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SYSTEM AND METHOD FOR SOUNDING REFERENCE SIGNAL TRANSMISSION

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/543,930, filed on August 10, 2017 and entitled “"System and Method for
Sounding Reference Signal Transmission,” and U.S. Non-Provisional Application No.
16/100,125, filed on August 09, 2018 and entitled “System and Method for
Sounding Reference Signal Transmission”. Each of these applications is

incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to wireless communications, and
in particular embodiments, to systems and methods for transmitting sounding

reference signals.

BACKGROUND

[0003] In traditional cellular networks, each transmit/receive point (TRP) is
associated with a coverage area or a traditional TRP-based cell and is assigned a
traditional cell identifier (ID) to define the control channel and data channel so that
simultaneous TRP to user equipment (UE) or UE to TRP communications can be
supported for each traditional cell. The network may maintain the association
between serving TRP and the UE through assigned traditional cell ID until a

handover is triggered.

[0004] As the demand on mobile broadband increases, traditional cellular
networks are deployed more densely and heterogeneously with a greater number of

TRPs. Traditional cell ID assignment becomes more difficult and the occurrence
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rate of handovers increases as the UE moves between TRPs. Further, the density of

the traditional cells creates much interference between neighboring traditional cells.

[0005] Sounding reference symbols (SRSs) are transmitted by UEs for the
purpose of uplink channel measurement. A given SRS may be in the form of a
Zhadoff-Chu (ZC) sequence mapped to a set of tones. Among other parameters a
given ZC sequence is defined by a root. In conventional LTE systems, a cell specific
root is used within each cell. All UEs transmitting in the cell employ a ZC sequence

based on the same root.

SUMMARY

[0006] As noted above, in conventional LTE, a cell specific root is used within
each cell. There is a need for a more flexible association between roots and UEs
that, for example, allows for multiple roots to be associated with a cell. This may

help with maintaining re-use distance as networks become denser.

[0007] According to one aspect of the present disclosure, there is provided a
method comprising: transmitting signalling to configure a user equipment (UE) with
a UE specific root to use in generating a Zadoff Chu (ZC) sequence for reference

signal transmission.

[0008] Optionally, the method further comprises selecting the UE specific root

for the UE from a set of roots containing greater than 60 roots.

[0009] Optionally, the method comprises selecting the UE specific root for the
UE from a set of roots wherein the size of the set of roots is a function of ZC
sequence length, and for at least one ZC sequence length, the size of the set of

roots is greater than 60.
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[0010] Optionally, the size of the set of roots is in accordance with:
Sequence length Number of roots

36 to 60 30

72 to Ly 60

L, to Ls Fa(L2)

Ln-1 to Ln Fn-1(Ln-1)

where the function F,(L,) value is not larger than the available number of roots for

a sequence length L.

Optionally, the size of the set of roots is in accordance with:

ZC length | 36-60 | 72-120 | 144 and above

Max #Roots 30 60 120

[0011] Optionally, the set of roots containing greater than 60 roots comprises

roots roughly uniformly placed over a ZC sequence length without sequence

hopping.

[0012] Optionally, the method further comprises generating roots for full

length ZC sequences for each SRS sequence length according to:

if SRS sequence length is between 36-60:

g=|7+1/2| where g=N2.(u+1)/31 and uc{0,l,....29};
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If SRS sequence length is between 72-120:

q=|g+12|+v-(-nP7where g =N -(u+1)/31 , uc{0.l,...,29}, and ve{1};
If SRS sequence length is larger or equal to 144:
a=[T+12)+v (D ypare T= N -@+D/31 61 29l OR

If SRS sequence length is larger or equal to 144:
g=|g+y2|+v- - where =N -(u+1)/67 , ue{0,l,....59}, and ve{0.1};

where: NX¥is the ZC sequence length equal to the largest prime number below the
SRS sequence length; the parameter u is called the sequence group number and
the parameter v is called the number within the group; parameters u and v jointly
determine the sequence root g as the product of number of possible values of u and

number of possible values of v.

[0013] Optionally, the method further comprises generating roots for full

length ZC sequences for each SRS sequence length according to:

If SRS sequence length is between 36-60:

-g=|g+1/2| where g=N2.(@+1)/31 and uc{0.l,....29};
If SRS sequence length is between 72-120:
-g=|g+1/2] where §=NX.(u+1)/71 , ue{l,....59};

If SRS sequence length is larger or equal to 144:

-g=|g+1/2| where g=N¥.(u+1)/139 , uef0.l....119};
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where: NXfis the ZC sequence length equal to the largest prime number below the
SRS sequence length; the parameter u is called the sequence group number and

root q is determined by u.

[0014] Optionally, the method further comprises configuring a UE to use a
truncated ZC sequence for sounding reference signal transmission; performing a
bandwidth allocation for reference signal transmission based on tree-like bandwidth

allocation structures.

[0015] Optionally, performing a bandwidth allocation for reference signal
transmission based on tree-like bandwidth allocation structures comprises using
multiple tree-like bandwidth allocation structures simultaneously in one bandwidth

part.

[0016] Optionally, the method further comprises configuring a UE to use a
truncated ZC sequence for sounding reference signal transmission; performing a
bandwidth allocation for reference signal transmission that is not based on a tree-
like bandwidth allocation structure , and using higher layer signalling to indicate a

bandwidth allocation.

[0017] Optionally, the method further comprises performing bandwidth
allocation for sounding reference signal transmission using truncated ZC sequences
with one or multiple tree like bandwidth allocation structures or with non-tree like
bandwidth allocation structures, subject to a constraint on overlapped bandwidth to

ensure orthogonality.

[0018] Optionally, the method further comprises receiving a sounding

reference signal in accordance with the configuration.



WO 2019/029651 PCT/CN2018/099771

[0019] According to another aspect of the present disclosure, there is
provideda method in a user equipment (UE) comprising: receiving signalling to
configure the UE with a UE specific root to use in generating a Zadoff Chu (ZC)
sequence for reference signal transmission; transmitting a reference signal in

accordance with the received configuration.

[0020] Optionally, the UE specific root for the UE is selected from a set of

roots containing greater than 60 roots.

[0021] Optionally, the UE specific root for the UE is selected from a set of
roots wherein the size of the set of roots is a function of ZC sequence length, and

for at least one ZC sequence length, the size of the set of roots is greater than 60.

[0022] Optionally, the size of the set of roots is in accordance with:
Sequence length Number of roots

36 to 60 30

72 to L1 60

L2 to L3 F2(L2)

Ln(n-1) to Ln Fn(L(n-1))

where the function Fn(Ln) value is not larger than the available number of roots for

a sequence length Ln.

[0023] Optionally, the size of the set of roots is in accordance with:

ZC length | 36-60 | 72-120 | 144 and above
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Max #Roots 30 60 120

[0024] Optionally, the set of roots containing greater than 60 roots comprises

roots roughly uniformly placed over a ZC sequence length without sequence

hopping

[0025] Optionally, roots for full length ZC sequences for each SRS sequence

length are according to: if SRS sequence length is between 36-60:
g=|g+1/2] where §=NX.(u+1)/31 and ue{0,....,29};

If SRS sequence length is between 72-120:

g=|g+12|+v-(-DP7 where g=NX.(u+1)/31 , uc{0.l1,...,29}, and ve{1};
If SRS sequence length is larger or equal to 144:
a=T+1/2)+v- Dy pare 7= Nog - (u+D)/31 , ue{0l,....29}; OR

If SRS sequence length is larger or equal to 144:
q=|g+1y2]+v-(-p7where §=N, - w+1)/67 , ue{0l,....59}, and ve {0.1};

where: NXfis the ZC sequence length equal to the largest prime number below the
SRS sequence length; the parameter u is called the sequence group number and
the parameter v is called the number within the group; parameters u and v jointly
determine the sequence root g as the product of number of possible values of u and

number of possible values of v.

[0026] Optionally, roots for full length ZC sequences for each SRS sequence

length are according to:
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If SRS sequence length is between 36-60:

-g=|g+1/2| where =N .(@+1)/31 and uc{0.l,....29};
If SRS sequence length is between 72-120:
-g=|g+1/2| where =N . (u+1)/71 , uef0.l.....59};

If SRS sequence length is larger or equal to 144:
-g=|g+1/2| where §=NX . (u+1)/139 , ue{0.1.....119};

where: NXfis the ZC sequence length equal to the largest prime number below the
SRS sequence length; the parameter u is called the sequence group number and

root q is determined by u.

[0027] Optionally, the method further comprises receiving signaling to
configure the UE to use a truncated ZC sequence for sounding reference signal
transmission; receiving signaling of a bandwidth allocation for reference signal

transmission based on tree-like bandwidth allocation structures.

[0028] Optionally, the bandwidth allocation for reference signal transmission
based on tree-like bandwidth allocation structures uses multiple tree-like bandwidth

allocation structures simultaneously in one bandwidth part.

[0029] Optionally, the method further comprises receiving signaling to
configure the UE to use a truncated ZC sequence for sounding reference signal
transmission; receiving higher signalling of a bandwidth allocation for reference

signal transmission that is not based on a tree-like bandwidth allocation structure.

[0030] Optionally, the method further comprises receiving signalling of a
bandwidth allocation for sounding reference signal transmission using truncated zZC

sequences with one or multiple tree like bandwidth allocation structures or with

-8-
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non-tree like bandwidth allocation structures, subject to a constraint on overlapped

bandwidth to ensure orthogonality.

[0031] Optionally, the method further comprises transmitting a sounding

reference signal in accordance with the configuration.

[0032] According to another aspect of the present disclosure, there is
provided a base station comprising: a processor, memory, transmitter and receiver;
the base station configured to transmit signalling to configure a user equipment
(UE )Ywith a UE specific root to use in generating a Zadoff Chu (ZC) sequence for
reference signal transmission, and to receive reference signal transmission based

on the configuration.

[0033] Optionally, the base station is further configured to select the UE

specific root for the UE from a set of roots containing greater than 60 roots.

[0034] Optionally, The base station is further configured to select the UE
specific root for the UE from a set of roots wherein the size of the set of roots is a
function of ZC sequence length, and for at least one ZC sequence length, the size of

the set of roots is greater than 60.

[0035] Optionally, the size of the set of roots is in accordance with:
Sequence length Number of roots

36 to 60 30

72 to Ly 60

L, to Ls Fa(L2)
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L..1 to L, Fn—l(l—n—l)

where the function F.(L,) value is not larger than the available number of roots for

a sequence length L.

[0036] Optionally, the size of the set of roots is in accordance with:

ZC length | 36-60 | 72-120 | 144 and above

Max #Roots 30 60 120

[0037] Optionally, the set of roots containing greater than 60 roots comprises

roots roughly uniformly placed over a ZC sequence length without sequence

hopping.

[0038] Optionally, the base station is further configured to generate roots for

full length ZC sequences for each SRS sequence length according to:

if SRS sequence length is between 36-60:

g=|g+1/2] where g=N.(u+1)/31 and ue{0,....,29};

If SRS sequence length is between 72-120:

q=|g+1/2]+v-(-nP7 where g=N3 - (u+1)/31 , ue{01,...,29}, and ve{01};
If SRS sequence length is larger or equal to 144:
a=Lg+12)+v (D ypare T=Noe-@+D/31 61 29l OR

If SRS sequence length is larger or equal to 144:
g=|g+1y2]+v-(-nP7'where §=N,3 - w+1)/67 , ue{0l,....59}, and ve {0.1};

-10-
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where: NXfis the ZC sequence length equal to the largest prime number below the
SRS sequence length; the parameter u is called the sequence group number and
the parameter v is called the number within the group; parameters u and v jointly
determine the sequence root g as the product of number of possible values of u and

number of possible values of v.

[0039] Optionally, the base station is further configured to generate roots for

full length ZC sequences for each SRS sequence length according to:

If SRS sequence length is between 36-60:

-g=|g+1/2] where g=N2.(+1)/31 and ue{01,...,29};
If SRS sequence length is between 72-120:
-g=|g+1/2] where §=N¥.@u+1)/71 , uc{l,....59};

If SRS sequence length is larger or equal to 144:
-g=|g+1/2] where g=NE -(u+1)/139 , uc{,1.....119};

Where NE is the ZC sequence length equal to the largest prime number below the
SRS sequence length; the parameter u is called the sequence group number and

root q is determined by u.

[0040] Optionally, the base station is further configured to: configure a UE to
use a truncated ZC sequence for sounding reference signal transmission; perform a
bandwidth allocation for reference signal transmission based on tree-like bandwidth

allocation structures.

[0041] Optionally, the base station is configured to perform a bandwidth

allocation for reference signal transmission based on tree-like bandwidth allocation

-11-
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structures by using multiple tree-like bandwidth allocation structures

simultaneously in one bandwidth part.

[0042] Optionally, the base station is further configured: configure a UE to use
a truncated ZC sequence for sounding reference signal transmission; perform a
bandwidth allocation for reference signal transmission that is not based on a tree-
like bandwidth allocation structure , and use higher layer signalling to indicate a

bandwidth allocation.

[0043] Optionally, the base station is further configured to perform bandwidth
allocation for sounding reference signal transmission using truncated ZC sequences
with one or multiple tree like bandwidth allocation structures or with non-tree like

bandwidth allocation structures, subject to a constraint on overlapped bandwidth to

ensure orthogonality.

[0044] Optionally, the base station is further configured to receive a sounding

reference signal in accordance with the configuration.

[0045] According to another aspect of the present disclosure, there is
provided a user equipment (UE) comprising: a processor, memory, transmitter and
receiver; the UE configured to receive signalling to configure the UE with a UE
specific root to use in generating a Zadoff Chu (ZC) sequence for reference signal
transmission, and to transmit a reference signal in accordance with the received

configuration.

[0046] Optionally, the UE specific root for the UE is selected from a set of

roots containing greater than 60 roots.

-12-
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[0047] Optionally, the UE specific root for the UE is selected from a set of
roots wherein the size of the set of roots is a function of ZC sequence length, and

for at least one ZC sequence length, the size of the set of roots is greater than 60.

[0048] Optionally, the size of the set of roots is in accordance with:
Sequence length Number of roots

36 to 60 30

72 to L1 60

L2 to L3 F2(L2)

Ln(n-1) to Ln Fn(L(n-1))

where the function Fn(Ln) value is not larger than the available number of roots for

a sequence length Ln.

[0049] Optionally, the size of the set of roots is in accordance with:

ZC length | 36-60 | 72-120 | 144 and above

Max #Roots 30 60 120

[0050] Optionally, the set of roots containing greater than 60 roots comprises

roots roughly uniformly placed over a ZC sequence length without sequence

hopping

[0051] Optionally, roots for full length ZC sequences for each SRS sequence

length are according to:

-13-
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if SRS sequence length is between 36-60:

g=|7+1/2| where g=N2.(u+1)/31 and uc{0,l,....29};

If SRS sequence length is between 72-120:

q=|g+12+v-(-DP7 where g=NX . (u+1)/31 , uc{0.l,...,29}, and ve{1};
If SRS sequence length is larger or equal to 144:

0 =17 +1/2)+v- (D™ \yhare T=Noe @ +D/31 1 20}; OR

If SRS sequence length is larger or equal to 144:

q=|g+1y2]+v-(-nP7'where §=N,3 - w+1)/67 , ue{0l,....59}, and ve {0.1};

where: NX¥is the ZC sequence length equal to the largest prime number below the

SRS sequence length; the parameter u is called the sequence group number and

the parameter v is called the number within the group; parameters u and v jointly

determine the sequence root g as the product of number of possible values of u and

number of possible values of v.

[0052] Optionally, roots for full length ZC sequences for each SRS sequence

length are according to:

If SRS sequence length is between 36-60:

-g=|g+1/2| where g=N2.(@+1)/31 and uc{0.l,....29};
If SRS sequence length is between 72-120:
-¢=|g+1/2| where g=N25-@+1)/71 , uc{,1,....59};

If SRS sequence length is larger or equal to 144:

-14-
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-g=|g+1/2| where =N -(u+1)/139 , uef0,l....119};

Where NE is the ZC sequence length equal to the largest prime number below the
SRS sequence length; the parameter u is called the sequence group number and
root q is determined by u.

[0053] Optionally, the UE is further configured to: receive signaling to
configure the UE to use a truncated ZC sequence for sounding reference signal
transmission; receive signaling of a bandwidth allocation for reference signal

transmission based on tree-like bandwidth allocation structures.

[0054] Optionally, the bandwidth allocation for reference signal transmission
based on tree-like bandwidth allocation structures uses multiple tree-like bandwidth

allocation structures simultaneously in one bandwidth part.

[0055] Optionally, the UE is further configured to: receive signaling to
configure the UE to use a truncated ZC sequence for sounding reference signal
transmission; receive higher signalling of a bandwidth allocation for reference signal

transmission that is not based on a tree-like bandwidth allocation structure.

[0056] Optionally, the UE is further configured to: to receive signalling of a
bandwidth allocation for sounding reference signal transmission using truncated zC
sequences with one or multiple tree like bandwidth allocation structures or with
non-tree like bandwidth allocation structures, subject to a constraint on overlapped

bandwidth to ensure orthogonality.

[0057] Optionally, the UE is further configured to: to transmit a sounding

reference signal in accordance with the configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

-15-
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[0058] Embodiments of the disclosure will now be described with reference to

the attached drawings in which:

[0059] FIG. 1 is a block diagram of an example communication system

within in which embodiments of the present disclosure could be implemented;

[0060] FIG. 2 is a block diagram of two neighboring NR cells in an

example communications system;

[0061] FIG. 3depicts cell layouts for different cell densities, showing why

larger number of roots is needed to maintain reuse distance;

[0062] FIG. 4 is a plot of mean cross correlations of each root within a set of

roots;
[0063] FIG. 5 is an example of a bandwidth tree structure;

[0064] FIG. 6 is an example of UE-specific configuration where Nrrc

determines the actual sequence bandwidth location;

[0065] FIG. 7 shows an example where a single LTE-like tree is

configured for truncated ZC design;
[0066] FIG. 8 is an example of frequency hopping in level 0 or level 1;

[0067] FIG. 9 shows an example where only tree structures that guarantee
that any partial overlapped band satisfies the required multiple as described above

are allowed to be used simultaneously;

[0068] FIG. 10A is a block diagram of an example electronic device that may

implement one or more of the embodiments described herein; and

-16-
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[0069] FIG. 10B is a block diagram of an example base station that may

implement one or more of the embodiments described herein.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0070] As noted above, in conventional LTE, a cell specific root is used within
each cell. There is a need for a more flexible association between roots and UEs
that, for example, allows for multiple roots to be associated with a cell. This may
help with maintaining re-use distance as networks become denser. In some
embodiments, rather than associating a root with a cell, roots are associated with

sequence ID, and multiple sequence IDs may be used within a cell.
LTE root number

[0071] In LTE, the available roots are determined based on the length L of the zZC

sequence as follows:
For L<36, use QPSK sequence
For L=36, N, = 31 and a total of 30 roots are all used

For L>36, 30 roots per sequence length, with roots are uniformly

distributed q = N, (u+1)/31 on the sequence length

For L>=72 and with sequence hopping, expand to 60 roots per sequence
length based on uniform root selection by replacing each root with two roots

q=17+1/2]+v- (-1l

[0072] In the above, the parameter u is call the sequence group number and the
parameter v is called the number within the group; and parameter u and v jointly

determines the sequence root q. The number of roots is determined by u and v,

-17-
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specifically it is the product of number of possible value of u and number of possible

value of v.

[0073] FIG. 1 illustrates an example communication system 100 in which
embodiments of the present disclosure could be implemented. In general, the
system 100 enables multiple wireless or wired elements to communicate data and
other content. The purpose of the system 100 may be to provide content (voice,
data, video, text) via broadcast, narrowcast, user device to user device, etc. The

system 100 may operate efficiently by sharing resources such as bandwidth.

[0074] In this example, the communication system 100 includes electronic
devices (ED) 110a-110c, radio access networks (RANs) 120a-120b, a core network
130, a public switched telephone network (PSTN) 140, the Internet 150, and other
networks 160. While certain numbers of these components or elements are shown
in FIG. 1, any reasonable number of these components or elements may be

included in the system 100.

[0075] The EDs 110a-110c are configured to operate, communicate, or both, in
the system 100. For example, the EDs 110a-110c are configured to transmit,
receive, or both via wireless communication channels. Each ED 110a-110c
represents any suitable end user device for wireless operation and may include
such devices (or may be referred to) as a user equipment/device (UE), wireless
transmit/receive unit (WTRU), mobile station, mobile subscriber unit, cellular
telephone, station (STA), machine type communication device (MTC), personal
digital assistant (PDA), smartphone, laptop, computer, touchpad, wireless sensor,

or consumer electronics device.

[0076] In FIG. 1, the RANs 120a-120b include base stations 170a-170b,

respectively. Each base station 170a-170b is configured to wirelessly interface with

-18-
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one or more of the EDs 110a-110c to enable access to any other base station 170a-
170b, the core network 130, the PSTN 140, the Internet 150, and/or the other
networks 160. For example, the base stations 170a-170b may include (or be) one
or more of several well-known devices, such as a base transceiver station (BTS), a
Node-B (NodeB), an evolved NodeB (eNodeB), a Home eNodeB, a gNodeB
(sometimes called a “gigabit” NodeB), a transmission point (TP), a transmit/receive
point (TRP), a site controller, an access point (AP), or a wireless router. Any ED
110a-110c¢c may be alternatively or jointly configured to interface, access, or
communicate with any other base station 170a-170b, the internet 150, the core
network 130, the PSTN 140, the other networks 160, or any combination of the
preceding. Optionally, the system may include RANs, such as RAN 120b, wherein
the corresponding base station 170b accesses the core network 130 via the internet

150, as shown.

[0077] The EDs 110a-110c and base stations 170a-170b are examples of
communication equipment that can be configured to implement some or all of the
functionality and/or embodiments described herein. In the embodiment shown in
FIG. 1, the base station 170a forms part of the RAN 120a, which may include other
base stations, base station controller(s) (BSC), radio network controller(s) (RNC),
relay nodes, elements, and/or devices. Any base station 170a, 170b may be a
single element, as shown, or multiple elements, distributed in the corresponding
RAN, or otherwise. Also, the base station 170b forms part of the RAN 120b, which
may include other base stations, elements, and/or devices. Each base station
170a-170b may be configured to operate to transmit and/or receive wireless signals
within a particular geographic region or area, sometimes referred to as a coverage
area. A cell may be further divided into cell sectors, and a base station 170a-170b
may, for example, employ multiple transceivers to provide service to multiple

sectors. In some embodiments a base station 170a-170b may be implemented as
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pico or femto nodes where the radio access technology supports such. In some
embodiments, multiple-input multiple-output (MIMO) technology may be employed
having multiple transceivers for each coverage area. The number of RAN 120a-
120b shown is exemplary only. Any number of RAN may be contemplated when

devising the system 100.

[0078] The base stations 170a-170b communicate with one or more of the EDs
110a-110c over one or more air interfaces 190 using wireless communication links
e.g. RF, yWave, IR, etc.. The air interfaces 190 may utilize any suitable radio
access technology. For example, the system 100 may implement one or more
channel access methods, such as code division multiple access (CDMA), time
division multiple access (TDMA), frequency division multiple access (FDMA),
orthogonal FDMA (OFDMA), or single-carrier FDMA (SC-FDMA) in the air interfaces
190.

[0079] A base station 170a-170b may implement Universal Mobile
Telecommunication System (UMTS) Terrestrial Radio Access (UTRA) to establish an
air interface 190 using wideband CDMA (WCDMA). In doing so, the base station
170a-170b may implement protocols such as HSPA, HSPA+ optionally including
HSDPA, HSUPA or both. Alternatively, a base station 170a-170b may establish an
air interface 190 with Evolved UTMS Terrestrial Radio Access (E-UTRA) using LTE,
LTE-A, and/or LTE-B. It is contemplated that the system 100 may use multiple
channel access functionality, including such schemes as described above. Other
radio technologies for implementing air interfaces include IEEE 802.11, 802.15,
802.16, CDMA2000, CDMA2000 1X, CDMA2000 EV-DO, IS-2000, IS-95, IS-856,
GSM, EDGE, and GERAN. Of course, other multiple access schemes and wireless

protocols may be utilized.
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[0080] The RANs 120a-120b are in communication with the core network 130 to
provide the EDs 110a-110c¢ with various services such as voice, data, and other
services. Understandably, the RANs 120a-120b and/or the core network 130 may
be in direct or indirect communication with one or more other RANs (not shown),
which may or may not be directly served by core network 130, and may or may not
employ the same radio access technology as RAN 120a, RAN 120b or both. The
core network 130 may also serve as a gateway access between (i) the RANs 120a-
120b or EDs 110a-110c or both, and (ii) other networks (such as the PSTN 140, the
Internet 150, and the other networks 160). In addition, some or all of the EDs
110a-110c¢ may include functionality for communicating with different wireless
networks over different wireless links using different wireless technologies and/or
protocols. PSTN 140 may include circuit switched telephone networks for providing
plain old telephone service (POTS). Internet 150 may include a network of
computers and subnets (intranets) or both, and incorporate protocols, such as IP,
TCP, UDP. EDs 110a-110c may be multimode devices capable of operation
according to multiple radio access technologies, and incorporate multiple

transceivers necessary to support such.

[0081] It is contemplated that the communication system 100 as illustrated in
FIG. 1 may support a New Radio (NR) cell, which also may be referred to as hyper
cell. Each NR cell includes one or more TRPs using the same NR cell ID. The NR cell
ID is a logical assignment to all physical TRPs of the NR cell and may be carried in a
broadcast synchronization signal. The NR cell may be dynamically configured. The
boundary of the NR cell may be flexible and the system dynamically adds or

removes TRPs to from the NR cell.

[0082] In one embodiment, a NR cell may have one or more TRPs within the NR

cell transmitting a UE-specific data channel, which serves a UE. The one or more
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TRPs associated with the UE specific data channel are also UE specific and are
transparent to the UE. Multiple parallel data channels within a single NR cell may

be supported, each data channel serving a different UE.

[0083] In another embodiment, a broadcast common control channel and a
dedicated control channel may be supported. The broadcast common control
channel may carry common system configuration information transmitted by all or
partial TRPs sharing the same NR cell ID. Each UE can decode information from the
broadcast common control channel in accordance with information tied to the NR
cell ID. One or more TRPs within a NR cell may transmit a UE specific dedicated
control channel, which serves a UE and carries UE-specific control information
associated with the UE. Multiple parallel dedicated control channels within a single
NR cell may be supported, each dedicated control channel serving a different UE.
The demodulation of each dedicated control channel may be performed in
accordance with a UE-specific reference signal (RS), the sequence and/or location

of which are linked to the UE ID or other UE specific parameters.

[0084] In some embodiments, one or more of these channels, including the
dedicated control channels and the data channels, may be generated in accordance
with a UE specific parameter, such as a UE ID, and/or an NR cell ID. Further, the
UE specific parameter and/or the NR cell ID can be used to differentiate

transmissions of the data channels and control channels from different NR cells.

[0085] An ED, such as a UE, may access the communication system 100 through
at least one of the TRP within a NR cell using a UE dedicated connection ID, which
allows one or more physical TRPs associated with the NR cell to be transparent to
the UE. The UE dedicated connection ID is an identifier that uniquely identifies the
UE in the NR cell. For example, the UE dedicated connection ID may be identified

by a sequence. In some implementations, the UE dedicated connection ID is
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assigned to the UE after an initial access. The UE dedicated connection ID, for
example, may be linked to other sequences and randomizers which are used for

PHY channel generation.

[0086] In some embodiments, the UE dedicated connection ID remains the same
as long as the UE is communicating with a TRP within the NR cell. In some
embodiments, the UE can keep original UE dedicated connection ID when crossing
NR cell boundary. For example, the UE can only change its UE dedicated

connection ID after receiving signaling from the network.

[0087] It is obviously understood that any number of NR cells may be
implemented in the communication system 100. For example, FIG. 2 illustrates two
neighboring NR cells in an example communication system, in accordance with an

embodiment of the present disclosure.

[0088] As illustrated in FIG. 2, NR cells 282, 284 each includes multiple TRPs that
are assigned the same NR cell ID. For example, NR cell 282 includes TRPs 286,
287, 288, 289, 290, and 292, where TRPs 290, 292 communicates with an ED, such
as UE 294. It is obviously understood that other TRPs in NR cell 282 may
communicate with UE 294. NR cell 284 includes TRPs 270, 272, 274, 276, 278, and
280. TRP 296 is assigned to NR cells 282, 284 at different times, frequencies or
spatial directions and the system may switch the NR cell ID for transmit point 296
between the two NR cells 282 and 284. It is contemplated that any number
(including zero) of shared TRPs between NR cells may be implemented in the

system.

[0089] In one embodiment, the system dynamically updates the NR cell topology
to adapt to changes in network topology, load distribution, and/or UE distribution.

In some implementations, if the concentration of UEs increases in one region, the
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system may dynamically expand the NR cell to include TRPs near the higher
concentration of UEs. For example, the system may expand NR cell to include
other TRPs if the concentration of UEs located at the edge of the NR cell increases
above a certain threshold. As another example, the system may expand NR cell to
include a greater concentration of UEs located between two hyper cells. In some
implementations, if the traffic load increases significantly at one region, the system
may also expand the NR cell associated with the region to include TRPs for the
increased traffic load. For example, if the traffic load of a portion of the network
exceeds a predetermined threshold, the system may change the NR cell ID of one

or more TRPs that are transmitting to the impacted portion of the network.

[0090] In another embodiment, the system may change the NR cell ID associated
with TRP 296 from the NR cell ID of NR cell 282 to the NR cell ID of NR cell 284. In
one implementation, the system can change the association of a TRP with different
NR cells periodically, such as every 1 millisecond. With such a flexible NR cell
formation mechanism, all UEs can be served by the best TRPs so that virtually there

are no cell edge UEs.

[0091] In yet another embodiment, the shared TRP 296 can reduce interference
for UEs located at the boundary between the two NR cells 282, 284. UEs that are
located near the boundaries of two NR cells 282, 284 experience less handovers
because the shared TRP is associated with either NR cell at different times,
frequencies or spatial directions. Further, as a UE moves between the NR cells 282,
284, the transition is a smoother experience for the user. In one embodiment, the
network changes the NR cell ID of the TRP 296 to transition a UE moving between
NR cells 282, 284.

[0092] The system may apply TRP selection techniques to minimize intra-NR cell

interference and inter-NR cell interference. In one embodiment, a TRP sends a
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downlink channel state information (CSI)-reference symbol (RS). Some pilot (also
known as reference signal) ports may be defined such that the UEs can measure
the channel state information and report it back to the network. A CSI-RS port is a
pilot port defined as a set of known symbols from a sequence transmitted over
known resource elements (for example OFDM resource elements) for UEs to
measure the channel state. A UE assigned to measure a particular CSI-RS port can
measure the transmitted CSI-RS sequence, measure the associated channel state
and report it back to the network. The network, such as a controller, may select the
best TRPs for all served UEs based on the downlink measurements. In another
embodiment, a TRP detects an uplink sounding reference signal (SRS) sequence
from a UE in the configured time-frequency resources. For example, Constant
Amplitude Zero Auto Correlation (CAZAC) sequences such as ZC sequences can be
used as base sequences for SRS. The TRP reports a measurement of the detected
uplink SRS sequence to the network, such as a controller. The controller then

selects the optimal TRPs for all served UEs based on the measurements.

SRS Sequence Design and Resource Mapping

[0093] Embodiments of the disclosure provide methods of SRS sequence design,
which allow a configuration of which ZC sequence should be transmitted by which
UE, and also provide methods of resource mapping for SRS transmission. These
methods allow configuration of which time frequency resources a given UE should
use to transmit SRSs. Based on these methods, corresponding methods of
configuring a UE for SRS transmission, and methods of receiving such configuration

by a UE and transmitting the SRS in accordance with the configuration are provided.

SRS Sequence Background
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[0094] As noted above, Zadoff-Chu (ZC) sequences may be used for sounding
reference symbol (SRS) transmissions. SRSs are transmitted on the uplink by user
equipment for the network to make channel measurements on the uplink channel.
More generally, the embodiments described herein can also be applied to any type
of uplink reference symbols that make use of ZC sequences, SRS being a specific

example.

[0095] Three parameters of sequence length, root and cyclic shift determine a ZC
sequence. For a ZC sequence of length N, the largest prime number less than N is
N.p, and there are Nip-1 possible roots q, where gq=1,..., Np -1. In addition, there
are Nip possible cyclic shifts CS = CS;, i=0,..., Nip -1. A ZC sequence is uniquely
defined by the function f(N, g, CS) which is a sequence that has N values. zZC
sequence computation from this function is well known in the art and will not be

repeated here.

[0096] To transmit an SRS, each of the N values in the ZC sequence is
transmitted on a respective tone, a tone being the time frequency resource
provided by one sub-carrier for one OFDM symbol duration. The tones used may be
spaced across a sounding bandwidth according to a comb parameter. For example,
every 4™ sub-carrier might be used for the SRS. Typically an SRS is transmitted by
each UE at least once per slot, where a slot is a timeframe composed of a plurality

of OFDM symbol durations.

[0097] Two types of ZC sequence design are provided and detailed herein. These
are referred to herein as full length ZC sequence design, and a truncated ZC
sequence design. With full length ZC sequence design, a complete ZC sequence is
transmitted in an SRS transmission. With truncated ZC sequence design, only a

portion of a ZC sequence is transmitted in an SRS transmission.
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LTE-like Design

[0098] LTE-like sequence design is a specific example of full length ZC sequence
design. The LTE-like sequence design is referred to as such due to similarities to an
approach used in LTE. The SRS sequence is a function of the sounding bandwidth
(in the sense that the sequence length N is a function of the sounding bandwidth as
detailed above) and does not depend on the sounding bandwidth position within an
overall bandwidth, or physical resource block (PRB) position. Thus, a UE
configured to transmit a ZC sequence defined by f(N,q,CS) will transmit the same
sequence irrespective of the sounding bandwidth position or physical resource

blocks assigned for SRS transmission.

[0099] As such, after the sounding bandwidth, comb size, root and cyclic shift of
the sequence are assigned to the UE, the sequence is generated according to the

bandwidth size and comb size, and mapped to that bandwidth.

[00100] With the LTE-like design, partial overlap between sounding bandwidths of
different UEs is NOT allowed among sequences generated from the same root, as
otherwise orthogonality cannot be kept. Thus, two UEs with the same bandwidth
size and root should either be configured to transmit SRS using either completely
overlapping resources, or completely non-overlapping resources. This means the

flexibility of SRS scheduling is limited.

[00101] In either case, there is good orthogonality between the transmissions of
different UEs. In addition, the LTE-like design provides an acceptable peak average

power ratio (PAPR) and cubic metric (CM).

Truncated ZC design
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[00102] Unlike the case for the LTE-like design, with the truncated ZC design, an
SRS sequence is a function of the sounding bandwidth position or PRB position. A
long mother ZC sequence is generated to cover an entire SRS bandwidth (its
sequence length equals or exceeds SRS bandwidth). A portion of the sequence is
assigned to each UE. The portion is truncated from the mother sequence

corresponding to the SRS bandwidth location assigned to UE.

[00103] With the truncated ZC design, partial overlap between sounding

bandwidth of different UEs is allowed among sequences generated from the same
root, while orthogonality between UEs may still be maintained, in the case that
partial overlap granularity conditions detailed below are satisified. However, there is
not a guarantee of low PAPR or low CM for all roots. As such, for truncated zC
design, typically specific roots that results in satisfactory PAPR and cubic metric (CM)
are found through computer search. Allowing partial overlap among sequences

leads to more scheduling flexibility.

Sequence root generation

[00104] In LTE, all SRS sequences of a specific length of a given cell are
generated from a single cell-specific root; this root is mapped from physical cell ID.
In LTE, 30 or 60 such distinct roots can be generated. For sequence lengths
between 36 and 60, 30 roots are generated, and for sequence lengths between 72
and a maximum sequence length, up to 60 roots can be generated. For example,
for a sequence length of 60, the roots might include 2,4,6,.... In this case, a
mapping from physical cell ID to root position or index in the generated set assigns
a root to a cell with a given physical cell ID. For example, cells with physical cell

IDs cell_ID_1, cell_ID_2, cell_ID_3,... might be mapped to roots 2,4,6,...
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[00105] In accordance with an embodiment of the disclosure, for example for use
in New Radio (NR) systems, both LTE-like design and truncated ZC design are
supported, and roots are associated with sequence IDs instead of physical cell IDs.
This has the advantage that more than one root can be assigned to a given cell.
The sequence ID is used to generate an associated root. This approach may be
used to generate 30 roots, 60 roots, or in some embodiments a larger number of

roots.

LTE-Like Design With Additional Roots

[00106] An embodiment of the disclosure provides LTE-like design with additional

roots, i.e. more than the 60 maximum provided for by current LTE specifications.

[00107] A larger number of roots may be useful with a larger SRS bandwidth and
SRS sequence length. For example, NR maximum channel bandwidth per NR
carrier can be up to 400MHz in Rel-15. For single numerology, the maximum
number of subcarriers per NR carrier is 3300 or 6600 in Rel-15, but it should be
clearly understood that the approaches described herein are not limited to any

specific channel bandwidth.

[00108] NR systems may feature smaller cells and a more densified network. If
reusing the same 30/60 roots as in LTE, the reuse distance is smaller. Referring to
Figure 3, generally indicated at 300, 302 are a first cell layout and a second
relatively denser layout respectively. A reuse distance R is depicted in both cell
layouts, this representing a distance outside of which the same root can be reused
which conversely means that all cells within the radius R use different roots. To
keep the same reuse distance for the more dense cell layout 302, a larger number

of roots (that is larger than 60) is needed.
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[00109] NR uses more cell IDs, larger UE density, and more UE SRS ports. The
number of physical cell IDs increases from 504 to 1008. Connection density might
for example be of 1,000,000 devices/km? in urban environment (38.913, section
7.17). Potentially more SRS ports (N=1,2,4 at least, FFS 3 and 8) than LTE (4

ports maximum) might be provided.

[00110] In accordance with an embodiment of the disclosure, a number of
sequence roots is configured that is a function of sequence length. A specific
example is provided in Table 1 below, where the function Fn(Ln) value is not larger

than the available number of roots for a sequence length Ln.

TABLE 1: Example of Number of Roots as a function of Sequence Length

Sequence length Max Number of roots
36 to 60 30

72 to L 60

L, to Ls Fa(Ly)

L..1 to L, Fn—l(l—n—l)

[00111] In the above table, Ln is the length of sequence, Fn-1(Ln-1) is the

resulting max number of roots in the sequence length range of [Ln-1, Ln]

[00112] In specific examples, the number of roots as a function of sequence

length is as shown in one of Tables 2,3 and 4 below.

TABLE 2: Example of Maximum Number of Roots as a function of Sequence Length
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ZC length

36-60

72-120

144 and above

Max #Roots

30

60

120

TABLE 3: Example of Maximum Number of Roots as a function of Sequence Length

ZC Length 36-30 72-96 108-120 144 and
above
Max # Roots 30 60 120

TABLE 4: Example of Maximum Number of Roots as a function of Sequence Length

ZC length

36-60

72-96

108 and above

Max #Roots

30

60

90

[00113] In some embodiments, the roots are in accordance with the equations in

R1-1712239 in 3GPP TSG RAN1 Meeting as set out below for the above Table 2.
LTE-Like Design: Root Selection (1)

[00114] Root design has two steps. In the first step, a subset of a set of available
roots is configured. In the second step, mapping of sequence ID to the subset of

roots is configured.

Root Subset Configuration
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[00115] It is desirable to select a set of roots for which the corresponding zZC
sequences have low mean cross-correlation. The sequence for a given root has a
cross-correlation with a sequence with another root. The average of these cross-
correlations for all possible partial overlapping patterns, cyclic shift, and comb sizes,
for a given root is the mean cross-correlation for that root. In the root selection
process for the LTE-like design, it is found that the selection of roots is not sensitive
in terms of inter-root cross correlation. For one root of one sequence length, its

mean cross correlation is close to that of other roots of the same sequence length.

[00116] A design objective is to find M roots for use in NR such that for each
sequence length, the average cross correlation between roots is minimized. In NR
it is possible to have more resource blocks (RBs) for SRS transmission than in
conventional LTE. For example, for the 50RB system bandwidth case, according to

36.211, the possible number of RBs for UE-specific SRS transmission is

[4, 8, 12, 16, 20, 24, 32, 36, 40, 48]

[00117] For comb size 2 and 4, the possible ZC sequence lengths are

[36, 48, 60, 72, 96, 108, 120, 144, 192, 216, 240, 288]

[00118] For the LTE-like design, for length 48 and 60, select 30 roots for each
length. For length 72 to 120, select 60 roots for each length (or a larger number
which may be a function of length, if a larger number of roots is supported as per
previously described embodiment, for example as per Table 2 above). For example,

for length 144 and above, select 120 roots for each length.

LTE-Like Design: Root Selection
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[00119] Root selection may be performed for sequence length 48, and for other
sequence lengths up to a maximum sequence length. In a very specific example,
this involves selecting roots for sequence length 48, then for sequence length 60,
and so on until selecting roots for sequence length 288. For each root of each
sequence length, the mean cross correlation values are obtained between the

generated sequences and the other sequence with equal or smaller length.

[00120] Results are averaged over different combinations of comb sizes, cyclic
shifts, roots of the other sequence with equal or smaller lengths, and (partial)

overlapping patterns.

[00121] In doing cross correlation between this sequence and the other sequence:
If the other sequence has smaller length, roots of the other sequence are

chosen among its selected roots in previous loops (either 30 or 60);

If the other sequence has equal length, roots of the other sequence are

chosen among all possible roots.

[00122] (Partial) overlapped patterns between the two sequences may be

obtained via sliding one sequence each time by a step of 2 RBs in frequency.

[00123] Select 30 (if L<=60) or 60 (if 72=<L<=120) or 120 (if L >=144) roots
out of all possible roots of this sequence length with smallest mean cross

correlation value.

[00124] The same approach can be used where a larger number of roots is used,

as introduced above.

[00125] For a given sequence length, the ratio of the maximum mean cross

correlation among its roots to the minimum mean cross correlation among its roots
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is at most 0.09dB. This is shown in Figure 4, where the mean cross correlation for
each root is shown for various sequence lengths. For a given sequence length, the

mean cross correlations for all the roots shows very little variability.

[00126] In some embodiments, for LTE-like root design, root generation is in
accordance with one of two approaches. In the first approach (referred to below
as P1), roots are roughly uniformly placed over each sequence length with
sequence hopping like in LTE, i.e., select roots that are roughly uniformly placed
over each sequence length to generate a base number of N roots, with optional
sequence hopping to generate an additional N roots (or additional M > N roots).
Sequence hopping means each cell does not have a fixed single root; it can have
different roots in different time slots. For example, one cell might select root 8 in a
given time slot and then select root 9 in the next slot, and then select root 8 again
in the following slot and so on. For example, an available root subset [2, 4, 6...]
with sequence hopping can become for example [1,2,3,4,5,6...], as cell one now
does not only have root 2, but can have root 1 and 2 in different slots. In the
second approach (referred to below as P2), the roots are always roughly uniformly

placed over each sequence length without sequence hopping.

[00127] Alternatively, in some embodiments, a unified method for sequence root
generation for both LTE-like and truncated sequence design is provided, meaning
that the same formula/table (perhaps with different parameters) can be applied to
generate roots for both LTE-like and truncated ZC design. The following is a
specific example of a unified method. The method begins with selecting roots for
truncated ZC design for the length of mother sequence using a computer search.
The method continues with mapping the roots selected for the truncated ZC design
proportionally to each sequence length of LTE-like design. This mapping function

can be a formula as a function of sequence length. For example, consider
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designing the roots for a truncated ZC design with a mother code of length 1000,
and LTE-like design for a sequence of length 100. A set of roots, e.g. 30 roots, is
found using computer search for the truncated ZC design. These will be between 1
and 997 (the largest prime less than 1000). Then, the 30 roots are mapped
proportionally to the LTE sequence length of 100 (with rounding to ensure integer

root position).

[00128] Thus the result of root subset configuration is a first set of roots for LTE-

like and a second set of roots for truncated ZC design.

Mapping of Sequence IDs to Roots of Root Subset

[00129] In accordance with an embodiment of the disclosure, an SRS sequence ID
is configured for each UE, and the sequence ID maps to a root of the root subset.
In a specific example, the SRS sequence ID is a function of UE ID or a configurable
ID, but may also be a function of cell ID. A given UE is configured with, or
otherwise made aware of the sequence ID it is to use, and based on the sequence
ID, the UE can determine the ZC sequence to use for LTE-like or truncated ZC SRS

sequence transmission.

[00130] For LTE-like sequence design, the root is a function of sequence ID,
sequence length, and scheduled time. In some embodiments, group hopping and
sequence hopping can be a function of cell ID or sequence ID. Group hopping is a
specific example of root configuration that is a function of scheduled time. For the
relation between root and scheduled time (t), for group hopping in LTE, the network
can configure a pattern, such that in time slot t one cell uses one root, and in time
t+1 this cell uses another root. The system also makes sure that in each time slot,
30 cells use 30 distinct roots. So in this sense cell-to-root mapping can be a

function of time. In accordance with an embodiment of the disclosure or NR, the
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sequence ID-to root mapping is a function of time. Another example of root

configuration that is a function of time is the sequence hopping approach explained

above.

[00131] The following is a specific example of LTE-like sequence design provided

by an embodiment of the disclosure.

[00132] Due to the fact that ZC roots provide similar average cross correlation

properties, either of the following root generation mechanisms can be used for LTE-

like SRS:

Either of the following methods P1 and P2 can be used to generate ZC root for each

SRS sequence length.

P1: Similar root selection principle as in LTE using sequence hopping

for sequence length larger than 60. In this case, ZC sequence root q is given by

(corresponding to root number distribution example in table 2):

P1-1)

P1-2)

P1-3)

vel-1012}.

144.

For SRS sequence length 36-60:

g=|g+1/2] where =N .(x+1)/31 and uc{0],...,29}.

For SRS sequence length 72-120:

g=|g+12|+v-(-D*" where g=N.(u+1)/31 , uef0],...29}, and ve{01}.
For SRS sequence length larger or equal to 144:

g=|g+12]+v--DP" where G=NZ.(u+1)/31 , ue{]l,...29} , and

An alternative of P1-3) For SRS SRS sequence length larger or equal to
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- g=|g+1/2]+v-(-1)*" where g=N (u+1)/67 , ue{0l,...59} , and

ve{OJ}

. P2: Equal interval between two subsequent roots for any SRS

sequence length. In this case, the ZC sequence root q is given by:
P2-1) For SRS sequence length 36-60:

- g=|g+1/2] where g=NE.(u+1)/31 and uc{,l,...,29}.
P2-2) For SRS sequence length 72-120:

- g=|g+1/2] where g=N.(u+1)/71 , ue{0l,...,59}.
P2-3) For SRS sequence length larger or equal to 144:

- g=|g+1/2] where =N . +1)/139 , uef0,1,....119}.
where:

- NB% is the ZC sequence length (the largest prime number below the

SRS sequence length, for example, for SRS sequence length of 60, N5 is 59);

- the parameter u is called the sequence group number and the

parameter v is called the number within the group;
- parameters u and v jointly determines the sequence root q;

- the number of roots is determined by u and v, specifically it is the

product of number of possible values of u and number of possible values of v;

- in solution P2, there is no v, and root q is determined by u.
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[00133] Note that P1 is a natural extension to LTE root selection: P1-1 and P1-2
provide sets of roots identical to LTE for SRS sequence lengths of 36-60 and 72-120,
respectively. Moreover, P1-3 provides a set of 60 roots (a base set of 30 roots and
another 30 roots from LTE sequence hopping) identical to LTE for the case that
sequence hopping is enabled in addition to 60 other distinct roots derived when
v=—lor v=2. In case of P1-3, v can be obtained, for instance, from two
consecutive binary digits of the LTE random sequence generator with mapping
binary number 11 to -1 (i.e., 00to 0, 01 to 1, 10to 2, 11 to -1). For the
alternative P1-3, the base root number is 60 and sequence hopping brings another
60 roots. Numbers 71 and 139 in denominators of g expressions in P2-2 and P2-3
are selected as the largest prime numbers less than 72 and 144, respectively. The
generation formula of parameters v and v in P2-2 and P2-3 may, for instance,

follow that presented in 3GPP TS 36.211 V13.1.0 (2016-03):

Technical Specification,

3rd Generation Partnership Project;

Technical Specification Group Radio Access Network;

Evolved Universal Terrestrial Radio Access (E-UTRA);

Physical channels and modulation (Release 13)
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with slight modifications: When the base sequence number is increased from 30
toy = 60 or y =120, functions like Xmod30or | X/30| should be updated accordingly

to Xmodyor [ X/y|.

[00134] For truncated ZC design, a set of roots satisfying PAPR/CM requirements
are found by computer search as described previously. A mapping of cell ID or

sequence ID to root position can be stored in a table, where root position refers to
position within the set of roots found by computer search. An example is shown in

Table 2 below where there are M sequence IDs mapped to M root positions.

TABLE 2

Cell ID or sequence ID Root position
Seqg_ ID_1 1

Seq_ID_2 2

Seq_ID_M M

[00135] For a unified design, the same table may be used to determine the
mapping for the LTE-like design, with an additional step of mapping to the smaller
set of possible roots as described above. The roots for truncated ZC design are also
a function of scheduled time, but not a function of sequence length. Group
hopping/sequence hopping can be employed, as a function of cell ID or sequence ID,

similar to that described above for LTE-like.
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[00136] For both LTE-like and truncated ZC design, a cyclic shift is also configured,

for example using higher layer signaling.

One NR Cell can employ multiple sequence IDs

[00137] In accordance with an embodiment of the disclosure, one NR cell can
employ multiple sequence IDs - multiple ZC roots. In some embodiments, the

roots can be cell specific.

[00138] In some embodiments, a group of UEs is assigned one sequence ID to
generate a root in which case the root is UE-group specific. For example, a group
of geographically proximate UEs or UEs that inflict strong mutual interference can
be configured with the same sequence ID (root), but different frequency bands or

cyclic shifts.

Coexistence of LTE-like and truncated ZC design in an NR Cell

[00139] In some embodiments, LTE-like and truncated ZC sequences are
employed in an NR cell. Among the multiple sequence IDs available for use in a
given NR cell, some sequence IDs can have LTE-like design, some sequence IDs

can have truncated ZC design.

[00140] In some embodiments, when low PAPR/CM is more important than
scheduling flexibility, SRS may be assigned using LTE-like design, and when
scheduling flexibility is more important than low PAPR/CM, SRS may be assigned
using truncated ZC design. This provides a tradeoff between PAPR/CM and
scheduling flexibility.

[00141] In some embodiments, an explicit or implicit signaling is employed to

indicate whether LTE-like or truncated ZC design is used for each sequence ID.
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[00142] Due to the use of multiple roots in an NR Cell, non-orthogonality between
different roots exists. In some embodiments, interference mitigation techniques
are employed at the network side to improve performance, for example successive

interference cancellation.

SRS Bandwidth Configuration

[00143] Bandwidth configurations are provide for LTE-like design and for truncated
ZC design. In some embodiments, SRS bandwidth configuration is a multiple of a

fixed granularity, for example, 4 resource blocks.

[00144] In LTE, a cell-specific parameter srs-BandwidthConfig (Csrs) determines a
set of bandwidth allocations from a tree-like bandwidth configuration structure. A
UE-specific parameter srs-Bandwidth (Bsgs) determines the level of the tree which
corresponds to one UE’s SRS bandwidth size msps. A UE-specific parameter
freqDomainPosition (nrrc) determines the actual SRS bandwidth location. A UE-
specific parameter srs-HoppingBandwidth (bno,p) determines the tree level in which

the hopping occurs.

[00145] An example of a specific tree structure is shown in Figure 5, generally
indicated at 500. A given tree structure has a number of levels that each feature
bandwidth allocation to a finer granularity. In the example of Figure 5, the tree has
four levels respectively labelled Level = 0,1,2,3. Recall that a UE specific
configured value Bsgs determines the level on such a tree, and sequence bandwidth
length msrs. For example, for a UE using the tree structure 500 of Figure 5, Bgrs =
0 means that an L = 48 sequence bandwidth length is employed. For Bsgs =1, an
L=24 sequence bandwidth length is employed. Recall that a UE-specific configured
Nrrc determines the actual sequence bandwidth location. An example is shown in

Figure 6 which shows the bandwidth allocation 502 of Figure 5. The frequency
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locations to the finest possible granularity (level 3 in this example) are indexed with
Nrre Values 0 to 11. A UE configured with Bsgs=1 and ngrc = 6 transmits with a

sequence bandwidth length 24 in frequency location 602 depicted in Figure 6.

[00146] In some embodiments, for LTE-like design, SRS frequency hopping takes
place in the tree levels above the tree level of the UE. Recall the tree level of the
UE can be specified by Bsgs. Frequency hopping occurs in a tree level indicated by
UE specific bnop < Bsrs.  With frequency hopping, during respective time slots, the
SRS is transmitted using a frequency band that changes location, for example on a
per slot basis, within the UE’s bandwidth allocation. Two examples of frequency
hopping will be described wit reference to Figure 8. Shown is a bandwidth
allocation for cyclic shift 5 that is the same as that depicted in Figure 7. The
bandwidth allocation includes 24 PRB allocation 800 (levell) and two 24 PRB
allocations (level 2). A UE with assigned to level 2 of the tree can perform
frequency hopping in level 0 or level 1. A first example of hopping in level 1 (bhp =
1) is indicated at 800, and a second example of hopping in level O (bpo, =0) is

indicated at 802.

[00147] For example, if a UE is configured with Bsgs = 3, frequency hopping can
occur in level 2,1 or 0 depending on bye,. In some embodiments, setting by, >=

Bsrs disables frequency hopping.
Bandwidth Configuration for LTE-like Design

[00148] In NR, within one carrier bandwidth, there might be multiple bandwidth
parts (BWP) allocated to different UEs. In one NR Cell, a UE can transmit-receive
within its UE-specifically configured UL-DL BWP. So one NR Cell can have multiple
BWP which are separated in frequency. Since BWP is UE-specifically configured, in

the following text, “one BWP of a cell” means one BWP of a UE in the NR cell. In
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accordance with an embodiment of the disclosure, for LTE-like SRS design in NR,
Csrs is no longer cell-specific as in LTE, and it is UE specific and/or may also be
BWP-specifically configured, i.e., a NR Cell configures one Csgs for each BWP in an
LTE-like design. In some embodiments multiple UEs configured to use the same
BWP are constrained to be configured with the same Csgs. The Csrs of each UE on
each BWP may be sent to the UE through RRC signaling when it updates semi-
statically. After Csrs is updated, the corresponding Bsgrs, Nrre, @nd brop are updated

and signaled to the UE for the new Csgpgs.

[00149] Whereas LTE has 8 possible Csrs values per cell, NR with larger SRS
bandwidth may have the same or more available Csrs values to select from for one
tree. More generally, a parameter can be signaled to UE, the parameter having
equal to or greater than 8 possible values for a cell or a group of UEs with a same
ZC sequence, indicating a corresponding equal to or greater than 8 possible tree-

like bandwidth allocation structures.

[00150] Actual bandwidth allocation is one instance of this set/tree. Referring to
Figure 5, an example of an actual allocation based on tree 500 is indicated at 502.
This resource allocation can be employed for each of the possible set of cyclic shifts.
The bandwidth allocation is the same for each cyclic shift. An example set of

bandwidth allocations for 8 cyclic shifts CS1,...,CS8 is indicated at 504.

[00151] In some embodiments, whereas LTE has 4 possible Bsrs/msrs values to
select from, for NR with a larger SRS bandwidth, there are the same or more UE-

specific Bsps/Msrs values to select from.

Bandwidth Configuration for Truncated ZC design
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[00152] A configurable Csgs determines a tree structure to be used for bandwidth
allocation from a set of possible tree structures. More generally, a parameter can
be signaled to UE, the parameter having equal to or greater than 8 possible values
for a cell or a group of UEs with a same ZC sequence, indicating a corresponding
equal to or greater than 8 possible tree-like bandwidth allocation structures. In
some embodiments, bandwidth allocation of one BWP of a cell for truncated ZC is
based on only one LTE-like tree structure of bandwidth allocations. In some
embodiments, for truncated ZC design, bandwidth allocations of one BWP of a cell
can be multiple LTE-like tree structures in which case multiple Csgs are configured

for example for a BWP of a cell.

[00153] There may be partial overlapping between bands of these trees. Steps
can be taken to keep orthogonality, detailed below. This approach provides more
per-UE bandwidth options and higher granularity to accommodate different types of

UE (cell-edge / cell-center).

[00154] Figure 7 shows a first example, generally indicated at 700, where a single
LTE-like tree is configured for truncated ZC design. Also shown is a second example,
generally indicated at 702, where two LTE-like trees are configured for truncated

ZC design, indicated as Tree A and Tree B. For this example, the per-UE bandwidth
options are [4, 12, 24, 48] with only one tree while more options of [4, 8, 12, 16,

24, 48] are supported with two trees.

[00155] An actual bandwidth allocation is a set of instances of these trees. For
the tree 700, shown are allocations for 8 cyclic shifts indicated at 704. This subset
can have full duplications (for example the bandwidth allocations for CS1,CS2, or
the bandwidth allocations for CS5, CS6, CS7), partial duplications, or no
duplications. The bandwidth allocations for different cyclic shifts can overlap

partially with each other.
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[00156] For the combination of trees 702, shown are allocations for 8 cyclic shifts
indicated at 706. These include some allocations 708 from Tree A, and some

allocations 710 from Tree B.

[00157] Alternatively, or in addition, a different design that does not follow an
LTE-like tree structure is employed subject to guaranteeing partial-overlapping
orthogonality as detailed below. An example is shown in Figure 8, which shows
LTE-like tree structures 800,802, and a structure 804 that does not follow an LTE-

like tree.

[00158] For the case where UE-specific configuration for truncated ZC design
following an LTE tree structure is employed, a UE specific configured Bsgs
determines the level on one tree and sequence bandwidth length msrs, and UE-
specific configured nrrc determines actual bandwidth allocation for one tree, and
UE-specifically configured by, determines the tree level on which frequency

hopping occurs.

[00159] In some embodiments, where bandwidth allocation of one sequence ID
does not follow an LTE-like tree structure, frequency hopping location can be

configured using higher layer signalling for each hop.

[00160] In some embodiments, , where bandwidth allocation of one sequence ID
does not follow an LTE-like tree structure, the sequence length of for a UE may

change from one hop to another, at least some of the time.

[00161] In some embodiments, in one BWP of one cell, the set of bandwidth
allocations are from multiple trees. In this case, there are multiple Csgs in @ BWP of

a cell each associated with a respective one of the multiple trees. However, in
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some embodiments, each UE is configured to use only one of the multiple trees on

one of its BWP. A UE in one tree can be semi-statically configured to another tree.

[00162] In this embodiment, Csgs is UE-specific (in contrast to LTE where it is
cell-specific). The used Csgs may be sent to the UE through RRC signaling when it
updates semi-statically. After Csgrs is updated, the corresponding Bsgs, Nrre, and

brop @are updated and signaled to the UE for the new Cgpgs.

[00163] For the case where bandwidth allocation for the ZC design does not follow
LTE tree structure, the srs-BandwidthConfig (Csgs) which specifies a tree structure
is no longer needed. A tree level UE-specific parameter Bsgs is no longer an index of
tree level e.g., [0,1,2,3] as in LTE. This parameter (or some other parameter) can
be used to directly indicate the bandwidth size msgs. As before, a UE-specific ngre
is an index corresponding to sequence frequency location. A UE frequency hopping
related signaling bno, should be revised such that it does not indicate tree level any

more, instead it specifies the frequency location in each hop.

[00164] The following is a specific example of signaling for non-tree structure

bandwidth configuration:
. A UE-specific parameter to directly indicate the bandwidth size mggrs ()

. A UE-specific parameter to indicate the frequency location of each hop

for frequency hopping

[00165] In a first example, signaling indicates the frequency location offset
between two hops, e.qg., if this offset is 5, then in 1% hop the starting location of
SRS in frequency is nth RB, in 2™ hop the starting location of SRS frequency is
(n+5)th RB

[00166] In a second example, the signaling is an index of some pre-computed

vector of frequency starting index, e.q., if it is an index corresponding to [5, 1, 3, 9,
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71, then it means the frequency starting position of 1% hop is 5" RB, and frequency

starting position of 2™ hop is 1% RB, and so on.

[00167] In some embodiments, one of the above two signaling examples is used
to replace LTE signaling Bsgrs and bnop, and LTE signaling Csgs for tree configuration

no longer exists. Another signaling is ngrrc, which can be the same as LTE.

[00168] In some embodiments, a hybrid approach is adopted, in which both tree
structure and non-tree structure are used for one cell or one group of UEs with the

same sequence ID.

[00169] For UEs to use the tree-based approach, the UE is configured with UE-
specific parameters Csgrs, Bsrs, Nrre, bhop fOr example as described above. For UEs

to use a non-tree based approach, the UE is configured with UE-specific parameters
Bsrs,, Nrrc ,@Nnd brop. An additional indication (either indicated explicitly as further
signaling, e.g., signal one bit or via setting a special value for Csrs, or implicitly)
conveys the fact that the parameters Bsrs, Nrre, @and bpep are in respect of “non-tree”

bandwidth allocation.
Partial Overlapped Bandwidth Granularity
Truncated ZC design

[00170] Although flexibility of scheduling is achieved via truncated ZC design, in
some embodiments, due to different UE capabilities, constraints on the granularity
of (partial) overlapped bandwidth are imposed to ensure orthogonality. Where a
first bandwidth is used for sequence A, and a second bandwidth is used for
sequence B, where bandwidth A overlaps partially, but not completely with
bandwidth B, there is a partial overlap. The length of the sequence occupying the

bandwidth overlap is referred to herein as overlapped sequence length.
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[00171] For the case where SRS bandwidth allocation is in multiples of 4 RBs, for
a total of X (e.g., X=8 or X=12) cyclic shifts, to ensure orthogonality, (partial)

overlapped sequence length should be a multiple of:

X, when mother sequence generation is a function of comb (case 1). For case 1,
one mother sequence is generated for each comb; and if there are two combs, two

mother sequences are generated.

X/comb_size, when mother sequence generation is independent of comb (case 2).
For case 2, only one mother sequence is generated for all combs. And the mother

sequence for each comb can be truncated from this single large mother sequence.

[00172] Example 1: 8 cyclic shifts, comb size 2

Case 1: (partial) overlapped bandwidth should be a multiple of 4RB (48/2 = 8*3).
For this example, 1 RB has 12 subcarriers, so 4 RBs have 48 subcarriers 48 divided
by (comb size of) 2, is the SRS sequence length of 24, which is 3 times 8 (there are
X=8 cyclic shifts).

Case 2: (partial) overlapped bandwidth should be a multiple of 2RB (24/2 = 8/2*3)

[00173] Example 2: 8 cyclic shifts , comb size 4

Case 1: (partial) overlapped bandwidth should be a multiple of 8RB (96/4 = 8*3)

Case 2: (partial) overlapped bandwidth should be a multiple of 2RB (24/4 = 8/4*3)

[00174] Example 3: 12 cyclic shifts, comb size 2

Case 1: (partial) overlapped bandwidth should be a multiple of 2RB (24/2 = 12*1)

Case 2: (partial) overlapped bandwidth should be a multiple of 1RB (12/2 = 12/2*1)
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12 cyclic shifts , comb size 4

[00175] Example 4: 12 cyclic shifts, comb size 4

Case 1: (partial) overlapped bandwidth should be a multiple of 4RB (48/4 = 12*1)

Case 2: (partial) overlapped bandwidth should be a multiple of 1RB (12/4 =12/4*1)

[00176] Similar multiples can be defined for any number of cyclic shifts and comb

sizes, and in particular for cases where X/comb size is an integer.

[00177] In some embodiments, two cases (comb size 2 + 8 cyclic shifts, comb
size 4 + 12 cyclic shifts) are implemented. Optionally, a granularity of 4RB for
partial overlapped size can be chosen for case 1; while a granularity of 2RB for

partial overlapped size can be chosen for case 2.

[00178] The above detailed constraint on partial overlap to ensure orthogonality
may place some constraints on the tree-structure and non-tree-structure bandwidth

configuration.

[00179] The examples have assumed a 4 RB granularity for SRS bandwidth as in

LTE, but the same approach can be used for other granularities, for example 1 RB.

[00180] Embodiments have been described featuring bandwidth configuration
following an LTE-like tree structure, with multiple trees per BWP of a cell. Due to
the partial overlap granularity requirement described above, not all tree structures
can be used simultaneously for each BWP of a cell under truncated ZC design while
still ensuring orthogonality. In some embodiments, only tree structures that
guarantee that any partial overlapped band satisfies the required multiple as

described above are allowed to be used simultaneously.
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[00181] An example will be described with reference to Figure 9 which shows two
tree structures Tree A 900 and Tree B 902. Under case 1 (mother sequence
generation is a function of comb), for (8 cyclic shifts, comb size 2) or (12 cyclic
shifts, comb size 4), the two trees 900,902 cannot be used at the same time for
one BWP of a cell. This is because the partial overlap bandwidth is 6RB between
bandwidth size 12 in Tree A and bandwidth size 20 in Tree B, which is not a

multiple of 4RBs as required for this situation as detailed above.

[00182] Where bandwidth configuration does not follow a tree structure, partial
overlapping orthogonality can be ensured by requiring that the overlapped band

satisfies the required multiple of the RBs as detailed above.

Truncated ZC design

SRS Hopping and Antenna Switching

[00183] In some embodiments, SRS frequency hopping is combined with antenna
switching. Antenna switching in the most general sense means switching the
antenna or antennas used to transmit the SRS. For example, for a UE with two
antennas, the UE can transmit SRS on different antenna ports in different time

(TDM) to enable the network to measure the channel on these two antenna ports.

[00184] In a first option for combined SRS hopping and antenna switching, SRS
frequency hopping takes place at the slot level (in NR, a slot is defined as 7 or 14
OFDM symbols but other slot definitions can be used) i.e., SRS transmits on this
frequency band in this slot, and transmits on another frequency band in another
slot), and SRS antenna switching takes place at the symbol level (i.e., SRS
transmits on one antenna port in one symbol, and transmits on another antenna

port in another symbol). Consideration should be given to the time-gap between
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consecutive symbols to ensure that hardware switching time can accommodate the

antenna switch.

[00185] In a second option for combined SRS hopping and antenna switching, SRS
frequency hopping takes place at the symbol-level, and SRS antenna switching
takes place at the slot-level. A benefit of this option compared to the first option is
that that there is no need for gap to accommodate hardware switching time

between antenna ports.

Relevant Signaling

[00186] The following is a specific example of signaling that can be employed to

implement the above described embodiments.

[00187] LTE like in NR:

LTE-like in NR UE-specific or BWP-specific: Csprs

UE'SDECiﬁC: Bsgs, NRRe, bhop

[00188] Truncated design in NR:

UE-specific (with or without sequence ID): Csrs(if multiple tree structures are
allowed in one BWP then it is UE-specific, otherwise it can be UE-specific or BWP-

specific), Bsrs, Nrre, Phop.

[00189] In either case, if Csrs is BWP-specific, it may be signaled in a broadcast
channel, for example in a system information block such as SIB2, or it can be
signaled using RRC signaling; if Csgs is UE-specific, it may be signaled using RRC

signaling. The other parameters may be configured via RRC signaling.
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[00190] FIGs. 10A and 10B illustrate example devices that may implement the
methods and teachings according to this disclosure. In particular, FIG. 10A
illustrates an example ED 110, and FIG. 10B illustrates an example base station
170. These components could be used in the system 100 or in any other suitable

system.

[00191] As shown in FIG. 10A, the ED 110 includes at least one processing unit
200. The processing unit 200 implements various processing operations of the ED
110. For example, the processing unit 200 could perform signal coding, data
processing, power control, input/output processing, or any other functionality
enabling the ED 110 to operate in the system 100. The processing unit 200 may
also be configured to implement some or all of the functionality and/or
embodiments described in more detail above. Each processing unit 200 includes
any suitable processing or computing device configured to perform one or more
operations. Each processing unit 200 could, for example, include a microprocessor,
microcontroller, digital signal processor, field programmable gate array, or

application specific integrated circuit.

[00192] The ED 110 also includes at least one transceiver 202. The transceiver
202 is configured to modulate data or other content for transmission by at least one
antenna or NIC (Network Interface Controller) 204. The transceiver 202 is also
configured to demodulate data or other content received by the at least one
antenna 204. Each transceiver 202 includes any suitable structure for generating
signals for wireless transmission and/or processing signals received wirelessly or by
wire. Each antenna 204 includes any suitable structure for transmitting and/or
receiving wireless signals. One or multiple transceivers 202 could be used in the

ED 110, and one or multiple antennas 204 could be used in the ED 110. Although
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shown as a single functional unit, a transceiver 202 could also be implemented

using at least one transmitter and at least one separate receiver.

[00193] The ED 110 further includes one or more input/output devices 206 or
interfaces. The input/output devices 206 facilitate interaction with a user or other
devices (network communications) in the network. Each input/output device 206
includes any suitable structure for providing information to or receiving/providing
information from a user, such as a speaker, microphone, keypad, keyboard, display,

or touch screen, including network interface communications.

[00194] In addition, the ED 110 includes at least one memory 208. The memory
208 stores instructions and data used, generated, or collected by the ED 110. For
example, the memory 208 could store software instructions or modules configured
to implement some or all of the functionality and/or embodiments described above
and that are executed by the processing unit(s) 200. Each memory 208 includes
any suitable volatile and/or non-volatile storage and retrieval device(s). Any
suitable type of memory may be used, such as random access memory (RAM), read
only memory (ROM), hard disk, optical disc, subscriber identity module (SIM) card,

memory stick, secure digital (SD) memory card, and the like

[00195] As shown in FIG. 10B, the base station 170 includes at least one
processing unit 250, at least one transmitter 252, at least one receiver 254, one or
more antennas 256, at least one memory 258, and one or more input/output
devices or interfaces 266. A transceiver, not shown, may be used instead of the
transmitter 252 and receiver 254. A scheduler 253 may be coupled to the
processing unit 250. The scheduler 253 may be included within or operated
separately from the base station 170. The processing unit 250 implements various
processing operations of the base station 170, such as signal coding, data

processing, power control, input/output processing, or any other functionality. The
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processing unit 250 can also be configured to implement some or all of the
functionality and/or embodiments described in more detail above. Each processing
unit 250 includes any suitable processing or computing device configured to
perform one or more operations. Each processing unit 250 could, for example,
include a microprocessor, microcontroller, digital signal processor, field

programmable gate array, or application specific integrated circuit.

[00196] Each transmitter 252 includes any suitable structure for generating
signals for wireless transmission to one or more EDs or other devices. Each receiver
254 includes any suitable structure for processing signals received wirelessly or by
wire from one or more EDs or other devices. Although shown as separate
components, at least one transmitter 252 and at least one receiver 254 could be
combined into a transceiver. Each antenna 256 includes any suitable structure for
transmitting and/or receiving wireless signals. While a common antenna 256 is
shown here as being coupled to both the transmitter 252 and the receiver 254, one
or more antennas 256 could be coupled to the transmitter(s) 252, and one or more
separate antennas 256 could be coupled to the receiver(s) 254. Each memory 258
includes any suitable volatile and/or non-volatile storage and retrieval device(s)
such as those described above in connection to the ED 110. The memory 258
stores instructions and data used, generated, or collected by the base station 170.
For example, the memory 258 could store software instructions or modules
configured to implement some or all of the functionality and/or embodiments

described above and that are executed by the processing unit(s) 250.

[00197] Each input/output device 266 facilitates interaction with a user or
other devices (network communications) in the network. Each input/output device

266 includes any suitable structure for providing information to or
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receiving/providing information from a user, including network interface

communications.

[00198] According to another broad aspect of the disclosure, a method is
provided comprising transmitting signalling to configure a UE with a UE specific root

to use in generating a Zhadoff Chu (ZC) sequence for reference signal transmission.

[00199] Optionally, the method further comprises selecting the UE specific root
for the UE from a set of roots containing greater than 60 roots. An advantage of
increasing the number of roots is to maintain re-use distance in dense deployment

scenarios

[00200] Optionally, the method further comprises selecting the UE specific root
for the UE from a set of roots wherein the size of the set of roots is a function of ZC
sequence length, and for at least one ZC sequence length, the size of the set of

roots is greater than 60.

[00201] Optionally, the size of the set of roots is in accordance with:

Sequence length Number of roots
36 to 60 30

72 to Ly 60

Lz to L3 Fz(Lz)

L,-1 to L, Fn-l(l—n-l)
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where the function F.(L,) value is not larger than the available number of roots for

a sequence length L.

[00202] Optionally, the size of the set of roots is in accordance with:

length 36-60 | 72-120 | 144 and above

Max #Roots 30 60 120

[00203] Optionally, the size of the set of roots is in accordance with:

ZC Length 36-60 72-96 108-120 144 and above

Max # Roots 30 60 90 120

[00204] Optionally, the size of the set of roots is in accordance with:

ZC length 36-60 72-96 108 and above

Max #Roots 30 60 90

[00205] Optionally, for any of the above described embodiments, the roots are
in accordance with one of the formulas in the section of the description entitled R1-

1712239.

[00206] Optionally, for any of the above described embodiments, the set of

roots containing greater than 60 roots comprise a first set of N roots roughly
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uniformly placed over a ZC sequence length, with sequence hopping to generate

additional roots.

[00207] Optionally, for any of the above described embodiments, the set of
roots containing greater than 60 roots comprise a roots roughly uniformly placed

over a ZC sequence length.

[00208] Optionally, for any of the above described embodiments, the method
further comprises configuring at least one UE with a full length ZC sequence and

another UE with a truncated ZC sequence in the same cell.

[00209] Optionally, the method further comprises using a unified method for
sequence root generation for both full length ZC sequences and truncated ZC
sequences. By using a unified method, a simplified implementation can be

achieved compared to needing to implement two different methods.

[00210] Optionally, the unified method comprises: using roots for truncated zZC
sequence based on results of a computer search; using roots for full length ZC
sequence transmission based on a mapping of the roots selected for truncated zZC

design proportionally to each full length ZC sequence length.

[00211] Optionally, for any of the above described embodiments, the method
further comprises generating roots for full length ZC sequences using either of the

following methods P1 and P2 to generate ZC root for each SRS sequence length.

. P1: Similar root selection principle as in LTE using
sequence hopping for sequence length larger than 60. In this case, ZC
sequence root q is given by (corresponding to root number distribution the
second example above, repeated here):
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P1-1)

P1-2)

ve{-1012}.

144

ve {O,l}.

length 36-60|72-120 | 144 and above

Max #Roots | 30 60 . 120

For SRS sequence length 36-60:

g=|g+1/2] where g=NX .(u+1)/31 and uc{01,...,29}.

For SRS sequence length 72-120:

q=|g+1y2]+v-(-DP7Iwhere 7= N2 -(u+1)/31 , uc{0.1.....29}, and ve{0,1}.
For SRS sequence length larger or equal to 144:

q=|g+12]+v-(-1)P7) where F=NX.@+1)/31 , uef{,l...29} , and

An alternative of P1-3) For SRS SRS sequence length larger or equal to

g=|g+1/2]+v- -7 where g=Ns-(u+1)/67 , ue{0l..59} , and

P2: Equal interval between two subsequent roots for any SRS

sequence length. In this case, the ZC sequence root q is given by:

P2-1)

P2-2)

For SRS sequence length 36-60:
g=|7+1/2| where §=N¥ . (u+1)/31 and uc{.l....,29}.
For SRS sequence length 72-120:

g=|g+1/2] where g=NX.(u+1)/71 , uec{.1.....59}.
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P2-3) For SRS sequence length larger or equal to 144:

- g=|g+1/2] where §=NZ.-(u+1)/139 , uc{0.1,....119}.

where:

where NE is the ZC sequence length (the largest prime number below the SRS

sequence length, for example, for SRS sequence length of 60, NE is 59);

the parameter u is called the sequence group number and the
parameter v is called the number within the group; and parameter u and v jointly

determines the sequence root q;

the number of roots is determined by u and v, specifically it is the
product of the number of possible values of u and the number of possible values of

\Z

in solution P2, there is no v, and root q is determined by u.

[00212] Optionally, any of the above described embodiments further comprises
maintaining a table mapping sequence ID to root position, where root position

refers to a position within a set of roots found by computer search.

[00213] Optionally, for any of the above described embodiments, the method
further comprises for truncated ZC design, configuring a UE with UE-specific
parameter indicating a tree-like bandwidth allocation structure to use for bandwidth

allocation.

[00214] Optionally, for any of the above described embodiments, the method

further comprises for truncated ZC design, configuring a UE with UE-specific
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parameter or bandwidth part specific parameter indicating a tree-like bandwidth

allocation structure to use for bandwidth allocation.

[00215] Optionally, for any of the above described embodiments, the method
further comprising for a full length ZC sequence, configuring a UE with a UE-specific
or bandwidth part specific parameter indicating a tree-like bandwidth allocation

structure to use for bandwidth allocation.

[00216] Optionally, two UEs in a cell using the same bandwidth part are
configured with the same parameter indicating a tree-like bandwidth allocation
structure to use for bandwidth allocation. This implies bandwidth-part (BWP)
specific reference symbol configuration: different UEs in a BWP have the same

configuration.

[00217] Optionally, the parameter has equal to or greater than 8 possible
values for a cell or a group of UEs with a same ZC sequence, indicating a
corresponding equal to or greater than 8 possible tree-like bandwidth allocation
structures. An advantage of a larger number of tree-structures is more flexible SRS
bandwidth allocation, and larger granularity for SRS band size. More possible SRS
band sizes means the UE can have more options for power spectrum density of SRS

for different pathloss scenarios.

[00218] Optionally, for any of the above described embodiments, the method
further comprises configuring the UE with an indication of a level of the tree-like
bandwidth allocation structure which corresponds to the UEs sounding reference

signal bandwidth size.

[00219] Optionally, the indication can have one of a set of equal to or greater

than 4 possible values for a tree-like bandwidth allocation structure . More possible
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bandwidth sizes means the UE can have more options for power spectrum density

of SRS for different pathloss scenarios.

[00220] Optionally, for any of the above described embodiments, the method
further comprises configuring a UE to use truncated ZC sequence for sounding
reference signal transmission; performing a bandwidth allocation for reference

signal transmission based on tree-like bandwidth allocation structures.

[00221] Optionally, performing a bandwidth allocation for reference signal
transmission based on tree-like bandwidth allocation structures comprises using
multiple tree-like bandwidth allocation structures simultaneously in one bandwidth
part. Allocation using multiple tree-like bandwidth allocation structures means for
each UE, it can have more options for bandwidth size, and hence more options for

power spectrum density to accommodate more pathloss scenarios.

[00222] Optionally, for any of the above described embodiments, the method
further comprising configuring a UE to use truncated ZC sequence for sounding
reference signal transmission; performing a bandwidth allocation for reference
signal transmission that is not based on a tree-like bandwidth allocation structure,
and using higher layer signalling to indicate a bandwidth allocation. This provides

more flexibility in bandwidth configuration.

[00223] Optionally, for any of the above described embodiments, the method
further comprises: configuring a UE to use a truncated ZC sequence for sounding
reference signal transmission, with frequency hopping; configuring the ZC sequence
length to change from one hop to another, at least some of the time, if non-tree-
like bandwidth allocation structure of bandwidth configuration is used; configuring
the ZC sequence frequency location in each hop, if non-tree-like bandwidth

allocation structure of bandwidth configuration is used.
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[00224] Optionally, for any of the above described embodiments, the method
further comprises for truncated ZC design, using bandwidth allocation based on
tree-like bandwidth allocation structures and based on non-tree-like bandwidth

allocation structures for a group of UEs with the same sequence ID.

[00225] Optionally, for any of the above described embodiments, the method
further comprises performing bandwidth allocation for sounding reference signal
transmission using truncated ZC sequences, subject to a constraint on overlapped

bandwidth to ensure orthogonality.

[00226] Optionally, bandwidth allocation is performed using multiple tree-like

bandwidth allocation structures that satisfy the constraint.

[00227] Optionally, bandwidth allocation is performed at least one non-tree-like

bandwidth allocation structure that satisfy the constraint.

[00228] Optionally, for any of the above described embodiments, the method
further comprises combining sounding reference signal frequency hopping and

antenna switching.

[00229] Optionally, for any of the above described embodiments, antenna
switching takes place at a slot level (between adjacent SRS slots), and sounding
reference signal frequency hopping takes place at a symbol level (between adjacent
SRS symbols within a slot). Optionally, for any of the above described embodiments,
antenna switching takes place at a symbol level, and sounding reference signal

frequency hopping takes place at a slot level.

[00230] The advantage of SRS frequency hopping at the symbol level and
antenna switching at slot level is there is no need for some time gaps to

accommodate hardware switching time between antenna ports. Slot level antenna
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switching may require a longer time interval between two antenna switching. With
SRS frequency hopping at the slot level and antenna switching at symbol level,
some gaps may be needed between two consecutive symbols for hardware

switching time.

[00231] Optionally, for any of the above described embodiments, the method
further comprises receiving a sounding reference signal in accordance with the

configuration.

[00232] According to another aspect of the present disclosure, there is
provided a method in a user equipment (UE) comprising: receiving signalling to
configure the UE with a UE specific root to use in generating a Zadoff Chu (ZC)
sequence for reference signal transmission; transmitting a reference signal in

accordance with the received configuration.

[00233] Optionally, the UE specific root for the UE is selected from a set of

roots containing greater than 60 roots.

[00234] Optionally, the UE specific root for the UE is selected from a set of
roots wherein the size of the set of roots is a function of ZC sequence length, and

for at least one ZC sequence length, the size of the set of roots is greater than 60.

[00235] Optionally, the size of the set of roots is in accordance with:

Sequence length Number of roots
36 to 60 30

72 to L1 60

L, to Ls Fa(L2)
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L n-1 tO Ln

Fn—l(l—n—l)

where the function F.(L,) value is not larger than the available number of roots for

a sequence length L.

[00236]

[00237] Optionally, the size of the set of roots is in accordance with:

ZC length | 36-

60| 72-120

144 and above

Max #Roots 30

60

120

Optionally, the size of the set of roots is in accordance with:

ZC Length 36-30 72-96 108-120 144 and
above
Max # Roots 30 60 90 120

[00238] Optionally, the size of the set of roots is in accordance with:

ZC length

36-60

72-96

108 and above

Max #Roots

30

60

90
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[00239] Optionally, the set of roots containing greater than 60 roots comprise a
first set of N roots roughly uniformly placed over a ZC sequence length, with

sequence hopping to generate additional roots.

[00240] Optionally the set of roots containing greater than 60 roots comprises

roots roughly uniformly placed over a ZC sequence length without sequence

hopping.

[00241] Optionally, at least one UE is configured with a full length ZC sequence

and another UE is configured with a truncated ZC sequence in a same cell.

[00242] Optionally, the method further comprises using a unified method for
sequence root generation for both full length ZC sequences and truncated ZC

sequences.

[00243] Optionally, the unified method comprises: using roots for truncated zZC
sequence based on results of a computer search; using roots for full length ZC
sequence transmission based on a mapping of the roots selected for truncated zZC

design proportionally to each full length ZC sequence length.

[00244] Optionally, roots for full length ZC sequences are generated using
either of the following methods P1 and P2 to generate ZC roots for each SRS

sequence length.

P1-1) For SRS sequence length 36-60:
- g=|g+1/2] where g=N}3-(u+1)/31 and ue{0.1,....,29}.
P1-2) For SRS sequence length 72-120:

- q=|g+1y2]+v--DPwhere 7= N2 -(u+1)/31 , ue{0.l.....29}, and ve{o}.
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P1-3 For SRS sequence length larger or equal to 144:

- q=|g+1y2]+v--)P7) where g=N¥.@+1)/31 , we{.l..29}, and

ve{-1012}.
OR
P1-3) For SRS SRS sequence length larger or equal to 144

; g=|g+1/2]+v- -7 where g=Ns-(u+1)/67 , ue{0l..59} , and

ve {O,l}.

P2-1) For SRS sequence length 36-60:

- g=|g+1/2] where §=NX.(u+1)/31 and ue{,l.....29}.
P2-2) For SRS sequence length 72-120:

- g=|g+1/2] where g=NX.(u+1)/71 , uec{0.1,...,59}.
P2-3) For SRS sequence length larger or equal to 144:

- g=|g+1/2] where g=NZ -(u+1)/139 , uc{,1....,119}
where:

- NES is the ZC sequence length (the largest prime number below the

SRS sequence length, for example, for SRS sequence length of 60, NF§ is 59);

- the parameter u is called the sequence group number and the

parameter v is called the number within the group;

parameters u and v jointly determines the sequence root q;
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- the number of roots is determined by u and v, specifically it is the

product of number of possible values of u and number of possible values of v;

o In solution P2, there is no v, and root q is determined by u.

[00245] Optionally, the method further comprises maintaining a table mapping
sequence ID to root position, where root position refers to an index within a set of

roots found by computer search.

[00246] Optionally, the method further comprises: for truncated ZC design,
receiving signaling to configure a UE-specific or bandwidth-specific parameter
indicating a tree-like bandwidth allocation structure to use for bandwidth allocation

for reference signal transmission.

[00247] Optionally, the method further comprises: for a full length zZC
sequence, receiving signaling to configure a UE-specific or bandwidth part specific
parameter indicating a tree-like bandwidth allocation structure to use for bandwidth

allocation for reference signal transmission.

[00248] Optionally, two UEs in a cell using the same bandwidth part are
configured with the same parameter indicating a tree-like bandwidth allocation

structure to use for bandwidth allocation for reference signal transmission.

[00249] Optionally, the parameter has equal to or greater than 8 possible
values for a cell or a group of UEs with the same sequence ID indicating a
corresponding equal to or greater than 8 possible tree-like bandwidth allocation

structures.
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[00250] Optionally, the method further comprises: receiving signaling to
configure of an indication of a level of the tree-like bandwidth allocation structure
which corresponds to the size of a bandwidth allocation for reference signal

transmission.

[00251] Optionally, the indication has one of a set 4 or more possible values for

a tree-like bandwidth allocation structure.

[00252] Optionally, the method further comprises: receiving signaling to
configure the UE to use a truncated ZC sequence for sounding reference signal
transmission; receiving signaling of a bandwidth allocation for reference signal

transmission based on tree-like bandwidth allocation structures.

[00253] Optionally, the bandwidth allocation for reference signal transmission
based on tree-like bandwidth allocation structures uses multiple tree-like bandwidth

allocation structures simultaneously in one bandwidth part.

[00254] Optionally, the method further comprises: receiving signaling to
configure the UE to use a truncated ZC sequence for sounding reference signal
transmission; receiving higher signalling of a bandwidth allocation for reference

signal transmission that is not based on a tree-like bandwidth allocation structure.

[00255] Optionally, the method further comprises: receiving signaling to
configure the UE to use a truncated ZC sequence for sounding reference signal
transmission, with frequency hopping; receiving signaling instructing the UE to
change the ZC sequence from one hop to another, at least some of the time;

receiving signaling indicating of ZC sequence frequency location in each hop.
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[00256] Optionally, the method further comprises receiving signaling of a
bandwidth allocation for sounding reference signal transmission using truncated zZC

sequences, subject to a constraint on overlapped bandwidth to ensure orthogonality.

[00257] Optionally, bandwidth allocation is performed using multiple tree-like

bandwidth allocation structures that satisfy the constraint.

[00258] Optionally, bandwidth allocation is performed using at least one non-

tree-like bandwidth allocation structure that satisfies the constraint.

[00259] Optionally, the method further comprises combining sounding

reference signal frequency hopping and antenna switching.

[00260] Optionally antenna switching takes place at a slot level, and sounding

reference signal frequency hopping takes place at a symbol level.

[00261] Optionally, antenna switching takes place at a symbol level, and

sounding reference signal frequency hopping takes place at a slot level.

[00262] Optionally, the method further comprises transmitting a sounding

reference signal in accordance with the configuration.

[00263] According to another aspect of the present disclosure, there is
provided a base station configured to perform the actions according to the method

embodiments as discussed above.

[00264] According to another aspect of the present disclosure, there is provided a
user equipment (UE) configured to perform the actions according to the method

embodiments as discussed above.
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[00265] Although a combination of features is shown in the illustrated
embodiments, not all of them need to be combined to realize the benefits of various
embodiments of this disclosure. In other words, a system or method designed
according to an embodiment of this disclosure will not necessarily include all of the
features shown in any one of the Figures or all of the portions schematically shown
in the Figures. Moreover, selected features of one example embodiment may be

combined with selected features of other example embodiments.

[00266] While this disclosure has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense.

Various modifications and combinations of the illustrative embodiments, as well as
other embodiments of the disclosure, will be apparent to persons skilled in the art
upon reference to the description. It is therefore intended that the appended

claims encompass any such modifications or embodiments.
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Claims:

1. A method comprising:

transmitting signalling to configure a user equipment (UE) with a UE
specific root to use in generating a Zadoff Chu (ZC) sequence for reference signal

transmission.

2. The method of claim 1 further comprising selecting the UE specific root

for the UE from a set of roots containing greater than 60 roots.

3. The method of claim 1 comprising selecting the UE specific root for the
UE from a set of roots wherein the size of the set of roots is a function of ZC
sequence length, and for at least one ZC sequence length, the size of the set of

roots is greater than 60.

4, The method of claim 3 wherein the size of the set of roots is in

accordance with:

Sequence length Number of roots
36 to 60 30

72 to L4 60

L, to Ls Fa(Ly)

L..1 to L, Fn—l(l—n—l)
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where the function F,(L,) value is not larger than the available number of

roots for a sequence length L,.

5. The method of claim 3 wherein the size of the set of roots is in

accordance with:

ZC length | 36-60 | 72-120 | 144 and above

Max #Roots 30 60 120

6. The method of claim 2 wherein the set of roots containing greater than
60 roots comprises roots roughly uniformly placed over a ZC sequence length

without sequence hopping.

7. The method of claim 1 further comprising generating roots for full

length ZC sequences for each SRS sequence length according to:

if SRS sequence length is between 36-60:

g=|g+1/2] where §=NX.(u+1)/31 and ue{0,....,29};

If SRS sequence length is between 72-120:

q=|g+12|+v-(-nP7where g=N3-(u+1)/31 , ue{0.1,...,29}, and ve {.1};
If SRS sequence length is larger or equal to 144:
a=[T+12)+v (D ypare T=Noc-@+D/31 61 501 OR

If SRS sequence length is larger or equal to 144:
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q=|7+12]+v-(-Dwhere §=NS-(u+1)/67 , ue{0]l,...59}, and ve {01};
where:

NES is the ZC sequence length equal to the largest prime number below

the SRS sequence length;

the parameter u is called the sequence group number and the

parameter v is called the number within the group;

parameters u and v jointly determine the sequence root g as the

product of number of possible values of u and number of possible values of v.

8. The method of claim 1 further comprising generating roots for full

length ZC sequences for each SRS sequence length according to:

If SRS sequence length is between 36-60:

- q=|g+1/2] where 7=NX.(u+1)/31 and u<{0,,....29};

If SRS sequence length is between 72-120:

- g=|g+1/2] where §=NX.(u+1)/71 , uefl,....59};
If SRS sequence length is larger or equal to 144:

- g=|g+1/2] where g =NX.(u+1)/139 , uc{0.1.....119};
where:

NES is the ZC sequence length equal to the largest prime number below

the SRS sequence length;
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the parameter u is called the sequence group number and root q is

determined by u.

9. The method of claim 1 further comprising:

configuring a UE to use a truncated ZC sequence for sounding

reference signal transmission;

performing a bandwidth allocation for reference signal transmission

based on tree-like bandwidth allocation structures.

10. The method of claim 9 wherein performing a bandwidth allocation for
reference signal transmission based on tree-like bandwidth allocation structures
comprises using multiple tree-like bandwidth allocation structures simultaneously in

one bandwidth part.

11. The method of claim 1 further comprising:

configuring a UE to use a truncated ZC sequence for sounding

reference signal transmission;

performing a bandwidth allocation for reference signal transmission
that is not based on a tree-like bandwidth allocation structure , and using higher

layer signalling to indicate a bandwidth allocation.

12. The method of claim 1 further comprising performing bandwidth
allocation for sounding reference signal transmission using truncated ZC sequences
with one or multiple tree like bandwidth allocation structures or with non-tree like
bandwidth allocation structures, subject to a constraint on overlapped bandwidth to

ensure orthogonality.
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13. The method of claim 1 further comprising receiving a sounding

reference signal in accordance with the configuration.

14, A method in a user equipment (UE) comprising:

receiving signalling to configure the UE with a UE specific root to use in

generating a Zadoff Chu (ZC) sequence for reference signal transmission;

transmitting a reference signal in accordance with the received

configuration.

15. The method of claim 14 further wherein the UE specific root for the UE

is selected from a set of roots containing greater than 60 roots.

16. The method of claim 14 wherein the UE specific root for the UE is
selected from a set of roots wherein the size of the set of roots is a function of ZC
sequence length, and for at least one ZC sequence length, the size of the set of

roots is greater than 60.

17. The method of claim 16 wherein the size of the set of roots is in

accordance with:

Sequence length Number of roots
36 to 60 30

72 to L1 60

L2 to L3 F2(L2)

Ln(n-1) to Ln Fn(L(n-1))
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where the function Fn(Ln) value is not larger than the available number of

roots for a sequence length Ln.

18. The method of claim 16 wherein the size of the set of roots is in

accordance with:

ZC length | 36-60 | 72-120 | 144 and above

Max #Roots 30 60 120

19. The method of claim 15 wherein the set of roots containing greater
than 60 roots comprises roots roughly uniformly placed over a ZC sequence length

without sequence hopping

20. The method of claim 14 wherein roots for full length ZC sequences for

each SRS sequence length are according to:

if SRS sequence length is between 36-60:

g=|g+1/2] where §=NX.(u+1)/31 and ue{0,....,29};
If SRS sequence length is between 72-120:

q=|g+12|+v-(-nP7where g=N3-(u+1)/31 , ue{0.1,...,29}, and ve {.1};
If SRS sequence length is larger or equal to 144:
a=[T+12)+v (D ypare T=Noc-@+D/31 61 501 OR

If SRS sequence length is larger or equal to 144:
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q=|7+12]+v-(-Dwhere §=NS-(u+1)/67 , ue{0]l,...59}, and ve {01};
where:

NES is the ZC sequence length equal to the largest prime number below

the SRS sequence length;

the parameter u is called the sequence group number and the

parameter v is called the number within the group;

parameters u and v jointly determine the sequence root g as the

product of number of possible values of u and number of possible values of v.

21. The method of claim 14 wherein roots for full length ZC sequences for

each SRS sequence length are according to:

If SRS sequence length is between 36-60:

- g=|g+1/2| where g=N.(u+1)/31 and uc{.1,...,29};

If SRS sequence length is between 72-120:

- g=|g+1/2] where §=NX.(u+1)/71 , uefl,....59};
If SRS sequence length is larger or equal to 144:

- g=|g+1/2] where g =NX.(u+1)/139 , uc{0.1.....119};
where:

NES is the ZC sequence length equal to the largest prime number below

the SRS sequence length;
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the parameter u is called the sequence group number and root q is

determined by u.

22. The method of claim 14 further comprising:

receiving signaling to configure the UE to use a truncated ZC sequence

for sounding reference signal transmission;

receiving signaling of a bandwidth allocation for reference signal

transmission based on tree-like bandwidth allocation structures.

23. The method of claim 22 wherein the bandwidth allocation for reference
signal transmission based on tree-like bandwidth allocation structures uses multiple

tree-like bandwidth allocation structures simultaneously in one bandwidth part.

24. The method of claim 14 further comprising:

receiving signaling to configure the UE to use a truncated ZC sequence

for sounding reference signal transmission;

receiving higher signalling of a bandwidth allocation for reference

signal transmission that is not based on a tree-like bandwidth allocation structure.

25. The method of claim 14 further comprising receiving signalling of a
bandwidth allocation for sounding reference signal transmission using truncated zZC
sequences with one or multiple tree like bandwidth allocation structures or with
non-tree like bandwidth allocation structures, subject to a constraint on overlapped

bandwidth to ensure orthogonality.

26. The method of claim 14 further comprising transmitting a sounding

reference signal in accordance with the configuration.
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27. A base station comprising:

a processor, memory, transmitter and receiver;

the base station configured to transmit signalling to configure a user
equipment (UE )with a UE specific root to use in generating a Zadoff Chu (ZC)
sequence for reference signal transmission, and to receive reference signal

transmission based on the configuration.

28. The base station of claim 27 further configured to select the UE

specific root for the UE from a set of roots containing greater than 60 roots.

29. The base station of claim 27 further configured to select the UE
specific root for the UE from a set of roots wherein the size of the set of roots is a
function of ZC sequence length, and for at least one ZC sequence length, the size of

the set of roots is greater than 60.

30. The base station of claim 29 wherein the size of the set of roots is in

accordance with:

Sequence length Number of roots
36 to 60 30

72 to L 60

L, to Ls Fa(Ly)

L..1 to L, Fn—l(l—n—l)
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where the function F,(L,) value is not larger than the available number of

roots for a sequence length L,.

31. The base station of claim 29 wherein the size of the set of roots is in

accordance with:

ZC length | 36-60 | 72-120 | 144 and above

Max #Roots 30 60 120

32. The base station of claim 28 wherein the set of roots containing
greater than 60 roots comprises roots roughly uniformly placed over a ZC sequence

length without sequence hopping.

33. The base station of claim 27 further configured to generate roots for

full length ZC sequences for each SRS sequence length according to:

if SRS sequence length is between 36-60:

g=|7+1/2| where g=N2.(u+1)/31 and uc{0,l,....29};

If SRS sequence length is between 72-120:

g=|g+12|+v-(-DP?where g=NX . (u+1)/31 , uc{.1,...,29}, and ve {.1};
If SRS sequence length is larger or equal to 144:
q=7+1/2J+v- D e T=NE-@HD/3L 61 29): OR

If SRS sequence length is larger or equal to 144:

q=|g+1y2]+v-(-p"where §=N, - w+1)/67 , ue{0l,....59}, and ve {0.1};
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where:

NE is the ZC sequence length equal to the largest prime number below

the SRS sequence length;

the parameter u is called the sequence group number and the

parameter v is called the number within the group;

parameters u and v jointly determine the sequence root g as the

product of number of possible values of u and number of possible values of v.

34. The base station of claim 27 further configured to generate roots for

full length ZC sequences for each SRS sequence length according to:

If SRS sequence length is between 36-60:

- g=|g+1/2] where §=NX.(u+1)/31 and ue{0,l,....29};

If SRS sequence length is between 72-120:

- g=|g+1/2] where g=N2.-(u+1/71 , ue{.1,....39};
If SRS sequence length is larger or equal to 144:

- g=|g+1/2] where g=NX.(u+1)/139 , uec{0.l.....119};
where:

NES is the ZC sequence length equal to the largest prime number below

the SRS sequence length;

the parameter u is called the sequence group number and root q is

determined by u.
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35. The base station of claim 27 further configured to:

configure a UE to use a truncated ZC sequence for sounding reference

signal transmission;

perform a bandwidth allocation for reference signal transmission based

on tree-like bandwidth allocation structures.

36. The base station of claim 35 configured to perform a bandwidth
allocation for reference signal transmission based on tree-like bandwidth allocation
structures by using multiple tree-like bandwidth allocation structures

simultaneously in one bandwidth part.

37. The base station of claim 27 further configured:

configure a UE to use a truncated ZC sequence for sounding reference

signal transmission;

perform a bandwidth allocation for reference signal transmission that
is not based on a tree-like bandwidth allocation structure , and use higher layer

signalling to indicate a bandwidth allocation.

38. The base station of claim 27 further configured to perform bandwidth
allocation for sounding reference signal transmission using truncated ZC sequences
with one or multiple tree like bandwidth allocation structures or with non-tree like
bandwidth allocation structures, subject to a constraint on overlapped bandwidth to

ensure orthogonality.

39. The base station of claim 27 further configured to receive a sounding

reference signal in accordance with the configuration.
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40. A user equipment (UE) comprising:

a processor, memory, transmitter and receiver;

the UE configured to receive signalling to configure the UE with a UE specific
root to use in generating a Zadoff Chu (ZC) sequence for reference signal
transmission, and to transmit a reference signal in accordance with the received

configuration.

41, The UE of claim 40 wherein the UE specific root for the UE is selected

from a set of roots containing greater than 60 roots.

42, The UE of claim 40 wherein the UE specific root for the UE is selected
from a set of roots wherein the size of the set of roots is a function of ZC sequence
length, and for at least one ZC sequence length, the size of the set of roots is

greater than 60.

43. The UE of claim 42 wherein the size of the set of roots is in accordance
with:

Sequence length Number of roots

36 to 60 30

72 to L1 60

L2 to L3 F2(L2)

Ln(n-1) to Ln Fn(L(n-1))
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where the function Fn(Ln) value is not larger than the available number of

roots for a sequence length Ln.

44, The UE of claim 42 wherein the size of the set of roots is in accordance

with:

ZC length | 36-60 | 72-120 | 144 and above

Max #Roots 30 60 120

45, The UE of claim 41 wherein the set of roots containing greater than 60
roots comprises roots roughly uniformly placed over a ZC sequence length without

sequence hopping

46. The UE of claim 40 wherein roots for full length ZC sequences for each

SRS sequence length are according to:

if SRS sequence length is between 36-60:

g=|7+1/2| where g=N2.(u+1)/31 and uc{0,l,....29};

If SRS sequence length is between 72-120:

g=|g+12|+v-(-DP?where g=NX . (u+1)/31 , uc{.1,...,29}, and ve {.1};
If SRS sequence length is larger or equal to 144:
q=7+1/2J+v- D e T=NE-@HD/3L 61 29): OR

If SRS sequence length is larger or equal to 144:

q=|g+1y2]+v-(-p"where §=N, - w+1)/67 , ue{0l,....59}, and ve {0.1};
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where:

NE is the ZC sequence length equal to the largest prime number below

the SRS sequence length;

the parameter u is called the sequence group number and the

parameter v is called the number within the group;

parameters u and v jointly determine the sequence root g as the

product of number of possible values of u and number of possible values of v.

47. The UE of claim 40 wherein roots for full length ZC sequences for each

SRS sequence length are according to:

If SRS sequence length is between 36-60:

- g=|g+1/2] where §=NX.(u+1)/31 and ue{0,l,....29};

If SRS sequence length is between 72-120:

- g=|g+1/2] where g=N2.-(u+1/71 , ue{.1,....39};
If SRS sequence length is larger or equal to 144:

- g=|g+1/2] where g=NX.(u+1)/139 , uec{0.l.....119};
where:

NES is the ZC sequence length equal to the largest prime number below

the SRS sequence length;

the parameter u is called the sequence group number and root q is

determined by u.
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48. The UE of claim 40 further configured to:

receive signaling to configure the UE to use a truncated ZC sequence

for sounding reference signal transmission;

receive signaling of a bandwidth allocation for reference signal

transmission based on tree-like bandwidth allocation structures.

49, The UE of claim 48 wherein the bandwidth allocation for reference
signal transmission based on tree-like bandwidth allocation structures uses multiple

tree-like bandwidth allocation structures simultaneously in one bandwidth part.

50. The UE of claim 40 further configured to:

receive signaling to configure the UE to use a truncated ZC sequence

for sounding reference signal transmission;

receive higher signalling of a bandwidth allocation for reference signal

transmission that is not based on a tree-like bandwidth allocation structure.

51. The UE of claim 40 further configured to receive signalling of a
bandwidth allocation for sounding reference signal transmission using truncated zZC
sequences with one or multiple tree like bandwidth allocation structures or with
non-tree like bandwidth allocation structures, subject to a constraint on overlapped

bandwidth to ensure orthogonality.

52. The UE of claim 40 further configured to transmit a sounding reference

signal in accordance with the configuration.
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