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RATE MATCHING RESOURCE MAPPING IN WIRELESS
COMMUNICATIONS

TECHNICAL FIELD

The present document relates to wireless communications.

BACKGROUND
Mobile communication technologies are moving the world toward an increasingly
connected and networked society. The rapid growth of mobile communications and advances
in technology have led to greater demand for capacity and connectivity.  Other aspects, such as
energy consumption, device cost, spectral efficiency, and latency are also iraportant to meeting
the needs of various communication scenarios. Various techniques, including new ways to
provide higher quality of service, longer battery life, and improved bandwidth performance are

being discussed.

SUMMARY

The present document describes techniques that can be used in various embodiments
for signaling of rate matching resources in a wireless system deployment in which multiple
transmission reception points provide communication connectivity to mobile terrinals.

In one example aspect, a method of wireless communication is disclosed. The method
includes grouping, by a network device, rate matching resources into a plurality of first groups
for communication with a wireless terminal and transmitting a channel control indicator
identifying at least a first group from the plurality of first groups of rate matching resources.

In another example aspect, another method of wireless communication is disclosed.
The method includes receiving, at a wireless terrninal, a channel control indicator identifying at
least a first group of rate matching resources from a plurality of rate matching resources and
receiving a transmission from a network device by rate matching around some rate matching

resources of the first group of rate matching resources indicated by the channel control indicator.
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In yet another example aspect, another method of wireless communication is
disclosed. The method includes receiving, by a wireless terminal, a medium access control
(MAC) laver control element indicative of one or more transmission configuration states to be
used by the wireless terminal, determining, using a mapping, a rate matching resource group
from a plurality of rate matching resource groups corresponding to the one or more transmission
configuration states and performing rate matching around rate matching resources corresponding
to the one or more transmission configuration states indicated by the MAC control element.

In yet another example aspect, another method of wireless commumnication is
disclosed. The method includes transmitting, by a network device, a MAC layer control element
indicative of one or more transmission configuration states to be used by a wireless terminal,
wherein a mapping defines a correspondence between a rate matching resource from a plurality
of rate matching resource groups, wherein the rate matching resources are rate matched around
for shared data channel transmissions from the network device to the wireless terminal, and
conumunicating the mapping to the wireless terminal in a radio resource link layer message.

In vet another aspect, one or more of the above-described methods may be
implemented by a wireless communications apparatus that includes a processor.

In yet another aspect, the above-described methods may be embodied as
processor-executable code and stored on a computer readable mediom.

These, and other, features are described in the present document.

BRIEF DESCRIPTION OF THE DRAWINGS
FI1G. 1 shows an example of a single point transmission configuration.
F1G. 2 shows an example of a multi-transmission reception point (TRP)
configuration.
FiG. 3 shows an example of a transmission configuration indication (TCh)
ernbodiment.
FIG. 4 shows an example of a TCI configuration process.

FIG. 5 shows an example of a TCI configuration that includes two Quasi Colocation
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{(QQCL) RS sets.
F1G. 6 is a block diagram showing an example embodiment of a wireless
communication device.
FIG. 7 shows a flowchart for an example method of wireless communication.
FIG. 8 shows a flowchart for another example method of wireless communication.
FIG. 9 shows a flowchart for another example method of wireless communication.

FIG. 10 shows a flowchart for another example method of wireless communication.

DETAILED DESCRIPTION

Section headings are used in the present document only for ease of understanding and
do not Hmit scope of the embodiments described in each section only to that section.
Furthermore, while 3G terminology is used for easy understanding, the scope of the disclosed
technology is not litoited to 3G networks only.

Brief DHscussion

Traditional wireless systerns provided for wireless network conpectivity between
mobile terminals and network-side devices between a single transmission point on the network
side (e.g., a base station, eNodeB or gNB) and the mobile terminal.  In such cases, for
transmissions from the network device to the mobile terminals, sometimes called downlink
transmissions, various standards define arrangement of different time-frequency resources into
multiple channels having different purpose. For exarople, certain time/frequency resources may
be used for transmission of physical downlink shared channel (PDSCH) messages to mobile
terminals.

However, in practice, as further explained below, some time-frequency resources may
be excluded from use for PDSCH transmission to a particular mobile terminal. Therefore, when
receiving such transmissions, the mobile terminal is expected to perform rate matching around
the excluded resources, or the rate matching resources.

Currently, there is work undertaken by the Third Generation Partnership Project

(3GPP) to define protocols and transmission/reception rules for next generation of wireless
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networks. In the current standard of the NR (new radio) specification, called Release-15 (or
Rel-15 or R15), networks are allowed to provide transmissions to mobile terminals using
multiple transmission reception points (TRPs) that work in coordination with each other.
However, in Release-15, many features of multi-TRP (fransmission receive point) joint
transmission are not fully discussed due to tme constraints. Therefore, the current NR version
does not support data transmission to the same user by multiple TRPs. That is, in the current
version of the standard, only single TRP transmission to a mobile terminal or user equipment
(UE) is supported.

For multi-TRP transmission, rate matching resources may in general be different than
single TRP transmission. However, in the 3G wireless protocol, the current version of the
standard, Rel-15, does not support rate maiching resource indication for mult-TRP
(ransimissions.

During operation in a single TRP transmission mode, the base station indicates to the
UE some resources for rate matching of data transmission through high layer signaling
configuration or dynamic sigoaling. These resources are often used for important signals that the
base station uses to transmit to other UEs. Since the important signals sent to other UEs and the
downlink data of the UE are sent by the same base station, which may cause serious interference
with each other, the resources configured or indicated cannot be used for downlink data
transmuission of the UE, that is, the UE 1s receiving data. Rate matching is required on these
FESOUICes.

One problem with the current framework is that it is not known how to signal rate
matching resources for multiple TRPs using the currently available formats of channel indicator
messages such as Downlink Control Information {DCI) formats specified by the 3GPP standard.
Furthermore, current technigues do not take into account gquasi co-location ((QCL) operation and
provide for corresponding signaling of rate matching resources.

The vartous technigues described in the present document asing various embodiment

examples may be used in wireless implementations to overcome these shortcomings of current
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technology, and others.

Example Embodiment 1

The design of the NR release 15 is a single point (single TRP) transmission. As
shown in FIG. 1, TRPO is the serving base station of the UE, and notifies the UE of some rate
matching resources, that is, these resources canmnot be used for PDSCH transmission (not
avatlable for PDSCH).

Generally, the rate matching resources may include a serving cell or a rate matching
resource configured under the Component Carrier (CC), such as a rate matching pattern st
(rateMatchPattern ToAddModList or rateMatchPatternToReleaselist) and an LTE CRS
(Cell-specific Reference Signal) resource (lte-CRS-ToMatchAround). Semi-statically, these
resources are not available for PDSCH transmission.

The rate matching resources may also inclade a rate matching resource configured
under BWP (Band Width Part), such as a rate matching pattern st
{rateMatchPattern ToAddModiist or rateMatchPatternToReleaselist), a periodic zerc power
CSI-RS  (Channel  State Information  Reference  Signal)  resource  set list
(p-ZP-CSI-RS-ResourceSet), Semi-persistent  zero-power CSI-RS  resource  set  list
(sp-ZP-CS1-RS-ResourceSetsToAddModList).  Semi-statically, those resources (except some
rate matching patterns included in rate matching pattern groups) are not available for PDSCH
transmission scheduled by DCI format |1

N ERB

In addition, current N, ° is the overhead configured by higher layer parameter

xOverhead in PDSCH-ServingCellConfig, this parameter can also be one kind of rate matching
parameter.

In addition, the rate matching resource configured in the BWP further includes a rate
matching pattern group 1| (rateMatchPatternGroupl), a rate matching pattern group 2
(rateMatchPatternGroup2), and aun aperiodic zero power CSI-RS resource set list
{aperiodic-ZP-CSI-R5-ResourceSetsToAddModList). The | or 2 bit Rate matching indicator in

the DCI is used to indicate whether the PDSCH scheduled by the DCI is transmitted on the
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resources included in the rate matching pattern group 1 and the rate matching pattern group 2. At
the same time, the Ist or 2nd bit ZP CSI-RS trigger in the DCT is used to indicate which ZP
CSI-RS resource set in the aperiodic zero-power CSI-RS resource set list is wsed for rate
matching of the PDSCH.

As can be seen from the above, these rate matching resources can be divided into
semi-static and dynamic, and dynamic rate maitching resources require the base station to
perform selection indication in the DCI. Therefore, not all dynamic rate matching resources must
be unavailable for PDSCH transmission. It can only be unavailable if it is indicated in the DCL

In a single-point transmission, as shown in FIG. 1, if the TRPO uses the LTE
frequency band, that is, the TRPU needs to send the CRS of the LTE, the LTE CRS resource
included in the rate matching is used to send the CRS to the LTE user. That is, it cannot be used
for PDSCH transmission of NR. Similarly, TRPO can transmit other important signals on the
configured rate matching resources instead of the UE's data. This is done to avoid other serious
signals transmitted by TRPG and the PDSCH of the UE with very serious interference, resulting
in system performance degradation.

However, the design of NR release 15 does not consider the multi-TRP (multi-point
transmission) transmission scheme, that is, multiple TRPs transmit data to the same user. As
shown in FIG. 2, both TRPs (TRPO and TRP1) transmit data to the same user. The transmissions
from the TRPs are shown as transmission blocks TBO and TBI, respectively.

In the scenario where there is a backhaul of sufficiently low latency and high
bandwidth between TRPO and TRP1, the primary serving base station of the mobile terrinal or
UE {(assumed to be TRPO) can send a physical downhink control channel (PDCCH) transmission
to schedule multiple data streams, or multiple transmission layers. In such cases, multiple lavers
are sent by TRPO and TRP1, respectively. For example, DCI format 1 _1 sent by TRPO schedules
4 layers of data transmission, corresponding to 4 Derodulation Reference Signal (DMRS) ports,
of which 2 layers can be from TRPO, and the other 2 layers can be from TRPI. At this time, the

multiple data layers included in one PDSCH are divided into N groups, usually N=2, that is, a
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data layer group or a DMRS port group corresponding to one TRP. Basically, one data layer
group corresponds to one DMRS port group wherein different DMRS port group may need
separate QCL indication or transmission configuration indicators{TCI). In this scenario, the R135
solution supports multi-TRP transmission without major changes, because two cooperative TRPs
can dynamically interact through the backhanl, and the control channel is transmitted by the
primary serving base station.

However, the rate matching resource for a single point transmission in general is not
suitable for multi-point transmission. Intuitively, the primary serving base station TRPO can
modify the RRC (Radio Resource Control) configuration to change previously configured rate
matching resources to accommodate multi-point transmission. However, if dynamic switching of
multi-point transmission and single point transmission is supported, the rate matching resource
of the upper layer configuration can only be one of the corresponding multiple TRP and single
TRP, because the high layer signaling changes slowly, and may not be able to keep up with a
downlink control signaling mechanism, such as DCI, which changes at a faster rate.

One possible solution is to use the available DCI signaling values (e.g., TCI field or
Transmission Configuration Indicator field). For example, implementations may divide the TCI
configuration of the high-level configuration into M groups, and then configure the rate
matching resources of the high-level configuration into M2 groups to establish the
correspondence between the TCI configuration of the M1 groups aund the rate matching resources
of the M2 groups using a relationship. Here, M1 and M2 are integers and may in general be
different fromo each other. The rate matching resource group (RMRG) is selected by using the
TCI configuration group indicated by the TCT value in the DCI and the correspondence between
them defined by a mapping. The UE only needs to perform rate matching on all or part of the
rate matching resources in the selected RMRG and perform rate matching on the rate matching
resources in the selected RMRG. The TCI configuration of the high-level configuration generally
refers to the TCI configuration configured with RRC signaling or Medium Access Control

{(MAC) control element (CE). The rate matching resources configured by the upper layer
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generally are configured by using RRC signaling, and of course, the MAC CE configuration is
not excluded.

As shown in FIG. 3, the TCI configurations TCH, TCIH, .. TCHO of the RRC
signaling configuration are divided into two groups, namely TCI configuration group #0, #1. The
rate matching resources configured by the RRC signaling may be divided into multiple groups
(two, in this case), namely RMRG #0, #1, and has a corresponding relationship with TCI
configuration group #0, #1, respectively.

Since the TCI configuration can be further updated or selected at the MAC layer, for
the convenience of discussion, this docurnent refers to the TCI configuration of the RRC
signaling configuration as the TCI RRC configuration or TCI state, and the configuration of the
TCI output by the MAC CE is called the TCI MAC configuration. As shown in Figure 4, the
MAC CE can be used to select or combine from nmultiple TCI RRC configurations. The number
of potential candidates for the TC1 MAC configuration output by the MAC CE is typically fixed.
In Release-15, 3 bits are used and thus this number is fixed to eight. For example, in Release-15,
only a 3-bit TCI indication is available in the DCIL The value of the 3bits DCI is 0-7 and the
eight TCI MAC configurations output by the MAC CE are in one-to-one correspondence. A
candidate TCI MAC configuration output by the MAC CE may include one TCI RRC
configuration, or may include multiple TCI RRC configurations.

When the TCI configuration corresponding to the value of the TCI in the DCI belongs
to only the TCI configuration group #0, the rate matching resource included in the RMRG #0
cannot be used for the PDSCH transmission of the DCI scheduling. Further, if the resource of the
RMRG #0 1s semi-static, it cannot be used for PDSCH transmission. If the rate maiching
resource included in the RMRG #0 needs to be dynamically triggered, such as the rate matching
pattern group #0 and the rate matching pattern group #1 in the RMRG #0, the base station needs
to utilize the Rate in the DCI. The matching indicator indicates whether one or two rate matching
pattern groups in the UE RMRG #0 can be used for PDSCH transmission. If the dynamic rate

matching pattern set is indicated not to be used for PDSCH, then it cannot be used for PDSCH,
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otherwise it can still be used for PDSCH transmission. For example, the aperiodic zero-power
CSI-RS resource set 2 and set 3 in the RMRG #0, if the base station uses the ZP CSI-RS trigger
n the DCT to indicate that set 2 cannot be used for PDSCH transmussion, then on set 3 Resources
can still be used for PDSCH transmission. However, the rate matching resources included in the
RMRG #1 are available for PDSCH transmission. For example, if the TCI value in the DCI 18
equal to 0, then the corresponding TCI contfiguration is TCID, and TCH corresponds to the
RMRG #0, then the semi-static rate matching resource under the RMRG #0 cannot be used for
the PDSCH transmission. The rate matching indicator in DCI is used to indicate the rate
matching pattern group under RMRG #0.

The ZP CSI-RS migger in the DCI mway be used to indicate that a certain aperiodic
zero-power CSE-RS resource set within the RMRG #0 is not used for PDSCH transmission. In
this case, the resources of the remaining aperiodic ZP CSI-RS resource sets can still be used for
PDSCH transmission. Taking 2 bits rate matching indicator as an example, 00 represents that
both the first and the second rate matching pattern groups in RMRG#0 are available for PDSCH
transmission; 01 represents that the first rate matching patiern groups in RMRG#0 is available
but the second is not available; 10 represents that the first rate matching pattern groups in
RMRG#0 is not available but the second is available; 11 represents that neither of the first and
the second rate matching pattern groups in RMRGHO are available for PDSCH transmission. In
short, ZP CSI-RS trigger in DCI may be used to indicate that zero or one of aperiodic ZP CSI-RS
resource set from the identified RMRG, wherein the identified RMRG is indicated by TCI value
in DCI and the mapping between TCE groups and rate matching resource groups.

Basically, in one example embodiment, two TCI configurations correspond to two
DMRS groups or two layer groups of one PDSCH, and the two layer groups can be transmitted
from two TRPs or two panels of one TRPs. If the TCH value in DCI is equal to 2 which
corresponds to TCT configuration 1 and 2, the corresponding RMRG is RMRG#0 since both TCI
configuration 1 and 2 correspond to RMRG#(. In this case, it is a multi-panel transmission

instead of multi-TRP transmission.
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When the TCI configuration corresponding to the value of the TCl in the DCl belongs
only to the TCI configuration group #1, the rate matching resource included in the RMRG #1
cannot be used for the PDSCH transmussion of the DCI scheduling. Further, if the resource of the
RMRG #1 is semi-static, it cannot be used for PDSCH transmission. If the rate matching
resource ncluded in the RMRG #1 needs to be dynamically triggered, such as the rate matching
pattern group #2 and the rate matching pattern group #3 in the RMRG #1, the base station may
utilize the rate matching indicator in the DCI. The matching indicator indicates whether the rate
matching pattern group in the UE RMRG #1 is available for the PDSCH transmission. If the
dynamic rate matching pattern set is indicated not to be used for PDSCH, then it cannot be used
for PDSCH, otherwise it can still be used for PDSCH transmission. For example, the aperiodic
zero-power USI-RS resource set 7 and set § in the RMRG #1, if the base station uses the ZP
CSI-RS trigger in the DCT to indicate that the resources occupied by the set 8 cannot be used for
the PDSCH transmission, then the set The resources on 7 can still be used for PDSCH
transmission. However, the rate matching resources included in the RMRG #0 are available for
PDSCH transmission. For instance, if the value of TCI in DCI 1 § which corresponds to TCT
configuration 4, then the semi-static rate roatching resources in RMRG#1 cannot be used for the
PDSCH transmission since TCI configuration 4 belongs to TCI configuration group#l which
corresponds to RMRG#1. Whether the rate moatching pattern group(s) in the RMRG#1(RMRG#1)
can be used for the PDSCH transmission or not depends on Rate matching indicator in DCL
Taking 2 bits rate matching indicator as an example, (00 represents that both the first and the
second rate matching pattern groups in RMRG#1 are available for PDSCH transmission; 01
represents that the first rate roatching pattern groups in RMRG#! is available but the second is
not available; 10 represents that the first rate matching pattern groups in RMRG#1 is not
available but the second is available; 11 represents that neither of the first and the second rate
matching pattern groups in RMRGHI are available for PDSCH transmission. Likewise, 2P
CSI-RS trigger in DCI is to indicate that zero or one of aperiodic ZP CSI-RS resource sets in

RMRG#!1 13 not used for the PDSCH transmission.

10
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In some embodiments, if the TCI value in DCI indicates one TCI configuration which
corresponds to one RMRG, a rate matching indicator andfor a ZP CSI-RS trigger in DCI are used
to select aperiodic rate matching resources within the corresponding RMRG.

When the value of the TCI in the DCI corresponds to multiple TCI configurations,
some belong to the TCI configuration group #0, and soroe belong to the TCI configaration group
#1, then both the RMRG #0 and the group #1 are used for PDSCH transmission scheduled by
this DCIL. Further, if the resources of the RMRG #(, #1 are semi-static, they are certainly not
available for PDSCH transmission. The rate matching indicator and/or ZP CSI-RS trigger in DCY
are used to select aperiodic rate matching resources within the both RMRGs. For instance, if the
value of TCY in DCI is 3 which corresponds to TCI configuration 3 and 4 as shown in FIG. 4,
then the semi-static rate matching resources in both RMRG#0 and #1 are not available for the
PDSCH transmission since TCT configuration 3 and 4 belongs to TCI configuration group#0 and
#1 respectively which correspond to both RMRGs. Whether the rate matching pattern group(s) in
the two RMRGs can be used for the PDSCH transmission or not depends on the rate matching
indicator in DCI. Taking 2 bits Rate matching indicator as an exaraple, 00 represents that all rate
matching groups in the two RMRGs are available for PDSCH transmission; (1 represents that
the first rate matching pattern group in both RMRG#0 and #1 is available but the second in both
RMRG#0 and #1 15 not available; 10 represents that the first rate matching pattern group in both
RMRGHO and #1 is not available but the second in both RMRG#H0O and #1 18 available; 11
represents that all rate matching groups in the two RMRGs are not available for PDSCH
transmission. Likewise, ZP CSI-RS trigger in DCI 15 to indicate that zero or one of aperiodic ZP
CRI-RS resource sets from both RMRG#0 and RMRGH] 18 notused for the PDSCH transraission,
e.g. the value 01 of ZP CSI-RS trigger represents that the first ZP CSI-RS resource set in both
RMRG#0 and RMRG#1 is not available for the PDSCH transmission.

Alternatively, in the case when TCI value in DCI corresponds to multiple TCI
configurations, and some belong to TCI configuration group#( and others belong to TCI

configuration group#!, rate matching resources correspond to TCH configuration group#0 is not

i1
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available for the layers of the PDSCH correspond to BMRS group#0 and rate matching resources
correspond to TCI configuration group#l 18 not available for the layers correspond to DMRS
group#l if the rate matching resources are semi-static. If the rate matching resources are
aperiodic, rate matching indicator and/or ZP CSI-RS trigger in DCY are used to select aperiodic
rate matching resources within the both RMRGs wherein the selected rate matching resources in
RMRGH0 is not available for layer group#0 corresponding to DMRS group 0 and the selected
rate matching resources in RMRG#! is not available for layer group#1 corresponding to DMRS
group 0. In this case, DMRS group 0 and 1 correspond to the first TCI configuration and the
second TCI configuration respectively which are both indicated by TCI value in DCL

For instance, if the value of TCI in DCI is 3 which corresponds to TCI configuration
3 and 4 as shown in FIG. 4, then the semi-static rate maiching resources in RMRG#0 are not
available for the layer group#0 of the PDSCH transmission and the semi-static rate matching
resources in RMRG#1 are not available for the layer group#! of the PDSCH transmission. As for
aperiodic rate matching resources, taking 2 bits Rate matching indicator as an example, (0
represents that both the first and the second rate roatching pattern groups in RMRG#! are
available for PDSCH transmission; 01 represents that the first rate matching pattern group in
RMRG#0 and RMRG#! is available for layer group#0 and layer group#l respectively but the
second rate matching pattern group in RMRGH#0 and RMRG#1 is not available for layer group#O
and layer group#! vespectively; 10 represents that the first rate matching pattern group in
RMRGH#0 and RMRG#1 is not available for layer group#0 and layer group#l respectively but the
second rate matching pattern group in RMRG#0 and RMRG#1 is available for layer group#0 and
faver group#! respectively. The bit combination 11 represents that both the first and the second
rate matching pattern groups in RMRG#H0 and RMRG#1 are not available for layer group#0 and
layer group#1 respectively. Generally, rate matching resources in RMRG#0 is only used for the
layer group#0 transmission and rate matching resources in RMRGH#1 is only used for the layer
group#!l transmission. So the rate matching resources in RMRG#HU i1s still available for layer

group#l and the rate matching resources in RMRG#! is still available for layer group#(.
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Certainly, it is possible that rate matching resources in RMRG#! is only used for the layer
groupH( transmission and rate matching resources in RMRGHO is only used for the layer
group# ! {ransmission.

In addition, NI

DQ“
[ At
‘7\"0!:

can also be as one kind of rate matching resource. Then can
be configured independently for different RMRG. The overhead calculation for TBS can also be
different. This is reasonable since each TRP may have different overhead calculation method.

Exampie embodiment 2

FIG. 4 is just one example of the procedure of TCI configuration. Another example is
shown 1 FIG. 5, wherein one TCI RRC configuration can include one or multiple e.g. 2 QCL
reference signal (RS) sets which represent by two circles in figure (e.g., TCI2, TCI3 and TCl4
are shown to have QCL RS sets). In this case, MAC CE is only used to select some TCl
configurations from ones configured by RRC 1o order to save DCI overhead.

in Rel-15, only one QCL RS set is included in one TCI-State, ie. TCI RRC
configuration. If multi-TRP transmission are scheduled to one UE, two QCL RS sets can be
mcluded in one TCT state as follows. As same as Rei-15, one QUL RS set can still include one or
two gcl-Type which represents one RS. So the first (QCL RS set includes gel-Typel and

gel-Type2, the second QCL RS set includes gel-Type3 and gel-Type4.

Table 1
TCI-State ::= SEQUENCE {
teci-Stateld TCI-Stateld,
gol-Typel QCL-Info,
gel-Type? QCL-Infc OPTIONAL, -— Need R
qcl-Type3s CL-Info, CPTIONAL, -— Need R
gcl-Typed QCL-Info OPTIONAL, -- Need R

i3
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Basically, two QCL RS sets correspond to two DMRS groups or two-layer groups of
one PDSCH, and the two layer groups can be transmitted from two TRPs or two panels of one
TRPs. In high frequency bands, e.g. above 6GHz, one QCL RS set may mean one beam.

Since two TRPs usually have different rate matching resources, all rate matching
resources configured by RRC signaling can still be divided into two groups, i.e. RMRGH#0 and
RMRG#1 which corresponds to two TRPs

As shown in FIG. 5, all TCI configurations are divided into three TCI configuration
groups or TCl groups, wherein TCI group#0, 1, 2 are associated with RMRG#O, (RMRG#0,
RMRG#1) and RMRG#! respectively.

In this example, if TCI value mndicated by DCI s § or 1 or 2, the corresponding TCI
groups are TCI group#0 which corresponds to RMRG#(, the rate matching resources in
RMRG#0 will not be available for PDSCH transmoission, especially if those rate matching
resources are semi-static. If the rate matching resources in RMRG#H0 is dynamic, some other DCI
fields, e.g. Rate matching indicator or ZP CSI-RS trigger should be used to indicate UE whether
those rate matching resources is available for PDSCH or not. In this case, it can be understood
that the PDSCH is transmitted froms TRPH0.

If 'TClt value indicated by DCl is 5 or 6 or 7, the corresponding TCI groups are Tl
group#2 which corresponds to RMRG#1, the rate matching resources in RMRG#!1 will not be
avatlable for PDSCH transroission, especially if those rate matching resources are semi-static. If
the rate matching resources in RMRG#! is dynamic, some other DCI fields, e.g. Rate matching
indicator or ZP CSI-RS trigger should be used to indicate UE whether those rate matching
resources 18 available for PDSCH or not. 1o this case, it can be understood that the PD3CH is
transmitted from TRP#I.

It TCI value indicated by DCl 1s 3 or 4, the indicated TCI MAC configuration or TCI
RRC configuration inclodes two QCL RS sets, and the corresponding TCI groups are TCI
group#l which correspond to both RMRG#( and #1, one solution is that the rate matching

resources in RMRGH#0 will not be available for the layer group#0 of PDSCH transmission, and

i4
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the rate matching resources in RMRG#1 will not be available for the layer group#l of PDSCH
transmission especially if those rate matching resources are seroi-static. If the rate matching
resources in RMRGH#0 and RMRG#HT are dynamic, some other DCI fields, e.g. Rate matching
indicator or ZP CSI-RS trigger should be used to indicate UE whether those aperiodic rate
matching resources in RMRG#0 and RMRG#! are available for layer group #0 and layer
group#! respectively. For instance, a “017 value of ZP CSI-RS trigger 1o DCI means the fust ZP
CSI-RS resource set in RMRG#( and the first ZP CSI-RS resource set in RMRG#1 are not
available for the layer group#0 and the layer group#1 respectively. In a short, the rate machining
resources in RMRGH#0 are only used for the layer group#0 of PDSCH and the rate rachining
resources in RMRG#1 are only used for the layer group#! of PDSCH. Another solution is that
the rate machining resources in both RMRG#0 and RMRG#1 are used for the whole PDSCH
trapsmission. In this case, the semi-static rate machining resources, e.g. LTE CRS resource in
both RMRGH#0 and RMRG#1 are not available for the scheduled PDSCH transmission. If the
rate matching resources in RMRGH#0 and RMRG#! are dynamic, some other DCI fields, e.g.
Rate matching indicator or ZP CSI-RS trigger should be wused to indicate UE whether those
aperiodic rate watching resources 13 RMRGH#0 and RMRG#!1 are available for PDSCH. For
instance, a 01 value of ZP CSI-RS trigger in DCI means the first ZP CSI-RS resource set in
RMRG#0 and the first ZP CSI-RS resource set in RMRG#! are not available for the PDSCH
fransmission.

Example Embodiment 3

Basically, above solutions are to divided TCT states or configurations into M1 groups,
and divided rate matching resources into M2 groups. Then setting up the association between M1
groups of TCI states and M2 groups of rate matching resources.

One solution is to configure group ID under each TCI states as follows:

i5
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Table 2
TCI-3tate ;= SEQUENCE {
tci~-Stateld TCI-Stateld,
grouplD {0, 1, ...}
gcl-Typel QCL-Info,
gol-Type? QCL-Info OPTIONAL, -- Naad R
}

The value range of group ID can be from 0 to MI-1. For instance, M1=3, then group
ID = 0 corresponds to RMRG#0, group ID = | corresponds to RMRG#1, and group 1D = 2
corresponds to both RMRGH#0 and RMRG#! {are not available for the entive PDSCH or for layer
group# and layer group#! respectively). In a short, each group ID corresponds to one or more
rate matching resource groups.

Optionally, this group ID directly is the TCI group 1D. One TCI group can be thought
as ope TRP transmission. In high frequency bands, e.g. center frequency is above 6GHz,
different TRPs should be configured with different phase tracking reference signal{PTRS) ports
since oscillators from different TRPs are separate. So straightforwardly, each TCI group 1D can
be associated with one PTRS port.

In a special case, M1 can be equal to0 M2. Then group 1D can directly represent the RMRG
1D as shown in FIG. 3 and FI1G. 4 since i is one to one mapping between the TCI group and RMRG.

Since current R15 only supports one group of rate matching resource which is for
single TRP transmission, some or all of rate matching resources can be extended to two. As
shown in following structure of RRC configuration, the bold parameters including
Ite-CRS-ToMatchAround?2, rateMatchPattern ToAddModList2 and
rateMatchPatternToReleaselist2 are newly added and belong to the RMRG#1, the legacy ones

belong to RMRGH#(0.
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. ~
Table 3

ServingCellConfigCommon ::= SEQUENCE {

lte~-CRS~ToMatchAround SetupRelease

¢

{ RateMatchPatternLTE-CRS }

rateMatchPatternToReleasaliist SEQUENCE (STzE
(1. .maxNrofRateMatchPatterng) ) OF RateMatchPatternid
lte~CRE~-ToMatchAround?d SetupRelease

{ RateMatchPatternLTE~CRS }
rateMatchPatternToAddModList2 SEQUENCE (SIZE

{1. . maxNrofRateMatchPatterns)) OF RateMatchPattern

rateMatchPatternToReleaselist2 SEQUENCE {SIZE

{1. . .maxNrofRateMatchPatternsg)) OF RateMatchPatternId

Likewise, the bold parameters under PDSCH-Config are also newly added and belong

to RMRG#!, and others belong to RMRG#0.

U
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Table 4

PDSCH-Config ::= SEQUENCE

rateMatchPatternToAddModList
rateMatchPatternToReleaselist
rateMatchPatternGroupl
rateMatchPatternGroup?2
rateMatchPatternToAddModList2
rateMatohPatternToRelaaselist?
rateMatchPatternGrouplZ

rataeMatchPatternGroupi2

Taken as a whole, each TCI group is associated with one or more RMRGs, and TCls
within the same TCI group are associated with the same RMRGs. If multiple TCIs are
configured with the same group ID, they are associated with the same RMRGs.

For semi-static PDSCH transmission, there may be only MAC CE to schedule
PDSCH transmussion instead of DCI scheduling. In this case, there is nothing related with
aperiodic rate matching resources. After setting up the relationship between M1 TCI groups and
M2 RMRGs, MAC CE is to finally select TCI states or TCl value or Tl configuration. Based
on the mapping, the identified RMRG(s) can be determined by this MAC CE.

Exampie embodiment 4

During initial Rel-16 discussion, DMRS sequence was agreed to be enhanced for
reducing PAPR (peak to average power ratio). For cyclic prefix OFDM (CP-OFDM) and for
both DMRS type 1 and 2, the following ¢, for code division multiplexing (CDM) group X is

used for Rel-16 DMRS seguence generation:

ig
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and where ngop is provided by DCI, A is absolute CDM group index, ¢ 18 seguence

C e e . slot
mitialization, Nsymb '

is the number symbols per slot, g  is the slot number in a subcarrier

spacing configuration, [ is the symbol number, ., is indicated by DCI, N,, and N, are

higher laver configured variables.

Basically, in the second and the third CDM group, DMRS sequence is not same as
Rel-15. As shown in FIG. 2, if TRP! 18 Rel-15 base station and TRP 0O 1s Rel-16 base station,
TRP1 cannot use Rel-16 sequence in the second and the third CDM groups if the UE is
scheduled with four or more layers. If whether the new sequence or legacy Rel-15 sequence
depends on RRC signaling, multi-TRP or dynaroical point selection transmission cannot be
sapported since the coordinated TRP 1 can only use the legacy sequence but TRPO can use new
sequence for low PAPR. In order to solve the problem without increasing of DCI overhead,
DMRS sequence configuration can be associated with each TCI state or TCI group. In other
words, DMRS sequence configuration is per TCI state or TCI group. After getting TCI value
indicated by DCI, the DMRS sequence configuration will be known at UE side. Specifically,
DMRS sequence configuration is whether the new sequence or legacy one is used. Taking Figure
3 as an example, 1 bit DMRS sequence indication is configured per TCI group. If the indicated
TCI value corresponds to TCY group#0, whether the new DMRS sequence or legacy sequence
depends on 1 bit DMRS sequence indication which is associated TCI group#(.

Example embodiment 5

In above solations, the TCI value in DCI is to indicate both TCI configuration and the

corresponding RMRG. Optionally, ZP CSI-RS trigger or Rate matching indicator in DCI can be
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used to select the corresponding RMRG.

For instance, ZP CSI-RS trigger in DCI can be used for both legacy functionality and
selection of RMRG. The legacy functionality is to select apertodic ZP CSI-RS resource set from
multiple configured ones. For example, 2 bits ZP CSI-RS trigger value 00 and 01 means
RMRGH#0, 10 and 11 means RMRG#1.

The rate matching indicator in DCI may also be used sirnilarly.

Some embodiments may divide the TCI configuration of the high-level configuration
into M1 groups, and then configure the rate matching resources of the high-level configuration
nto M2 groups to establish the correspondence between the TCI configuration of the M1 groups
and the rate matching resources of the M2 groups. The RMRG is selected by using the TCI
configuration group indicated by the TCI value in the DCI and the correspondence. The UE only
needs to perform rate matching on all or part of the rate matching resources in the selected
RMRG, and rate matching the rate matching resources in the selected RMRG.

FIG. 6 depicts a block diagram representing of a portion of a radio station 605. A
radio station 603 such as a base station or a wireless device can include processor electronics 610
such as a microprocessor that implements one or more of the wireless technigues presented in
this document. The radio station 605 can include transceiver electronics 615 to send and/or
receive wireless signals over one or more communication interfaces such as antenna 620.  The
radio station 605 can include other commumnication interfaces for transmitting and receiving data.
Radio station 6035 can include one or more memories (not explicitly shown) configured to store
information such as data and/or instructions. In some implementations, the processor
electronics 610 can include at least a portion of the transceiver electronics 615. In some
embodiments, at least some of the disciosed techniques, modules or functions are implemented
using the radio station 603.

FIG. 7 15 a flowchart representation of a method 700 of wireless communication. The
method 700 includes grouping (702), by a network device, rate matching resources into a

plurality of first groups for communication with a wireless terminal and transmitting (704) a
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channel control indicator identifying at least a first group from the plurality of first groups of rate
matching resources.

FIG. 8 1s a flowchart for a method 800 of wireless communications. The method 800
includes receiving (802), at a wireless terminal, a channel control indicator identifying at least a
first group of rate matching resources from a plurality of rate matching resources and receiving
(804) a wansmussion from a network device by rate wmatching around sowe rate matching
resources of the first group of rate matching rescurces indicated by the channel control indicator.

F1G. 9 is a flowchart for a method 900 of wireless communications. The method 900
mncludes receiving (902), by a wireless terminal, a wmedium access control (MAC) layer control
element indicative of one or more transmission configuration states to be used by the wireless
terminal, determining (904), using a mapping, a rate matching resource group from a plurality of
rate matching resource groups corresponding to the one or more transmission configuration
states and performing (906) rate matching around rate matching resources corresponding to the
one or more transnission configuration states indicated by the MAC control element.

F1G. 10 is a flowchart for a method 1000 of wireless communications. The method
1000 includes transmitting (1002), by a network device, a MAC layer control element indicative
of one or more transmission configuration states to be used by a wireless terminal, wherein a
mapping defines a correspondence between a rate matching resource from a plurality of rate
matching resource groups, wherein the rate matching resources are rate matched around for
shared data channel transmissions from the network device to the wireless terminal, and
communicating (1004) the mapping to the wireless terminal in a radio resource link layer
message.

With reference to methods 700, 800, 900 and 1000, additional features are described
with reference to FIGS. 1 to 5 and may include the following.

In some embodiments, the channel control indicator may bhe included in DCT and
includes one or more of: a transmission configuration indicator (TCl) value; a zero-power

channel state information reference signal (ZP CS1-RS) trigger: or a rate matching indicator.
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In some embodiments, each rate matching resource inchudes one or more of: a rate
matching pattern comprising multiple time-frequency transmission resources, a periodic zero
power channel state information reference signal (ZP CSI-R5) resource set, an aperiodic ZP
CSI-RS resource set, a semi-persistent ZP (CSI-RS resource set, a long-term evolution
cell-specitic reference signal (LTE CRS) resource, or a rate matching pattern group.

In some embodiments, the following additional steps may be performed: grouping
TCT states into a plurality of second groups, and associating, using a mapping, the plurality of
first groups with the plurality of second groups. In some embodiments, second group
corresponds to one or more first groups.

In some ewbodiments, the channel control indicator identifies one or more first
groups associated with one or more second groups indicated by the channel control indicator. In
some embodiments, a first group ID or a second group 1D is configured under each TCI state. In
some embodiments, in case that more than one first group are identified, each identified first
group is identified for each layer group of a data transmission. In some cases, when that more
than one first group is identified, all identified first groups are identified for all layer groups of a
data transmission.

In some embodiments, some aperiodic ZP CSI-RS resource set(s) are selected by a
ZP CSI-RS wrigger from the identified first group(s).

In some embodiments, the following one or more of the following rate matching
resources are unavailable for the corresponding layer group(s) of the data transmission: selected
aperiodic ZP CSI-RS resource set(s) indicated by the channel control indicator, selected rate
matching pattern group(s) indicated by the channel control indicator, or other non-aperiodic rate
matching resources within the identified first group(s).

In some embodiments, wherein a first group ID or a second group ID configured
under each TCT state is associated with a phase tracking reference signal (PTRS) port. In some
embodiments, at lgast some rate matching resources in at least one of the first groups correspond

to a quasi-co-located reference signal set.

b
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In some embodiments, the wireless terminal receives the mapping from a radio
resource layer message from a network device. In some embodiments, at least one of the
multiple rate matching configurations corresponds to a quasi-co-located reference signal set. In
some embodiments, the plurality of rate matching groups corresponds to a plurality of
transmission reception points (TR Ps).

In various embodiments, the mobile terminal wmay be a smartphone, a tablet, a
smartwatch, and IoT device or another hardware platform (e.g, FIG. 6) capable of transmitting
and receiving wireless signals. The network device may be implemented in a base station
functionality such as an eNodeB or a gNB.

It will be appreciated that techniques for signaling a mapping between rate maiching
resources in situations where multiple TRPs are used in a wireless network are disclosed.

The disclosed and other embodimsents, modules and the functional operations
described in this document can be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed in this document and their
structaral equivalents, or in combinations of one or more of them. The disclosed and other
embodiments can be implerented as oue or more computer program products, i.e., one or more
modules of computer program instructions encoded on a computer readable medium for
execution by, or to control the operation of, data processing apparatus. The computer readable
medium can be a machine-readable storage device, a wachine-readable storage substrate, a
memory device, a composition of matter effecting a machine-readable propagated signal, or a
combination of one or more them. The termn “data processing apparatus” encompasses all
apparatus, devices, and machines for processing data, inclading by way of example a
programmable processor, a computer, or multiple processors or computers.  The apparatus can
inchade, in addition to hardware, code that creates an execution environment for the computer
program in question, e.g., code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination of one or more of them. A

propagated signal is an artificially generated signal, e.g., a machine-generated electrical, optical,
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or electromagnetic signal, that is generated to encode information for transmission to suitable
receiver apparatus.

A coroputer program {also known as a program, software, software application, script,
or code) can be written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a stand-alone program or as a
module, component, subroufine, or other anit suitable for use in a computing environment. A
computer program does not necessarily correspond to a file in a file system. A program can be
stored in a portion of a file that holds other programs or data {(e.g., one or more scripts stored in a
markup language document), in a single file dedicated to the program in question, or in multiple
coordinated files {(e.g., files that store one or more modules, sub programs, or portions of code).
A computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a
communication network.

The processes and logic flows described in this document can be performed by one or
more programmable processors executing one or more computer programs to perform functions
by operating on input data and generating output. The processes and logic flows can also be
performed by, and apparatus can also be implemented as, special purpose logic circuitry, e.g., an
FPGA (field prograromable gate array) or an ASIC (application specific integrated circuit).

Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will receive instructions and data from a
read only memory or a random-access memory or both.  The essential elements of a computer
are a processor for performing instructions and one or more memory devices for storing
instructions and data. Generally, a computer will also include, or be operatively coupled to
receive data from or transfer data to, or both, one or more mass storage devices for storing data,
e.g., magnetic, magneto optical disks, or optical disks. However, a computer need not have

such devices. Computer readable media suitable for storing computer program instructions and
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data include all forms of non-volatile memory, media and memory devices, including by way of
example semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices;
magnetic disks, e.g., internal hard disks or removable disks; magneto optical disks; and CD
ROM and DVD-ROM disks. The processor and the memory can be supplemented by, or
incorporated in, special purpose logic circaitry.

While this patent docuroent contains many specifics, these should not be counstrued as
limitations on the scope of any invention or of what may be claimed, but rather as descriptions of
features that may be specific to particular embodiments of particular inventions. Certain
features that are described in this patent document in the context of separate embodiments can
also be implemented in combination in a single embodiment. Conversely, various features that
are described in the context of a single embodiment can also be implemented in multiple
ernbodiments separately or in any suaitable subcombination.  Moreover, although features may
be described above as acting in certain combinations and even initially claimed as such, one or
more features from a claimed combination can in some cases be excised from the combination,
and the claimed combination may bhe directed to a subcombination or vanation of a
subcorbination.

Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed, to achieve desirable
results. Moreover, the separation of varicus system components in the embodiments described
in this patent document should not be understood as requiring such separation in all
embodiments.

Only a few implementations and examples are described and other implementations,
enhancements and variations can be made based on what is described and illustrated in this

patent document.
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CLAIMS

A method of wireless communication, comprising:
grouping, by a network device, rate matching resources into a plarality of first groups for
nication with a wireless terminal, and

transinitting a chaonel control indicator identifying at least a first group from the plurality

of first groups of rate matching resources.

2. The method of claim 1, wherein the channel control indicator includes one or more of;

a transmission configuration indicator (TCI) value;

a zero-power channel state information reference signal (ZP CSI-RS} trigger; or

a rate matching indicator.
3. The method of any of claims 1-2, wherein each rate matching resource includes one or
more of;

a rate matching pattern comprising multiple tirne-frequency transmission resources,

a periodic zero power channel state information reference signal (ZP CSI-RS) resource
set,

an aperiodic ZP CSI-RS resource set,

a semi-persistent ZP CSI-RS resource set,

a long-term evolution cell specific reference signal (LTE CRS) resource, or

a rate matching pattern group.
4. The method of any of claims 2-3, further comprising:

grouping TCI states into a plurality of second groups; and

associating, using a mapping, the plurality of first groups with the pluarality of second
Zroups.
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5. The method of claim 4, wherein each second group corresponds to one or more first
groups.
6. A method of wireless communication, comprising:

receiving, at a wireless terminal, a chaonel control indicator identifying at least a first
group of rate matching resources from a plurality of rate matching resources; and
receiving a transmission from a network device by rate matching around some rate

matching resources of the first group of rate matching resources indicated by the channel control

indicator.

7. The method of claim 6, wherein the channel control indicator includes one or more of;
a transmission configuration indicator (TCI) value;
a zero-power channel state information reference signal (ZP CSI-RS} trigger; or

a rate matching indicator.

3. The method of any of claims 6-7, wherein each rate matching resource includes one or
more of;
a rate matching pattern comprising multiple tirne-frequency transmission resources,

a periodic zero power channel state information reference signal (ZP CSI-RS) resource

set,
an aperiodic ZP CSI-RS resource set,
a semi-persistent ZP CSI-RS resource set,
a long-term evolution cell specific reference signal (LTE CRS) resource, or
a rate matching pattern group.
9. The method of any of claims 6-7, wherein TCI states are grouped in a plurality of second

groups and a mapping associates the plurality of first groups with the plurality of second groups

b
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and the identified rate matching groups are determined based on the mapping.

10. The method of claim 9, wherein each second group corresponds o one or more first
Zroups.
it. The method of claim 5 or 10, wherein the channel control indicator identifies one or more

first groups associated with one or more second groups indicated by the channel control

indicator.

12, The method of claim 5 or 18, wherein a first group 1D or a second group 1D is configured

under each TCI state,

13, The method of claim 11, wherein in case that more than one first group are identified,

each identified first group is identified for each layer group of a data transmission.

14. The method of claim 12, wherein in case that wore than one first group is 1dentified, all

identified first groups are identified for all layer groups of a data transmission.

15. The method of claim 12, wherein some aperiodic ZP CSERS resource set{s) are selected

by a ZP CSI-RS trigger from the identified first group(s).

16. The method of claim 12, wherein some rate matching pattern groups are selected by a

rate matching indicator from the identified first groups.

7. The method of any of claims | to 16, wherein one or more of the following rate matching
resources are unavailable for the corresponding layer group(s) of the data transmission:

selected aperiodic ZP CSI-RS resource set{s) indicated by the channel control indicator,
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selected rate matching pattern group(s) indicated by the channel control indicator, or

other non-aperiodic rate roatching resources within the identified first group(s).

i8. 'The method of wireless communication in claim 12, wherein a first group 1D or a second
group ID configured under each TCT state is associated with a phase tracking reference signal

(PTRS) port.

9. The method of any of claims 1-18, wherein at least some rate matching resources in at

least one of the first groups correspond (o a quasi-co-located reference signal set.

20. A wireless conumunication method, comprising:
receiving, by a wireless terminal, a roedium access control (MAC) layer control element
indicative of one or more transmission configuration states to be used by the wireless terminal;
determining, using a mapping, a rate matching resource group from a plurality of rate
matching groups corresponding to the one or more trapsmission configuration states; and
performing rvate matching around rate matching resources corresponding to the one or

more transmission configuration states indicated by the MAC layer control element.

21. The method of claim 20, wherein the wireless terminal receives the mapping from a radio

resource layer message from a network device.

22, The method of claim 20, wherein at least one rate matching resource group includes

multiple rate matching configurations.

23, The method of claim 22, wherein at least one of the multiple rate ratching configurations

corresponds t0 a quasi-co-located reference signal set.
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24. The method of any of claims 20-22, wherein the plurality of rate matching groups

corresponds to a plurality of transmission reception points (TRPs).

25. A method of wireless communication, comprising:

transmitting, by a network device, a medium access control (MAC) layer control element
indicative of one or more transmission configuration states to be used by a wireless terminal,

wherein a mapping defines a correspondence between a rate matching resource from a
plurality of rate matching resource groups,

wherein the rate matching resources are rate matched around for shared data channel

transmissions from the network device to the wireless terminal, and

communicating the mapping to the wireless terminal.

26. The method of claim 25, wherein the MAC control element includes one or more of’
a transmission configuration indicator (TCI) value;
a zero-power channel state information reference signal (ZP CSI-RS) trigger; or

a rate matching indicator.

27. The method of any of claims 25-26, wherein each rate matching resource inchudes one or
more of:
a rate matching pattern comprising multiple time-frequency transmission resources,

a periodic zero power channel state information reference signal (ZP CSI-RS) resource

an aperiodic ZP CSI-RS resource set,
a serni-persistent ZP CSI-RS resource set,
a long-term evolution cell specific reference signal (LTH CRS) resource, or

a rate matching pattern group.
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28. A wireless communication apparatus comprising a processor configured to implement a

method recited in any one or more of claims 1 to 27.

29. A computer readable medium having code stored thereon, the code comprising

processor-executable instructions to implement a method recited in any one or more of claims 1

to 27.
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