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1. 

PHYSICALUPLINK SHARED CHANNEL 
DEMODULATION REFERENCE SIGNAL 
DESIGN FOR UPLINK COORONATED 
TRANSMISSION IN TYPE RELAY 

CROSS REFERENCE 

This application is a filing under 35 U.S.C. 371 of Interna 
tional Application No. PCT/US2010/045378 filed Aug. 12, 
2010, entitled “Physical Uplink Shared Channel Demodula 
tion Reference Signal Design for Uplink Coordinated Trans 
mission in Type II Relay' claiming priority to U.S. Provi 
sional Application No. 61/233,466 filed on Aug. 12, 2009, 
entitled “Physical Uplink Shared Channel Demodulation 
Reference Signal Design for Uplink Coordinated Transmis 
sion in Type II Relay', which are incorporated by reference 
herein as if reproduced in their entirety. 

BACKGROUND 

As used herein, the terms “user equipment and “UE' can 
refer to wireless devices such as mobile telephones, personal 
digital assistants, handheld or laptop computers, and similar 
devices that have telecommunications capabilities. Such a 
UE might consist of a wireless device and its associated 
Universal Integrated Circuit Card (UICC) that includes a 
Subscriber Identity Module (SIM) application, a Universal 
Subscriber Identity Module (USIM) application, or a Remov 
able User Identity Module (R-UIM) application or might 
consist of the device itself without such a card. The term “UE' 
may also refer to devices that have similar wireless capabili 
ties but that are not transportable, such as desktop computers, 
set-top boxes, or network appliances. The term “UE' can also 
refer to any hardware or software component that can termi 
nate a communication session for a user. Also, the terms “user 
equipment.” “UE.” “user agent,” “UA” “user device' and 
“user node' might be used synonymously herein. 
AS telecommunications technology has evolved, more 

advanced network access equipment has been introduced that 
can provide services that were not possible previously. This 
network access equipment might include systems and devices 
that are improvements of the equivalent equipment in a tra 
ditional wireless telecommunications system. Such advanced 
or next generation equipment may be included in evolving 
wireless communications standards, Such as Long Term Evo 
lution (LTE) and LTE-Advanced (LTE-A). For example, an 
LTE or LTE-A system might include an Evolved Universal 
Terrestrial Radio Access Network (E-UTRAN) or E-UTRAN 
node B(eNB), a wireless access point, or a similar component 
rather than a traditional base station. As used herein, the term 
“access node' will refer to any component of a wireless 
network, Such as a traditional base station, a wireless access 
point, or an LTE or LTE-A eNB, that creates a geographical 
area of reception and transmission coverage allowing a UE or 
a relay node to access other components in a telecommuni 
cations system. An access node may comprise a plurality of 
hardware and software. 

The term “access node' may not refer to a “relay node.” 
which is a component in a wireless network that is configured 
to extend or enhance the coverage created by an access node 
or another relay node. The access node and relay node are 
both radio components that may be present in a wireless 
communications network, and the terms “component' and 
“network node' may refer to an access node or relay node. It 
is understood that a component might operate as an access 
node or a relay node depending on its configuration and 
placement. However, a component is called a “relay node' 
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2 
only if it requires the wireless coverage of an access node or 
other relay node to access other components in a wireless 
communications system. Additionally, two or more relay 
nodes may be used serially to extend or enhance coverage 
created by an access node. 

These systems can include protocols such as a Radio 
Resource Control (RRC) protocol, which is responsible for 
the assignment, configuration, and release of radio resources 
between a UE and a network node or other equipment. The 
RRC protocol is described in detail in the Third Generation 
Partnership Project (3GPP) Technical Specification (TS) 
36.331. 
The signals that carry data between UEs, relay nodes, and 

access nodes can have frequency, time, space, and coding 
parameters and other characteristics that might be specified 
by a network node. A connection between any of these ele 
ments that has a specific set of Such characteristics can be 
referred to as a resource. The terms "resource.” “communi 
cations connection.” “channel and “communications link' 
might be used synonymously herein. A network node typi 
cally establishes a different resource for each UE or network 
node with which it is communicating at any particular time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of this disclosure, ref 
erence is now made to the following brief description, taken 
in connection with the accompanying drawings and detailed 
description, wherein like reference numerals represent like 
parts. 

FIG. 1 is a diagram illustrating a wireless communication 
system that includes a relay node, according to an embodi 
ment of the disclosure. 

FIG. 2 is a diagram illustrating a typical resource block. 
FIG. 3 is a diagram illustrating a resource block with a 

punctured demodulation reference signal according to an 
embodiment of the disclosure. 

FIG. 4 is a diagram illustrating resource blocks with the 
same puncture pattern for a demodulation reference signal 
according to an embodiment of the disclosure. 

FIG. 5 is a diagram illustrating resource blocks with dif 
ferent puncture patterns for a demodulation reference signal 
according to an embodiment of the disclosure. 

FIG. 6 is a diagram illustrating resource blocks with 
orthogonal demodulation reference signals according to an 
embodiment of the disclosure. 

FIG. 7 is a diagram illustrating resource blocks with three 
different orthogonal demodulation reference signals accord 
ing to an embodiment of the disclosure. 

FIG. 8 is a diagram illustrating resource blocks with dif 
ferent puncture patterns for a demodulation reference signal 
for two relay nodes and a different puncture pattern for a 
demodulation reference signal for a user equipment accord 
ing to an embodiment of the disclosure. 

FIG. 9 is a diagram illustrating resource blocks with dif 
ferent puncture patterns for a demodulation reference signal 
for a user equipment and two relay nodes according to an 
embodiment of the disclosure. 

FIG. 10 is a diagram illustrating resource blocks using a 
combination of frequency division multiplexing and code 
division multiplexing according to an embodiment of the 
disclosure. 

FIG. 11 is a flowchart of a method for providing an access 
node with a demodulation reference signal according to an 
embodiment of the disclosure. 
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FIG. 12 is a flowchart of a method for an access node to 
perform channel estimation according to an embodiment of 
the disclosure. 

FIG. 13 illustrates a processor and related components 
suitable for implementing the several embodiments of the 
present disclosure. 

DETAILED DESCRIPTION 

It should be understood at the outset that although illustra 
tive implementations of one or more embodiments of the 
present disclosure are provided below, the disclosed systems 
and/or methods may be implemented using any number of 
techniques, whether currently known or in existence. The 
disclosure should in no way be limited to the illustrative 
implementations, drawings, and techniques illustrated below, 
including the exemplary designs and implementations illus 
trated and described herein, but may be modified within the 
Scope of the appended claims along with their full scope of 
equivalents. 

FIG. 1 is a diagram illustrating a wireless communication 
system 100 that includes a relay node 102, according to an 
embodiment of the disclosure. Examples of the wireless com 
munication system 100 include LTE or LTE-A networks, and 
all of the disclosed and claimed embodiments could be imple 
mented in an LTE-A network. The relay node 102 can receive 
and amplify a signal received from a UE 110 and transmit the 
signal to an access node 106. In some implementations of a 
relay node 102, the relay node 102 receives a signal with data 
from the UE 110 and then generates a new signal to transmit 
the data to the access node 106. The relay node 102 can also 
receive data from the access node 106 and deliver the data to 
the UE 110. 

The relay node 102 might be placed near the edges of a cell 
so that the UE 110 can communicate with the relay node 102 
rather than communicating directly with the access node 106 
for that cell. In radio systems, a cell is a geographical area of 
reception and transmission coverage. Cells can overlap with 
each other. In a typical situation, one access node is associated 
with each cell. The size of a cell is determined by factors such 
as frequency band, power level, and channel conditions. One 
or more relay nodes, such as relay node 102, can be used to 
enhance coverage within a cell or to extend the size of cov 
erage of a cell. Additionally, the use of a relay node 102 can 
enhance throughput of a signal within a cell because the UE 
110 can access the relay node 102 at a higher data rate than the 
UE 110 might use when communicating directly with the 
access node 106 for that cell, thus creating higher spectral 
efficiency. The use of a relay node 102 can also decrease the 
UE's battery usage by allowing the UE 110 to transmit at a 
lower power. 
When the UE 110 is communicating with the access node 

106 via the relay node 102, the links that allow wireless 
communication can be said to be of three distinct types. The 
communication link between the UE 110 and the relay node 
102 is said to occur over an access link 108, which can also be 
referred to as the Uu interface. The communication between 
the relay node 102 and the access node 106 is said to occur 
over a relay link 104, which can also be referred to as the Un 
interface or the backhaul link. Communication that passes 
directly between the UE 110 and the access node 106 without 
passing through the relay node 102 is said to occur over a 
direct link 112. 

Relay nodes can be divided into three kinds: layer one relay 
nodes, layer two relay nodes, and layer three relay nodes. A 
layer one relay node is essentially a repeater that can retrans 
mita transmission without any modification other than ampli 
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4 
fication and slight delay. A layer two relay node can demodu 
late/decode a transmission that it receives, re-modulate/re 
encode the demodulated/decoded data, and then transmit the 
re-modulated/re-encoded data. A layer three relay node can 
have full radio resource control capabilities and can thus 
function similarly to an access node. The illustrative embodi 
ments hereinare primarily concerned with layer two and layer 
three relay nodes. 
The radio resource control protocols used by a relay node 

may be the same as those used by an access node, and the 
relay node may have a unique cell identity typically used by 
an access node. Relay nodes known as Type 1 relay nodes 
have their own physical cell IDs and transmit their own syn 
chronization signals and reference symbols. Relay nodes 
known as Type 2 relay nodes do not have separate cell IDs and 
thus would not create any new cells. That is, a Type 2 relay 
node does not transmit a physical ID that is different from the 
access node ID. A Type 2 relay node can relay signals to and 
from legacy (LTE Release 8) UEs, but Release 8 UEs are not 
aware of the presence of Type 2 relay nodes. LTE-A Release 
10 and later UEs might be aware of the presence of a Type 2 
relay node. As used herein, the term “Release 10 refers to 
any UE capable of following LTE standards later than LTE 
Release 8, and the term “Release 8' refers to any UE capable 
of following only the LTE standards of LTE Release 8. In 
Some cases, the embodiments described herein may prefer 
ably be implemented in Type 2 relay nodes, but the embodi 
ments may apply to other types of relay nodes as well. 
When the UE 110 has data to transmit to the access node 

106, the access node can grant the UE 110 a resource that the 
UE 110 can use for the uplink transmission. When the relay 
node 102 is present, the relay node 102 can detect the uplink 
grant information transmitted by the access node 106 and 
therefore can be aware of when and how the UE 110 will 
transmit on the uplink. Alternatively, the access node 106 
might explicitly signal the uplink grant information to the 
relay node 102. 
When the UE 110 transmits data on the uplink, the data 

might be successfully decoded by both the relay node 102 and 
the access node 106 or might be decoded only by the relay 
node 102, only by the access node 106, or by neither the relay 
node 102 nor the access node 106. If the access node 106 does 
not successfully decode the data, the access node 106 might 
send a negative acknowledgement (NACK) message to the 
UE 110 and the relay node 102. Both the UE 110 and the relay 
node 102 might then synchronously retransmit the data to the 
access node 106. 

For both initial transmissions and retransmissions, the UE 
110 sends information to the access node 106 that might 
include a channel quality indicator (COI), a precoding matrix 
index (PMI), a rank indication (RI), an ACK/NACK, and/or 
other information. Such information from the physical layer 
will be referred to herein as control information. The content 
that a UE intends to convey, which could include user plane 
data and/or control plane data from upper layers, will be 
referred to herein simply as data. The data is typically trans 
mitted on the physical uplink shared channel (PUSCH). In 
order to maintain the single carrier property of uplink single 
carrier frequency division multiple access (UL SC-FDMA), 
the UE 110 transmits on a set of contiguous subcarriers. If the 
UE 110 has no data to send, or if there is no PUSCHallocation 
for the current subframe, the UE 110 transmits the control 
information via the physical uplink control channel 
(PUCCH). If the UE 110 has both control information and 
data to transmit, the UE 110 multiplexes the control informa 
tion with the data and transmits both of them on the PUSCH. 
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To help the access node 106 detect signals transmitted by 
the UE 110, demodulation reference signals (DMRS) are 
transmitted in the PUSCH so that the access node 106 can 
estimate the uplink channel before demodulating the data 
symbols. That is, a signal transmitted by the UE 110 might 
consist of a series of subframes, each of which might consist 
of a series of orthogonal frequency division multiplexing 
(OFDM) symbols. At least one OFDM symbol in each sub 
frame might be a reference symbol, the DMRS, that the 
access node 106 can read to perform channel estimation on 
the uplink channel. The access node 106 knows what should 
be transmitted in the DMRS and can compare the DMRS that 
is expected to the DMRS that is actually received. The access 
node 106 can then use this comparison to determine the 
channel condition between the UE 110 and the access node 
106. This process is known as channel estimation. The access 
node 106 can further use this estimated channel condition to 
demodulate or decode the data symbols. This process is 
known as data demodulation. 

FIG. 2 illustrates an example of a resource block 210, 
which is a portion of a signal that might be transmitted by the 
UE 110. The resource block 210 consists of a set of twelve 
subcarriers 220. Each column 230 in the resource block 210 
belongs to an OFDM symbol. In this example and in the 
examples that will follow, a normal cyclic prefix is assumed, 
so there are seven OFDM symbols 230 in the resource block 
210. If an extended cyclic prefix were used, there would be six 
OFDM symbols 230 in the resource block 210. While this 
figure and the following similar figures depict normal cyclic 
prefixes and the accompanying descriptions deal with normal 
cyclic prefixes, similar considerations could apply to 
extended cyclic prefixes. 
One OFDM symbol 230 on one subcarrier 220 is referred 

to as one resource element. Thus, the resource block 210 
consists of 84 resource elements, since there are seven OFDM 
symbols 230 and twelve subcarriers 220 in the resource block 
210. A set of seven consecutive OFDM symbols 230 makes 
up one slot 240. Two slots 240 makeup one subframe, and ten 
Subframes make up one radio frame. 
The majority of the OFDM symbols 230 in the resource 

block 210 might contain data and control information multi 
plexed together. This is represented by the characters “D/C 
in all resource elements of OFDM symbols 230A, 230B, 
230C, 230E, 230F, and 230G. However, one OFDM symbol 
per slot typically contains DMRS signals rather than data and 
control information. In this example, OFDM symbol 230D 
contains DMRS signals, which are represented by the char 
acters “DMRS'. In the similar figures that follow, similar 
components may be present, and similar characters may be 
used to refer to similar components. However, for the sake of 
clarity in the drawings, reference numbers may be omitted for 
Some components. 
As mentioned above, the relay node 102 might Success 

fully decode an initial transmission from the UE 110, while 
the access node 106 might not. The access node 106 might 
then request a retransmission, and both the UE 110 and the 
relay node 102 might synchronously retransmit. The UE 110 
might multiplex data and control information on the PUSCH 
for the second transmission. The relay node 102 might know 
the configuration of the UE's control information by either 
decoding the radio resource control (RRC) signaling sent by 
the access node to the UE or by receiving an explicit signal 
from the access node 106. In other words, the relay node 102 
knows where in each subframe the UE 110 will send control 
information and the amount of control information. However, 
the relay node 102 has no knowledge of the content of the 
control information and therefore cannot transmit the control 
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6 
information. As a result, when the relay node 102 and the UE 
110 transmit synchronously on the second transmission, the 
UE 110 will transmit both data and control information, while 
the relay node 102 will transmit data only. Consequently, the 
access node 106 will receive data from both the UE 110 and 
the relay node 102, but will receive control information only 
from the UE 110. 
To assist the access node 106 in performing channel esti 

mation, the relay node 102 could transmit the same DMRS on 
the same resource elements on which the UE 110 transmits 
the DMRS. In this case, the access node 106 will receive a 
combination of the DMRS from the UE 110 and the DMRS 
from the relay node 102. The access node 106 could then 
perform a channel estimate based on this combined signal, 
and this channel estimate could be used to demodulate the 
data signal. That is, since the UE 110 and the relay node 102 
transmit the same DMRS, and since both the UE 110 and the 
relay node 102 transmit the data, the access node 106 can use 
the combined DMRS from the UE 110 and the relay node 102 
to estimate the channel for the data. 

However, this channel estimate based on the combined 
DMRS from the UE 110 and the relay node 102 cannot be 
used to demodulate the control information, since the control 
information is transmitted only by the UE 110. To demodulate 
the control information, the access node 106 needs to use the 
DMRS received only from the UE 110, but the DMRS 
received from the UE 110 alone is different from the com 
bined DMRS received from the UE 110 and the relay node 
102. That is, even though the UE 110 and the relay node 102 
might have transmitted the same DMRS, each transmitted 
DMRS might encounter different conditions on the path to the 
access node 106. Therefore, the combined DMRS received by 
the access node 106 is different from each transmitted 
DMRS. A channel estimation performed by the access node 
106 on the combined DMRS is not applicable to the DMRS 
sent by the UE 110 alone or by the relay node 102 alone, and 
it is the DMRS sent by the UE 110 alone that the access node 
106 needs to use to perform channel estimation on the signal 
from the UE 110 and thereby decode the control information. 
The inability of the access node 106 to decode the control 
information may introduce system performance degradation. 

In one set of embodiments, techniques are provided Such 
that, when a relay node transmits data simultaneously with a 
UE transmitting the same data multiplexed with control infor 
mation, an access node receives a DMRS that was transmitted 
only by the UE. The access node can then use this DMRS to 
demodulate the control information. The access node can also 
receive a combined DMRS from both the UE and the relay 
node and can use the combined DMRS to decode the data. 

FIG. 3 illustrates an embodiment of one of these tech 
niques, which can be referred to as puncturing of the DMRS 
from the relay node. The grid on the left depicts a resource 
block that might be transmitted by a UE under this embodi 
ment, and the grid on the right depicts a resource block that 
might be transmitted by a relay node (abbreviated RN in the 
drawing) under this embodiment. In the resource block trans 
mitted by the relay node, resource elements in OFDM sym 
bols 230A, 230B, 230C, 230E, 230F, and 230G are depicted 
with the character “D” to illustrate that those OFDM symbols 
contain only data and no control information. While the two 
resource blocks are depicted side-by-side, it should be under 
stood that the two resource blocks would be transmitted syn 
chronously by the UE and the relay node when the relay node 
assists in a retransmission made by the UE. That is, the UE 
and the relay node would transmit DMRS signals in OFDM 
symbol 230D at substantially the same time. 
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It can be seen that the UE transmits DMRS signals on all of 
the resource elements in OFDM symbol 230D, as is typical 
for Release 8. The relay node, however, transmits DMRS 
signals on only a subset of the resource elements in OFDM 
symbol 230D. The DMRS from the relay node can thus be 
said to be “punctured. In this example, the relay node trans 
mits DMRS signals on the resource elements in subcarriers 
220A, 220C, 220E, 220G, 220I, and 220K. On the resource 
elements in subcarriers 220B, 220D, 220F, 220H, 220J, and 
220L, the relay node does not transmit. Therefore, an access 
node will receive DMRS signals from both the UE and the 
relay node in subcarriers 220A, 220C, 220E, 220G,220I, and 
220K on OFDM symbol 230D.The access node can use those 
DMRS signals to perform a channel estimation for the data 
and thereby decode the data. In subcarriers 220B, 220D, 
220F, 220H, 220J, and 22.0L on OFDM symbol 230D, the 
access node will receive DMRS signals only from the UE. 
The access node can use those DMRS signals to perform a 
channel estimation for the control information and thereby 
decode the control information. 

In other embodiments, other puncture patterns could be 
used on the relay node. That is, the subcarriers on which the 
relay node does and does not transmit the DMRS could be 
different from those shown in FIG. 3. Also, the puncture 
pattern can change from Subframe to subframe. The puncture 
pattern could be pre-configured at the relay node and the 
access node, or the access node could send the puncture 
pattern to the relay node Via RRC signaling or some other type 
of signaling. 
The resource blocks shown in FIG. 3 comprise one slot 

and, as mentioned previously, two slots comprise one Sub 
frame. In an embodiment, the relay node transmits the DMRS 
on same Subcarriers in each slot of a subframe. For example, 
the DMRS might be transmitted on subcarriers 220A, 220C, 
220E, 220G, 220I, and 220K in both slots. Alternatively, each 
slot in a subframe could have a different puncture pattern. For 
example, in the first slot of a subframe, the DMRS might be 
transmitted on Subcarriers 220A, 220C, 220E, 220G, 220I, 
and 220K, and in the second slot of a subframe, the DMRS 
might betransmitted on subcarriers 220B, 22.0D, 220F, 220H, 
220.J. and 220L. Having a different puncture pattern in each 
slot could allow the access node to perform a better channel 
estimation. Other puncture patterns could be used in the two 
slots of a subframe, as long as there is one set of Subcarriers 
per slot in which the relay node does not transmit the DMRS 
and only the UE transmits the DMRS. 

Multiple relay nodes might be present in a cell, and each 
might be involved in a coordinated retransmission with a UE. 
In some cases, there may be no need for a separate channel 
estimate for the retransmissions from each relay node. In Such 
cases, all of the relay nodes might transmit the DMRS on 
same subcarrier, and the access node might use these DMRS 
transmissions to decode the data transmitted by the relay 
nodes and the UE. This scenario is depicted in FIG. 4, where 
resource blocks that might be transmitted by a first relay node 
(RN1) and a second relay node (RN2) are shown in the center 
and the right side of the drawing, respectively. In this 
example, both RN 1 and RN 2 transmit the same DMRS on 
subcarriers 220A, 220C, 220E, 220G, 220I, and 220K but not 
on subcarriers 220B, 220D, 220F, 220H, 220J, and 220L. On 
subcarriers 220B, 22.0D, 220F, 220H, 220J, and 220L, only 
the UE transmits the DMRS, and the access node uses these 
DMRS transmissions to decode the control information trans 
mitted by the UE. 

In other cases, a separate channel estimate might be needed 
for the retransmissions from each of a plurality of relay nodes 
in a cell. For example, techniques known as transmit diversity 
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8 
and spatial multiplexing are sometimes used to improve the 
quality of transmissions from UEs and relay nodes. When an 
access node does not successfully decode a transmission and 
requests a retransmission, the access node might signal the 
UE and one or more relay nodes to form transmit diversity or 
spatial multiplexing for the retransmission. Alternatively, the 
access node might signal the UE not to retransmit and might 
signal two relay nodes to form transmit diversity or spatial 
multiplexing for the retransmission. In such cases, the access 
node might need to perform a separate channel estimation for 
each retransmission from each relay node. 

In an embodiment, in Such cases, each relay node transmits 
the DMRS on a different subcarrier. The UE, on either the 
initial transmission, a retransmission, or both, transmits the 
DMRS on all subcarriers as in the cases described above. On 
one set of subcarriers in which the UE is transmitting the 
DMRS, neither relay node transmits the DMRS, and the 
DMRS is transmitted from UE alone. The access node can 
perform a channel estimate on the channel from the UE to the 
access node based on the DMRS signals on the subcarriers on 
which only the UE is transmitting the DMRS. On the subcar 
riers on which the UE is transmitting the DMRS along with 
one of the relay nodes, the access node can perform a channel 
estimate on the combined channel from the UE to the access 
node and from that relay node to the access node. The access 
node can then subtract the channel estimate for the channel 
from the UE to the access node from the combined channel 
estimate to calculate a channel estimate for the channel from 
that relay node alone to the access node. A similar process can 
be repeated for other relay nodes in the cell to obtain indi 
vidual channel estimates for the channels from each relay 
node to the access node. 
An example of this embodiment is illustrated in FIG. 5. In 

this example, RN 1 transmits the DMRS on subcarriers 220A, 
220D, 220G, and 220.J. RN 2 transmits the DMRS on Subcar 
riers 220B, 220E, 220H, and 220K. The UE transmits on all 
subcarriers, and therefore transmits the DMRS on subcarriers 
220C, 220F, 220I, and 220L when neither RN1 nor RN 2 is 
transmitting the DMRS. The access node can perform a chan 
nel estimate on the channel from the UE to the access node 
based on the DMRS signals received in subcarriers 220C, 
220F, 220I, and 220L. The access node can perform a channel 
estimate on the combined channel from the UE to the access 
node and from RN 1 to the access node based on the DMRS 
signals received in subcarriers 220A, 220D, 220G, and 220.J. 
The access node can then subtract the channel estimate for the 
channel from the UE alone that was based on the DMRS 
signals received in subcarriers 220C, 220F, 220I, and 220L 
from the combined channel estimate based on the DMRS 
signals received in subcarriers 220A, 220D, 220G, and 220.J 
to calculate the channel estimate for RN1 alone. 

Similarly, the access node can perform a channel estimate 
on the combined channel from the UE to the access node and 
from RN 2 to the access node based on the DMRS signals 
received in subcarriers 220B, 220E, 220H, and 220K. The 
access node can then subtract the channel estimate for the 
channel from the UE alone from the combined channel esti 
mate based on the DMRS signals received in subcarriers 
220B, 220E, 220H, and 220K to calculate the channel esti 
mate for RN 2 alone. 

In other embodiments, other puncture patterns could be 
used by the relay nodes, as long as there is one set of Subcar 
riers on which only the UE transmits the DMRS and there is 
another set of subcarriers for each relay node on which that 
relay node and the UE transmit the DMRS together but no 
other relay node transmits the DMRS. 
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In an alternative set of embodiments, the DMRS transmit 
ted by a relay node is not punctured but is instead made 
orthogonal to the DMRS transmitted by a UE. One such 
embodiment, in which only a single relay node is present in a 
cell, is illustrated in FIG. 6. In FIG. 6, a diagram illustrating 
resource blocks with orthogonal demodulation reference sig 
nals according to an embodiment of the disclosure is shown. 
Although FIG. 6 refers to “shifted DMRS', this is merely an 
example of implementing orthogonal DMRS. Other schemes 
(e.g., Pseudo Noise sequence) can also be used to ensure the 
orthogonality of the DMRS. It can be seen that the relay node 
transmits the DMRS on the same resource elements in which 
the UE transmits the DMRS. However, the DMRS sequence 
transmitted by the relay node uses a different cyclic shift from 
the DMRS sequence transmitted by the UE. In this way, an 
access node can obtain separate channel estimates for the 
channel from the UE to the access node and for the channel 
from the relay node to the access node. The access node can 
use the channel estimate for the channel from the UE to the 
access node to demodulate the control signal. The access 
node can add the channel estimate for the channel from the 
UE to the access node to the channel estimate for the channel 
from the relay node to the access node. The access node can 
then use the sum of these two channel estimates to demodu 
late the data signal. 

For Release 8 UEs, the cyclic shift of the DMRS in a slot in 
is given as C2 Un/12, where 

2 nos. UE(ndMRs' +n DMrs' '+ners(n))mod 12 
The value ofnes' depends on the parameter cyclicShift 

provided by higher layers. notes’ depends on the cyclic 
shift for the DMRS field in the most recent DCI format 0 
associated with the corresponding PUSCH transmission. For 
a semi-persistently configured PUSCH transmission, 
nois’ is set to Zero. ners(n) is a function of slot index n. 

In an embodiment, the relay node's DMRS sequence is 
made orthogonal to that of UE by using the following equa 
tion in the calculation of the cyclic shift for the relay node: 

The delta value that is associated with the amount of cyclic 
shift could be pre-configured at both the relay node and the 
access node without any signaling. Alternatively, the delta 
value could be transmitted from the access node to the relay 
node Via RRC signaling or some other type of signaling. 
When multiple relay nodes are present in a cell and there is 

no need for a separate channel estimate for each relay node, 
the same DMRS signal (for example, the same cyclic shift) 
can be used for all of the relay nodes. The access node can use 
the channel estimate for the channel from the UE to the access 
node to demodulate the control signal and can use the channel 
estimate for the combined channels from the UE and all of the 
relay nodes to demodulate the data signal. A different cyclic 
shift could be used for each relay node, and the access node 
could derive separate channel estimates for each channel 
from a relay node to the access node, but this might waste 
orthogonal DMRS sequences. 
When multiple relay nodes are present in a cell, there may 

be some cases, such as when transmit diversity or spatial 
multiplexing is used, when there is a need for a separate 
channel estimate for each relay node. In such cases, each relay 
node can use a different cyclic shift for the DMRS. For 
example, in the equation given above for creating a DMRS 
orthogonal to that from the UE, a different delta value can be 
used for each relay node. The different delta values could be 
pre-configured at all of the relay nodes and at the access node 
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10 
without any signaling or could be transmitted from the access 
node to the relay nodes via RRC signaling or some other type 
of signaling. 
An example of this embodiment is illustrated in FIG. 7. In 

FIG. 7, a diagram illustrating resource blocks with three 
different orthogonal demodulation reference signals accord 
ing to an embodiment of the disclosure is shown. Although 
FIG. 7 refers to “DMRS shift, this is merely an example of 
implementing orthogonal DMRS. Other schemes (e.g. 
Pseudo Noise sequence) can also be used to ensure the 
orthogonality of the DMRS. In FIG.7, the DMRS from RN 1 
uses a first cyclic shift and the DMRS from RN 2 uses a 
second cyclic shift. The access node can use the channel 
estimate based on the DMRS received from the UE to 
demodulate the signal from the UE and can use the channel 
estimates based on the DMRS signals received from each of 
the relay nodes to demodulate the signals from each of the 
relay nodes. 
The use of orthogonal DMRS sequences is applicable to 

uplink multi-user multiple input/multiple output (MU 
MIMO) scenarios in which the two UEs may be associated 
with the same relay node or different relay nodes. If two UES 
are associated with different relay nodes, different orthogonal 
DMRS sequences may be assigned to the UEs and the relay 
nodes. If two UEs are associated with the same relay node, the 
relay node may need to have two or more transmit antennas to 
the access node, as the relay node may need to help the 
retransmissions from both UEs on the same resource blocks. 
The transmission from the relay node to the access node could 
be operated as two-layer spatial multiplexing. Different 
orthogonal DMRS sequences may be assigned to the UEs and 
the two layers from the relay node. The DMRStransmitted by 
the relay node could be precoded or non-precoded. 
The solutions described above can apply to both Release 8 

UEs and Release 10 UEs. That is, no modifications would be 
needed to Release 8 UEs in order to implement these solu 
tions, but Release 10 UEs could also implement these solu 
tions. If a Release 10 UE is aware that a relay node is present, 
additional Solutions are available. In an embodiment, an 
access node could inform a Release 10 UE that one or more 
relay nodes are present, and the UE could be aware of when it 
is transmitting by itself and when it is being assisted by a relay 
node. If the UE knows that is transmitting by itself, it can 
transmit the DMRS in all subcarriers. 

Alternatively, if a Release 10 UE knows that it is being 
assisted in a retransmission by one or more relay nodes, the 
UE might not transmit the DMRS in all subcarriers. That is, 
since modifications can be made to the manner in which 
Release 10 UEs transmit the DMRS, the DMRS transmitted 
by a Release 10 UE can be punctured, as described above for 
the DMRS transmitted by a relay node. If a separate channel 
estimate is not needed for each relay node, each relay node 
can transmit the DMRS on the same subcarriers, and the UE 
can transmit the DMRS on subcarriers different from those on 
which the relay nodes transmit the DMRS. 
An example of this embodiment is illustrated in FIG.8. The 

UE knows that it is being assisted by at least one relay and, in 
this example, transmits the DMRS only in subcarriers 220B, 
220D, 220F, 220H, 220J, and 220L. RN1 and RN 2 transmit 
the DMRS only in subcarriers 220A, 220C, 220E, 220G, 
220I, and 220K. The access node can use the channel estimate 
based on the DMRS signals received from the UE to demodu 
late the signal from the UE and can use the channel estimate 
based on the DMRS signals received from the relay nodes to 
demodulate the signals from the relay nodes. In alternative 
embodiments, the UE could have a puncture pattern different 
from that depicted, and the relay nodes could have a puncture 
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pattern different from that of the UE but the same as each 
others. The puncture patterns could be pre-configured at the 
relay nodes and at the access node without any signaling or 
could be transmitted from the access node to the relay nodes 
via RRC signaling or some other type of signaling. The access 
node can inform the UE of the puncture pattern that the UE 
should use via RRC signaling or physical downlink control 
channel (PDCCH) signaling. 

If a separate channel estimate is needed for each of a 
plurality of relay nodes, the UE and each of the relay nodes 
can transmit the DMRS with a different puncture pattern. An 
example of this embodiment is illustrated in FIG.9, where the 
UE transmits the DMRS on Subcarriers 220A, 220D, 220G, 
and 220.J., RN1 transmits the DMRS on Subcarriers 220B, 
220E, 220H, and 220K, and RN2 transmits the DMRS on 
subcarriers 220C, 220F, 220I, and 220L. That is, frequency 
division multiplexing, in which each of the three components 
transmits the DMRS on a different subcarrier, is used. The 
access node can use the channel estimate based on the DMRS 
signals received from each of these components to demodu 
late each of the signals from each of these components. In 
alternative embodiments, the UE and the relay nodes could 
have puncture patterns different from those depicted and all 
different from each other. The puncture patterns could be 
pre-configured at the relay nodes and at the access node 
without any signaling or could be transmitted from the access 
node to the relay nodes via RRC signaling or some other type 
of signaling. The access node can inform the UE of the punc 
ture pattern that the UE should use via RRC signaling or 
PDCCH signaling. 
An example of an alternative embodiment for the case 

where a separate channel estimate is needed for each of a 
plurality of relay nodes is illustrated in FIG. 10. Although 
FIG. 10 refers to “DMRS shift’, this is merely an example of 
implementing orthogonal DMRS. Other schemes (e.g., 
Pseudo Noise sequence) can also be used to ensure the 
orthogonality of the DMRS. In this case, a combination of 
frequency division multiplexing (FDM) and code division 
multiplexing (CDM) is used. The UE transmits a DMRS on 
subcarriers 220A, 220D, 220G, and 220.J. RN 1 transmits a 
DMRS on subcarriers 220B, 220C, 220E, 220F, 220H, 220I, 
220K, and 220L. RN 2 also transmits a DMRS on subcarriers 
220B, 220C, 220E, 220F, 220H, 220I, 220K, and 220L, but 
RN 2 transmits a DMRS orthogonal to that of RN1. That is, 
FDM is used so that the UE and the relay nodes transmit on 
different resource elements, and CDM is used so that the relay 
nodes transmit DMRS signals orthogonal to each other. In 
FIG. 10, there may be multiple ways to implement orthogonal 
DMRS signals among different RNs. For example, DMRS on 
two consecutive resource elements (220B and 220C, 220E 
and 220F, 220 Hand 220I, 220K and 220L) can be made to be 
orthogonal among different RNs. Alternatively, DMRS on 
other combination of resource elements can be made to be 
orthogonal among different RNs. The transmission of the 
DMRS signals from the relay nodes on consecutive subcar 
riers as shown can improve the channel estimate made by the 
access node. In other embodiments, the UE and the relay 
nodes could have different puncture patterns that provide a 
combination of FDM and CDM. 

FIG. 11 illustrates an embodiment of a method 1100 for 
providing an access node with a DMRS. At block 1110, when 
the UE and at least one relay node are present in a cell, the 
relay node transmits the DMRS on a subset of a set of 
resource elements in which the UE transmits the DMRS. 

FIG. 12 is a flowchart of a method for an access node to 
perform channel estimation according to an embodiment of 
the disclosure. At block 1210, when a UE and at least one 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
relay node are present in a cell, the access node receives from 
the UE and the relay node DMRS signals that are orthogonal 
to one another. At block 1220, the access node performs a first 
channel estimation based on the DMRS that was transmitted 
by the UE. At block 1230, the access node performs a second 
channel estimation based on the DMRS that was transmitted 
by the relay node. At block 1240, the access node combines 
the first channel estimation with the second channel estima 
tion to derive a combined channel estimation. At block 1250, 
the access node uses the first channel estimation to demodu 
late control information received from the UE. At block 1260, 
the access node uses the combined channel estimation to 
demodulate data received from both the UE and the relay 
node. 
The UA 110, the relay node 102, the access node 106, and 

other components described above might include a process 
ing component that is capable of executing instructions 
related to the actions described above. FIG. 13 illustrates an 
example of a system 1300 that includes a processing compo 
nent 1310 suitable for implementing one or more embodi 
ments disclosed herein. In addition to the processor 1310 
(which may be referred to as a central processor unit or CPU), 
the system 1300 might include network connectivity devices 
1320, random access memory (RAM) 1330, read only 
memory (ROM) 1340, secondary storage 1350, and input/ 
output (I/O) devices 1360. These components might commu 
nicate with one another via a bus 1370. In some cases, some 
of these components may not be present or may be combined 
in various combinations with one another or with other com 
ponents not shown. These components might be located in a 
single physical entity or in more than one physical entity. Any 
actions described hereinas being taken by the processor 1310 
might be taken by the processor 1310 alone or by the proces 
sor 1310 in conjunction with one or more components shown 
or not shown in the drawing. Such as a digital signal processor 
(DSP) 1380. Although the DSP 1380 is shown as a separate 
component, the DSP 1380 might be incorporated into the 
processor 1310. 
The processor 1310 executes instructions, codes, computer 

programs, or scripts that it might access from the network 
connectivity devices 1320, RAM 1330, ROM 1340, or sec 
ondary storage 1350 (which might include various disk-based 
systems such as hard disk, floppy disk, or optical disk). While 
only one CPU 1310 is shown, multiple processors may be 
present. Thus, while instructions may be discussed as being 
executed by a processor, the instructions may be executed 
simultaneously, serially, or otherwise by one or multiple pro 
cessors. The processor 1310 may be implemented as one or 
more CPU chips. 
The network connectivity devices 1320 may take the form 

of modems, modem banks, Ethernet devices, universal serial 
bus (USB) interface devices, serial interfaces, token ring 
devices, fiber distributed data interface (FDDI) devices, wire 
less local area network (WLAN) devices, radio transceiver 
devices such as code division multiple access (CDMA) 
devices, global system for mobile communications (GSM) 
radio transceiver devices, worldwide interoperability for 
microwave access (WiMAX) devices, and/or other well 
known devices for connecting to networks. These network 
connectivity devices 1320 may enable the processor 1310 to 
communicate with the Internet or one or more telecommuni 
cations networks or other networks from which the processor 
1310 might receive information or to which the processor 
1310 might output information. The network connectivity 
devices 1320 might also include one or more transceiver 
components 1325 capable of transmitting and/or receiving 
data wirelessly. 
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The RAM 1330 might be used to store volatile data and 
perhaps to store instructions that are executed by the proces 
sor 1310. The ROM 1340 is a non-volatile memory device 
that typically has a smaller memory capacity than the 
memory capacity of the secondary storage 1350. ROM 1340 
might be used to store instructions and perhaps data that are 
read during execution of the instructions. Access to both 
RAM 1330 and ROM 1340 is typically faster than to second 
ary storage 1350. The secondary storage 1350 is typically 
comprised of one or more disk drives or tape drives and might 
be used for non-volatile storage of data or as an over-flow data 
storage device if RAM 1330 is not large enough to hold all 
working data. Secondary storage 1350 may be used to store 
programs that are loaded into RAM 1330 when such pro 
grams are selected for execution. 
The I/O devices 1360 may include liquid crystal displays 

(LCDS), touch screen displays, keyboards, keypads, 
Switches, dials, mice, track balls, Voice recognizers, card 
readers, paper tape readers, printers, video monitors, or other 
well-known input/output devices. Also, the transceiver 1325 
might be considered to be a component of the I/O devices 
1360 instead of or in addition to being a component of the 
network connectivity devices 1320. 
The following are incorporated herein by reference for all 

purposes: 3GPP TS 36.814, 3GPP TR36.211, and 3GPP TR 
36.331. 

In an embodiment, a method for an access node to perform 
channel estimation is provided. The method includes, when a 
user equipment (UE) and at least one relay node are present in 
a cell with the access node, the access node receiving from the 
UE and from the at least one relay node demodulation refer 
ence signals (DMRS) that are cyclically shifted relative to one 
another. The method further includes the access node per 
forming a first channel estimation based on the DMRS that 
was transmitted by the UE. The method further includes the 
access node performing a second channel estimation based on 
the DMRS that was transmitted by the at least one relay node. 
The method further includes the access node combining the 
first channel estimation with the second channel estimation to 
derive a combined channel estimation. The method further 
includes the access node using the first channel estimation to 
demodulate control information received from the UE. The 
method further includes the access node using the combined 
channel estimation to demodulate data received from both the 
UE and the at least one relay node. 

In another embodiment, an access node is provided. The 
access node includes a processor configured Such that, when 
a user equipment (UE) and at least one relay node are present 
in a cell with the access node, the access node receives from 
the UE and from the at least one relay node demodulation 
reference signals (DMRS) that are cyclically shifted relative 
to one another. The access node performs a first channel 
estimation based on the DMRS that was transmitted by the 
UE. The access node performs a second channel estimation 
based on the DMRS that was transmitted by the at least one 
relay node. The access node combines the first channel esti 
mation with the second channel estimation to derive a com 
bined channel estimation. The access node uses the first chan 
nel estimation to demodulate control information received 
from the UE. The access node uses the combined channel 
estimation to demodulate data received from both the UE and 
the at least one relay node. 

In another embodiment, a method for a user equipment 
(UE) to transmit a demodulation reference signal (DMRS) is 
provided. The method includes, when the UE and at least one 
relay node are present in a cell with an access node, the UE 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
transmitting to the access node a DMRS that is cyclically 
shifted relative to a DMRS transmitted by the at least one 
relay node. 

In another embodiment, a user equipment (UE) is pro 
vided. The UE includes a processor configured such that, 
when the UE and at least one relay node are present in a cell 
with an access node, the UE and the at least one relay node 
transmit demodulation reference signals (DMRS) that are 
cyclically shifted relative to one another. 

In another embodiment, a method for a relay node to trans 
mit a demodulation reference signal (DMRS) is provided. 
The method includes, when a user equipment (UE) is present 
in a cell with the relay node and an access node, the relay node 
transmitting to the access node a DMRS that is cyclically 
shifted relative to a DMRS transmitted by the UE. 

In another embodiment, a relay node is provided. The relay 
node includes a processor configured such that, when the 
relay node is present in a cell with a user equipment (UE) and 
an access node, the relay node and the UE transmit demodu 
lation reference signals (DMRS) that are cyclically shifted 
relative to one another. 

While several embodiments have been provided in the 
present disclosure, it should be understood that the disclosed 
systems and methods may be embodied in many other spe 
cific forms without departing from the spirit or scope of the 
present disclosure. The present examples are to be considered 
as illustrative and not restrictive, and the intention is not to be 
limited to the details given herein. For example, the various 
elements or components may be combined or integrated in 
another system or certain features may be omitted, or not 
implemented. 

Also, techniques, systems, subsystems and methods 
described and illustrated in the various embodiments as dis 
crete or separate may be combined or integrated with other 
systems, modules, techniques, or methods without departing 
from the scope of the present disclosure. Other items shown 
or discussed as coupled or directly coupled or communicating 
with each other may be indirectly coupled or communicating 
through some interface, device, or intermediate component, 
whether electrically, mechanically, or otherwise. Other 
examples of changes, Substitutions, and alterations are ascer 
tainable by one skilled in the art and could be made without 
departing from the spirit and scope disclosed herein. 

What is claimed is: 
1. A method for an access node to perform channel estima 

tion, comprising: 
whena user equipment (UE) and at least one relay node are 

present in a cell with the access node, the access node 
receiving a first demodulation reference signal (DMRS) 
from the UE in a resource block containing both data and 
control information and receiving a second DMRS from 
the at least one relay node in a resource block containing 
only the data and the second DMRS, wherein the DMRS 
from the UE is orthogonal to the DMRS from the at least 
one relay node; 

the access node performing a first channel estimation based 
on the DMRS that was transmitted by the UE: 

the access node performing a second channel estimation 
based on the DMRS that was transmitted by the at least 
one relay node; 

the access node adding the first channel estimation to the 
second channel estimation to derive a combined channel 
estimation; 

the access node using the first channel estimation to 
demodulate the control information received from only 
the UE; and 
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the access node using the combined channel estimation to 
demodulate the data received from both the UE and the 
at least one relay node. 

2. The method of claim 1, wherein an amount of cyclic shift 
of the DMRS from the UE is determined by use of the fol 
lowing equation: 

2 n (ndars'+npurs'+nprs(n))mod 12 

and wherein an amount of cyclic shift of the DMRS from 
the at least one relay node is determined by use of the 
following equation: 

wherein n is related to the amount of cyclic shift of the 
DMRS from the UE, wherein new is related to the 
amount of cyclic shift of the DMRS from the at least one 
relay node, wherein notes', notes', and ners(n) are 
defined in 3rd Generation Partnership Project (3GPP) 
Technical Specification (TS) 36.211, and wherein the 
delta value creates orthogonality between the DMRS 
from the UE and the DMRS from the at least one relay 
node. 

3. The method of claim 2, wherein the delta value is one of: 
preconfigured in at least one relay node; and 
wirelessly transmitted to at least one relay node. 
4. The method of claim 1, wherein, when a plurality of 

relay nodes are present in the cell, the access node receives the 
same DMRS signal from the plurality of relay nodes that is 
orthogonal to the DMRS received from the UE. 

5. The method of claim 1, wherein, when a plurality of 
relay nodes are present in the cell, the DMRS signals that the 
access node receives from the plurality of relay nodes have 
different cyclic shifts relative to one another and to the DMRS 
received from the UE, and the access node performs a sepa 
rate channel estimation for each of the plurality of relay nodes 
based on the DMRS signal that the access node receives from 
each of the plurality of relay nodes. 

6. The method of claim 1, wherein, when a plurality of 
relay nodes are present in the cell, the access node receives the 
DMRS from the UE in a first subset of a set of resource 
elements available to the UE and the relay nodes, and the 
access node receives the DMRS from all of the relay nodes in 
a second subset of the set of resource elements available to the 
UE and the relay nodes, and the access node performs a 
separate channel estimation for each of the plurality of relay 
nodes based on the DMRS signal that the access node 
receives from each of the plurality of relay nodes, the first 
Subset and the second Subset being different, and resource 
blocks containing the first Subset and the second Subset being 
transmitted synchronously, and DMRS received from the 
relay nodes is orthogonal to the DMRS received from each 
other relay node. 

7. The method of claim 1, wherein the control information 
is received via a physical uplink control channel. 

8. The method of claim 7, wherein the data is received via 
a physical uplink shared channel. 

9. An access node, comprising: 
a processor configured Such that, when a user equipment 

(UE) and at least one relay node are present in a cell with 
the access node, the access node receives a first demodu 
lation reference signal (DMRS) from the UE in a 
resource block containing both data and control infor 
mation and receives a second DMRS from the at least 
one relay node in a resource block containing only the 
data and the second DMRS, wherein the DMRS from the 
UE is orthogonal to the DMRS from the at least one relay 
node, the access node performs a first channel estimation 
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based on the DMRS that was transmitted by the UE, the 
access node performs a second channel estimation based 
on the DMRS that was transmitted by the at least one 
relay node, the access node adds the first channel esti 
mation to the second channel estimation to derive a 
combined channel estimation, the access node uses the 
first channel estimation to demodulate the control infor 
mation received from only the UE, and the access node 
uses the combined channel estimation to demodulate the 
data received from both the UE and the at least one relay 
node. 

10. The access node of claim 9, wherein an amount of 
cyclic shift of the DMRS from the UE is determined by use of 
the following equation: 

2 n (ndars'+npurs'+nprs(n))mod 12 

and wherein an amount of cyclic shift of the DMRS from 
the at least one relay node is determined by use of the 
following equation: 

n. RN-(npurs'+ndars'-npes(n)+delta)mod 12 

wherein n is related to the amount of cyclic shift of the 
DMRS from the UE, wherein new is related to the 
amount of cyclic shift of the DMRS from the at least one 
relay node, wherein nours', notes', and ners(n) are 
defined in 3rd Generation Partnership Project (3GPP) 
Technical Specification (TS) 36.211, and wherein the 
delta value creates orthogonality between the DMRS 
from the UE and the DMRS from the at least one relay 
node. 

11. The access node of claim 10, wherein the delta value is 
one of 

preconfigured in the at least one relay node; and 
wirelessly transmitted to the at least one relay node. 
12. The access node of claim 9, wherein, when a plurality 

of relay nodes are present in the cell, the access node receives 
the same DMRS signal from the plurality of relay nodes that 
is orthogonal to the DMRS received from the UE. 

13. The access node of claim 9, wherein, when a plurality 
of relay nodes are present in the cell, the DMRS signals that 
the access node receives from the plurality of relay nodes 
have different cyclic shifts relative to one another and to the 
DMRS received from the UE, and the access node performs a 
separate channel estimation for each of the plurality of relay 
nodes based on the DMRS signal that the access node 
receives from each of the plurality of relay nodes. 

14. The access node of claim 9, wherein, when a plurality 
of relay nodes are present in the cell, the access node receives 
the DMRS from the UE in a first subset of a set of resource 
elements available to the UE and the relay nodes, and the 
access node receives the DMRS from all of the relay nodes in 
a second subset of the set of resource elements available to the 
UE and the relay nodes, and the access node performs a 
separate channel estimation for each of the plurality of relay 
nodes based on the DMRS signal that the access node 
receives from each of the plurality of relay nodes, the first 
Subset and the second Subset being different, and resource 
blocks containing the first Subset and the second Subset being 
transmitted synchronously, and DMRS received from the 
relay nodes is orthogonal to the DMRS received from each 
other relay node. 

15. The access node of claim 9, wherein the control infor 
mation is received via a physical uplink control channel. 

16. The access node of claim 15, wherein the data is 
received via a physical uplink shared channel. 
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