3GPP TSG-RAN WG1 Meeting #78
R1-143204
Dresden, Germany, 18th – 22nd August 2014
Agenda item:

7.2.3.2.2
Source:
Microsoft Corporation
Title:
HARQ-ACK transmission for UE working in D2D communication Mode 1
Document for:

Discussion and Decision

1
Introduction
During RAN1#77 meetings, D2D signal design for discovery and communication was extensively discussed and an important agreement on D2D gap was reached as below [1].  
Agreement: 

· For all UEs, 1-symbol gap is used in every D2D transmission subframe.

· UE drops the entire D2D transmission in subframe n if a D2D transmission without TA is scheduled in subframe n and a transmission with TA>1 symbol is scheduled in subframe n+1.

· FFS whether any special consideration is needed for “a transmission with TA > 1 symbol” when the WAN UL transmission is on a different carrier. 

Additionally, regarding the transmission timing of in-coverage UE, UL timing is agreed for Mode 1 UE to transmit broadcast data in order to avoid ICI at eNB side. The detailed agreement is listed below:

Agreements:
· For in-coverage UEs

· SA uses DL Timing
· For Mode 1, Data timing uses UL Timing
· For Mode 2, FFS: Data uses DL Timing or UL Timing

· DL timing := T2 = 0 (FDD) and T2 = 624TS (TDD)

· UL Timing := TA + DL timing

With above agreement, we can see the last symbol of every D2D subframe is vacant especially for D2D Mode 1 UE
In this contribution, we present our views on HARQ-ACK transmission when in-coverage UE is working in D2D Mode 1.
2
Multiplexing between WAN and D2D transmission 
In LTE cellular system, upon receiving PDSCH or PDCCH indicating DL SPS release in DL subframe n, UE shall report the corresponding ACK/NACK in UL subframe n+x, where x=4 for FDD and predefined in Table 10.1-1 in TS36.213 for TDD. Therefore, for FDD, in UL subframe n+4, if this UE is also a D2D Tx UE, then it can not transmit D2D signal due to the prioritization of WAN over D2D. Consequently all other D2D Rx UE within the coverage of this UE loses one opportunity in their receptions. Considering D2D transmission in a slow scale, it has large impact on D2D service. If we prioritize D2D data broadcasting over cellular ACK/NACK transmission, then unnecessary DL retransmission will be caused due to no UL feedback to eNB which results in DL performance loss. This may lead to DL performance degradation especially when a lot of subframes are used for D2D communications. In this sense, the eNB may have to avoid such UE’s DL scheduling in those subframes whose corresponding ACK/NACK transmission will happen in D2D subframes. Severer DL performance degradation is caused for this UE.
Observation 1: The problem that HARQ-ACK transmission may conflict with D2D transmission in the same subframe needs to be solved in order to avoid performance loss of WAN and D2D.

To handle this problem, DL HARQ reference TDD UL/DL configuration is proposed in [2] to change the HARQ-ACK timing to the UL subframes which are not used for D2D transmission/reception. Although DL HARQ reference UL/DL configuration has been agreed in Rel-11 inter-band TDD CA and Rel-12 TDD eIMTA, it is a pure TDD feature and difficult to extend this feature to FDD UE supporting D2D. Furthermore, considering there are a lot of different D2D subframe configurations, e.g., different periods and offsets, etc., it is quite difficult to find an appropriate TDD UL/DL configuration as DL HARQ reference. Especially, new timing will be introduced for FDD.
3
HARQ-ACK transmission for UE working in D2D communication Mode 1 
As shown in Section 1, for all UEs, 1-symbol gap is used in every D2D transmission subframe. Meanwhile, in-coverage Mode 1 UE follows UL timing for data transmission. In this case, the last symbol of D2D data is useless. So we propose to multiplex the HARQ-ACK implicitly in the gap symbol. In detail, for D2D-enabled UE working in Mode 1, if UL HARQ-ACK transmission happens in the same subframe with D2D data broadcasting, the ACK/NACK feedback can be multiplexed with D2D data in the same subframe and implicitly indicated by transmitting SRS in the gap of D2D subframe with two SRS repetition factors (RPF) corresponding to two status (ACK or NACK). For example, SRS with RPF=1 corresponding to ACK and SRS with RPF=2 corresponding to NACK, which are shown in Figure 1(a) and 1(b). 
At eNB side, if eNB schedules DL subframe and its corresponding ACK/NACK will be transmitted in a D2D data subframe, then eNB shall try to detect the ACK/NACK feedback in the last symbol of the D2D subframe according to predefined DL HARQ timing. At UE side, upon receiving DL scheduling, according to predefined DL HARQ timing, if the corresponding ACK/NACK transmission happens in the same subframe with D2D data broadcasting, the UE can feedback the implicit ACK or NACK to eNB by means of transmitting the SRS with RPF=1 or 2 (i.e., odd-comb or even-comb) simultaneously with D2D data in this subframe; if the corresponding ACK/NACK transmission has no conflict with D2D data broadcasting, the UE can transmit HARQ-ACK to eNB in PUCCH without multiplexing with D2D transmission.
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Figure 2(a): D2D data with implicit ACK transmission (SRS in gap with RPF=1)
[image: image2.png]One subframe, 1ms
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Figure 2(b): D2D data with implicit NACK transmission (SRS in gap with RPF=2)
Proposal 1: HARQ-ACK can be multiplexed implicitly in the last symbol of D2D data subframe in D2D Mode 1.
In this way, D2D communication Mode 1 UE can simultaneously transmit both D2D data and HARQ-ACK in the same subframe then avoid performance loss of D2D or cellular. Additionally, since the proposed implicit ACK/NACK is transmitted in the last symbol of D2D subframe (D2D gap), there is not any impact on D2D Rx UE and not any resource waste for system. The important point is no new DL HARQ timing is introduced.

4          Conclusion
In this contribution, we investigate the multiplexing between WAN and D2D transmission and focus on HARQ-ACK transmission for UE working in Mode 1. Based on above analysis, we have the following proposals and observations:
Observation 1: The problem that HARQ-ACK transmission may conflict with D2D transmission in same subframe needs to be solved in order to avoid performance loss of WAN and D2D.

Proposal 1: HARQ-ACK can be multiplexed implicitly in the last symbol of D2D data subframe in D2D Mode 1.
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