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1 Introduction
For support of SL enhancemnnent for unicast and/or groupcast communication, RAN1 has made the following agreements [1] in RAN1#94 meeting: 
	· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.

· HARQ feedback 

· CSI acquisition

· Open loop and/or closed-loop power control

· Link adaptation
· Multi-antenna transmission scheme


In this paper, we will discuss some key aspects related to previous agreements such as HARQ for unicast and groupcast.

2 Discussions
2.1.  HARQ for SL unicast communication

To support sidelink (SL) unicast communication, HARQ mechanism associated with A/N feedback should be studied.  For unicast, HARQ transmission can be potentially controlled by gNB for the in-coverage case or controlled by UEs themselves for out-of-coverage case. For gNB controlled SL HARQ transmission, there is potential for gNB to know all HARQ transmission related information such as SL A/N, SL resource allocation, SL scrambling ID, etc. So gNB may perform the SL HARQ retransmission directly. Therefore, there can be two modes for SL HARQ retransmission as illustrated in Figure 1a and 1b respectively depending on whether HARQ retransmission is done by gNB or Tx UE.

In both mode 1 and mode 2 HARQ transmission, Tx (and Rx) UE(s) may firstly receive the DL grant from base station with scheduling information for the first SL data transmission (and the corresponding A/N resources for HARQ feedback).  Then Tx UE performs the 1st data transmission to Rx UE. Due to the broadcast property for transmission and the known SL information at gNB, gNB can also receive the SL data correctly with proper channel condition and power control in SL. When Rx UE send NACK to Tx UE in case of failure of data reception, BS can also receive such feedback information.
Mode 1: SL HARQ retransmission performed by V2X Tx UE (with control by gNB), as shown in Figure 1a.
For HARQ re-transmission in mode 1 (i.e., starting from step 4 in figure 1a), gNB may send SL grant for SL data retransmission, if it is NACK and BS also fails for SL data reception. Then Tx UE perform the SL data retransmission following the SL grant from BS. Accordingly, Rx UE will reply ACK in the SL if received correctly.

Mode 2: SL HARQ retransmission performed by gNB, as shown in Figure 1a.

For HARQ re-transmission in mode 2 (i.e., starting from step 4 in figure 1b), gNB may perform SL data retransmission in uu link to Rx UE(s) directly, e.g, if it is NACK and BS has received the SL data correctly. Accordingly, Rx UE may reply ACK in the uu link if received correctly.
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Figure 1a, SL data retransmission by V2X Tx UE (mode 1)
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Figure 1b, SL data retransmission by gNB (mode 2)


As shown in Figure 1a and 1b, the retransmission for SL unicast data transmission can be done either by V2X Tx UE or gNB. To support efficient HARQ retransmission in SL unicast/groupcast communication, the adaptive retransmission can be supported by selecting BS or V2X Tx UE dynamically to perform HARQ retransmission for SL communication depending on the SL A/N information and the channel condition. At least, such operation can be supported for the in-coverage scenario. For the out-of-coverage scenario, maybe only mode 1 without gNB control can be supported.

Proposal 1: NR supports the hybrid SL HARQ retransmission mechanism by adaptively selecting gNB or Tx UE to perform retransmission.

2.2. HARQ for SL groupcast communication
HARQ can still be applied for groupcast (multicast) but may incur a large overhead when the number of destination UEs increases. First, the source UE has to inform each destination UE a dedicated time-frequency resource of their ACK/NACK as shown in Figure 2a. Second, the total time-frequency resource for ACK/NACK is proportional to the number of destination UEs. However, knowing one particular UE’s ACK/NACK is only useful when its CSI is available for link adaptation. Otherwise, it is sufficient that the source UE learns whether it needs a retransmission or not. Gathering CSI from all destination UEs requires even more communication resources.
Observation 1: UE specific A/N resource to enable groupcast HARQ is challenging due to its complexity and feasibility.
Observation 2: It is not necessary to know which UE fails for reception in groupcast communication.
Based on the observation that the identity of ACK/NACK can be irrelevant for some use cases, we propose the following simplified HARQ mechanism as shown in figure 2b: Only a single time-frequency resource is allocated for feedback. This resource is shared by all destination UEs. If a destination UE fails to decode the data channel, it sends a NACK on the shared resource; otherwise, it does nothing (i.e., no ACK is sent). The signal or sequence indicating NACK is the same for all destination UEs. The source UE detects the received power of the NACK signal or sequence. If the received power is higher than some predetermined threshold, then the source UE performs a retransmission if the maximum number of transmission is not reached yet. 

If the detected power level is low, then there are two possibilities. First, most destination UEs have successfully decoded the data channel. Second, most destination UEs cannot even decode the control channel. In order to distinguish the two cases, we can introduce additional resource for returning ACK. The resource of ACK has to be orthogonal to the resource of NACK. If the total received power of ACK and NACK is lower than some threshold, then the reliability of control channel should be increased. The threshold for the total received power of ACK and NACK may depend on the number of destination UEs.
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Figure 2a. Conventional HARQ with UE distinction
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Figure 2b. HARQ feedback without UE distinction

Proposal 2: NR may support the simplified HARQ feedback mechanism for groupcast communication with the single A/N resource shared by all UE.

2.3. CSI for SL communication
CSI feedback is typically used for link adaptation to improve the transmission efficiency. However, different than the stable and relative fixed interference in the downlink of the uu interference, the SL interference may be more dynamically varying with more dramatic changes due to unpredictable and aperiodical SL transmissions. Therefore, it also imposes some challenges on CQI/RI/PMI measurement and their application for link adaptation. The accuracy on the CSI measurement for SL should be evaluated for the gain in the practical deployment, which may depend on the traffic load and traffic type. Further, the link adaptation based on the coarse measurement may also have the impact the on reliability and latency for SL.
Observation 3: SL interference may be more dynamically varying due to unpredictable and aperiodical SL transmissions, depending on the traffic load and type. 
Proposal 3: CSI for SL communication should be studied with more dynamic traffic load and type.

3. Conclusions
In summary, based on the above discussion we have the following observations and proposals for support of unicast/groupcast communications:
Observations:
Observation 1: UE specific A/N resource to enable groupcast HARQ is challenging due to its complexity and feasibility.
Observation 2: It is not necessary to know which UE fails for reception in groupcast communication.
Observation 3: SL interference may be more dynamically varying due to unpredictable and aperiodical SL transmissions, depending on the traffic load and type. 
Proposals:
Proposal 1: NR supports the hybrid SL HARQ retransmission mechanism by adaptively selecting gNB or Tx UE to perform retransmission.
Proposal 2: NR may support the simplified HARQ feedback mechanism for groupcast communication with the single A/N resource shared by all UE.

Proposal 3: CSI for SL communication should be studied with more dynamic traffic load and type.
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