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Introduction
[bookmark: _GoBack]The Rel-16 NR V2X WI was approved in RAN#83. The objective of the WI [1] relevant to the SL physical layer procedure is shown below.  
	· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
· Power control [RAN1, RAN2]


In this contribution, we provide our views on SL physical layer procedure with emphasis on the groupcast communication. Power control and HARQ procedures in groupcast are discussed in Sections 2 and 3, respectively. 
Power control in groupcast
Open loop power control in groupcast
In RAN1 AH1901 and RAN1#96, the following agreements were made about the power control of V2X.
	Agreements:
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed
Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 



According to the agreements, the open loop power control based on the pathloss between TX UE and RX UE(s) for groupcast is FFS. In our view, a mechanism in groupcast to give the TX UE the knowledge about the pathloss of RX UE(s) should be supported. When this mechanism is activated, the TX UE can adjust the TX power based on the pathloss. Without this pathloss knowledge, the TX UE can simply perform transmission using the maximum power, which induces too much interference for the channel. 
Proposal #1: for groupcast, it is supported the pathloss between the TX UE and the RX UE(s) is known to the TX UE. The TX UE adjusts the transmit power based on the knowledge of pathloss.
As agreed in RAN1#96, for unicast, the open loop power control mechanism (called Method 1) is the TX UE transmits the pilot signal, and the RX UE reports the SL-RSRP to the TX UE. Based on the reported SL-RSRP from the RX UE, the TX UE can derive the pathloss estimation. 
Another mechanism (called Method 2) used by eMBB uplink power control (but not used for SL unicast) is the RX UE transmits the pilot signal and also indicates the pilot signal transmit power, and the TX UE derives the pathloss according to the measured pilot signal received power.
For V2X, the advantage of Method 1 comes from the fact that the V2X communication is peer-to-peer and many UEs keep moving. The transmit power of data packets as well as the pilot signal may be adjusted frequently. It is not efficient (as Method 2) to have the RX UE indicates the transmit power of the pilot signal.  Therefore, the mechanism of open loop power control in unicast can be reused for groupcast. 
Proposal #2: for open loop power control in groupcast based on the pathloss between TX UE and RX UE, the TX UE transmits the pilot signal, and the RX UE reports the SL-RSRP to the TX UE. 
Connection establishment of groupcast
RAN2 has agreed that there is no 1-to-many connection establishment for groupcast, so in that sense groupcast could always be connection-less. But it is still open that the 1-to-1 connection procedures could be used for pairs of UEs within the group, e.g., each RX UE could have a connection to the TX UE. 
For groupcast, the design of reporting/feedback depends on the connection management of groupcast, i.e., groupcast is connection-less or connection based. The reporting mechanism of groupcast SL RSRP by RX UE is to be discussed along with groupcast HARQ feedback in Section 3. 
Observation #1: the design of reporting/feedback of groupcast depends on the connection management of groupcast is connection-less or connection based.
HARQ procedures in groupcast
The discussion in this section is separated into two parts according to the connection establishment of groupcast, i.e., connection-less groupcast and connection based groupcast.
Groupcast is connection-less
The implication of connection-less groupcast is no UE specific configuration is possible for RX UEs. Thus, for HARQ feedback, RX UEs should share a common resource.
Bit width of HARQ feedback
In the design of groupcast HARQ feedback channel, it is needed to know the bit width of the HARQ feedback. The bit width is dependent on issues such as whether CBG is supported, number of HARQ acknowledgements in a HARQ feedback, and so on. 
CBG in groupcast 
In groupcast, retransmission of a CBG can be waived only when all RX UEs successfully receive the CBG. Thus, the gain of CBG in groupcast is expected to be smaller than in unicast. In our view, CBG in groupcast is not supported due to the limited gain. 
Number of HARQ acknowledgements per HARQ feedback
Multiple HARQ acknowledgements per HARQ feedback may happen in CA. In CA, each UE has its own CA configuration, such as the number of CCs and which CC is configured as the PCC. If groupcast is connection-less, having HARQ acknowledgements of all CCs provided on the PCC leads to UE specific HARQ feedback, which does not make sense when groupcast is connection-less. 
Asynchronous HARQ may also result in multiple HARQ acknowledgements per HARQ feedback. The unicast and groupcast communications to which a UE belongs may not be the same as the on-going communications of another UE. Therefore, if groupcast is connection-less, the association between a HARQ feedback and the PSSCH should be 1-to-1 to avoid UE specific HARQ feedback. In this case, the number of PSCCHs to be ACKed/NACKed per HARQ feedback is 1.
Proposal #3: CBG is not supported for groupcast SL.
Proposal #4: when the connection establishment of groupcast is connection-less, 
· cross carrier HARQ feedback in CA is not supported for groupcast;
· a groupcast HARQ feedback provides acknowledgement of only 1 groupcast PSSCH.
Joint feedback of HARQ and SL RSRP
In this section, we discuss the joint feedback of HARQ and SL RSRP in groupcast, where the purpose of the SL RSRP feedback is used for open loop power control.
The following working assumption about groupcast HARQ feedback was made in RAN1 AH1901. The applicability of RX UE transmitting only HARQ NACK or HARQ ACK/NACK is FFS.
	Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption


In our view, one applicability for the option of RX UE transmitting HARQ ACK/NACK is when the open loop power control is used in the groupcast communication. In this case, the HARQ feedback and SL RSRP reporting can be jointly designed, where the feedback channel carries the information of the HARQ feedback as well as the SL RSRP. 
As discussed in Section 3.1.1, the HARQ feedback in groupcast carries the acknowledgement of one PSSCH. According to the WI description [1], multi-rank PSSCH transmission is supported up to two antenna ports. Therefore, the bit width for HARQ feedback is 1. 

Figure 1. PHY structure of NR PUCCH format 0 is reused for V2X groupcast HARQ/RSRP feedback
The physical channel structure of NR PUCCH format 0 can be reused for the joint HARQ and RSRP feedback. See Figure 1 for illustration. In Figure 1(a), PUCCH format 0 with 1 OFDM symbol is used. A resource of 1 RB in the frequency domain and 1 OFDM symbol in the time domain is used as the ACK resource. The NACK resource occupies another resource of the same size. 

Figure 2. UE grouping in groupcast based on SL RSRP
For the ACK and NACK resources, a kind of grouping based on SL RSRP as shown in Figure 2 can be used. In the figure, each RX UE measures the pilot signal from the TX UE and knows the subgroup it belongs to. The outermost UE does not send HARQ feedback due to the low RSRP. The relevant agreement made in RAN1#96 is given below.
	Agreements:
· For sidelink groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback.
· Details to be discussed during WI phase, including whether the information on TX-RX distance is explicitly signaled or implicitly derived, whether/how this operation is related to resource allocation, accuracy of distance and/or RSRP, the aspects related to “and/or”, etc.
· This feature can be disabled/enabled


Within a subgroup, the UEs share the same cyclic sequence of PUCCH format 0 without any distinction. The same grouping mechanism is used in the ACK and NACK resources. See Figure 3. 
Based on the feedback, the TX UE is aware of the RSRP distribution of RX UEs, from which the transmit power can be adjusted. Without such RSRP information, open loop power control cannot be used, and the TX UE will generally transmit with the maximum power to ensure the coverage. In this case, the interference level in the V2X channel is expected to be unnecessarily high. 

Figure 3. Joint feedback of HARQ and RSRP when ACK and NACK have different time/frequency resources
In Figure 1(b), PUCCH format 0 with 2 OFDM symbols is used for coverage extension of the feedback channel. A resource of 1 RB in the frequency domain and 2 OFDM symbols in the time domain is used as the ACK and NACK resources. UE grouping based on RSRP illustrated in Figure 2 and joint HARQ and RSRP feedback of Figure 3 can also be applied. 

Figure 4. Joint feedback of HARQ and RSRP when ACK and NACK have the same time/frequency resource
In Figures 1(c) and 1(d), ACK and NACK use the same time/frequency resource. Each feedback combination of (ACK/NACK, RSRP range) can be associated with a specific cyclic sequence as demonstrated in Figure 4. 
In the above, the channel structure of NR PUCCH format 0 is used for the feedback channel. RAN1 should study further whether the feedback channel design based on PUCCH format 0 provide a sufficient coverage. When the coverage needs to be extended, PUCCH format 1 can be considered.
Proposal #5: joint feedback of {HARQ, RSRP for open loop power control} is supported for groupcast.
Proposal #6: the physical channel structure of NR PUCCH format 0 can be reused for the joint HARQ and RSRP feedback.
Proposal #7: to study further whether physical channel structure of NR PUCCH format 1 is needed for the joint HARQ and RSRP feedback.
Joint feedback of HARQ and TX-RX distance
In Section 3.1.2, joint feedback for HARQ and SL RSRP is discussed. The design can be reused for joint feedback of HARQ and TX-RX distance if the knowledge of TX-RX distance is considered needed at the TX UE. In this case, the term RSRP in Figures 2, 3, and 4 is replaced with the term of TX-RX distance.
Proposal #8: the design of joint HARQ and RSRP feedback is used for joint HARQ and TX-RX distance feedback if the knowledge of the TX-RX distance is considered needed at the TX UE. 
Time/frequency resource for PSFCH
The signalling overhead for the time/frequency resource of PSFCH can be saved if the PSFCH resource can be implicitly derived from the time/frequency resource of the associated PSSCH or PSCCH. 
Proposal #9: the PSFCH resource is implicitly derived from the time/frequency resource of the associated PSSCH or PSCCH.
In LTE V2X, a UE’s TX resource pool is limited to specific resources based on its geographical position to mitigate the packet collisions in highly congested scenarios and avoid the near-far problem. If the concept is also employed in NR V2X, it is needed to consider how the resource of PSFCH is determined. The following two options are possible. It needs further study to decide which option is adopted.
Option 1: the time/frequency resource of PSFCH is based on the TX resource pool of the TX UE.
Option 2: the time/frequency resource of PSFCH is based on the TX resource pool of the RX UE.  
Proposal #10: Study further to decide the time/frequency resource of PSFCH is based on the TX resource pool of the TX UE or RX UE of the associated PSSCH.
Groupcast is connection based
When the connection establishment of groupcast is connection based, i.e. multiple 1-to-1 connection, the HARQ feedback for groupcast can be considered equivalent to multiple unicast HARQ feedback. In this case, special handling of HARQ feedback for groupcast is not needed; the HARQ feedback mechanism of unicast communication is used for each 1-to-1 connection. 
Proposal #11: When the connection establishment of groupcast is connection based, the unicast HARQ feedback mechanism is used for each 1-to-1 connection in the groupcast. 
Conclusion
In this contribution, we discussed power control and HARQ procedures for SL groupcast communication in V2X. 
For power control, it was proposed that open loop power control based on the TX-RX pathloss is supported in groupcast V2X communication to reduce the interference level in the channel. 
For HARQ procedures, the discussion was separated into cases that groupcast is connection-less and connection based. For the former, joint feedback for HARQ and RSRP/TX-RX distance was proposed. It was suggested the physical channel structure of NR PUCCH format 0 can be used for the PSFCH. If the coverage extension for PSFCH is found to be necessary, PUCCH format 1 can also be considered. Finally, it was recommended, when groupcast communication is connection based, the unicast HARQ feedback mechanism is used for each 1-to-1 connection in the groupcast.
The following proposals and observations were made in the paper.
Proposal #1: for groupcast, it is supported the pathloss between the TX UE and the RX UE(s) is known to the TX UE. The TX UE adjusts the transmit power based on the knowledge of pathloss.
Proposal #2: for open loop power control in groupcast based on the pathloss between TX UE and RX UE, the TX UE transmits the pilot signal, and the RX UE reports the SL-RSRP to the TX UE. 
Observation #1: the design of reporting/feedback of groupcast depends on the connection management of groupcast is connection-less or connection based.
Proposal #3: CBG is not supported for groupcast SL.
Proposal #4: when the connection establishment of groupcast is connection-less, 
· cross carrier HARQ feedback in CA is not supported for groupcast;
· a groupcast HARQ feedback provides acknowledgement of only 1 groupcast PSSCH.
Proposal #5: joint feedback of {HARQ, RSRP for open loop power control} is supported for groupcast.
Proposal #6: the physical channel structure of NR PUCCH format 0 can be reused for the joint HARQ and RSRP feedback.
Proposal #7: to study further whether physical channel structure of NR PUCCH format 1 is needed for the joint HARQ and RSRP feedback.
Proposal #8: the design of joint HARQ and RSRP feedback is reused for joint HARQ and TX-RX distance feedback if the knowledge of the TX-RX distance is considered needed at the TX UE. 
Proposal #9: the PSFCH resource is implicitly derived from the time/frequency resource of the associated PSSCH or PSCCH.
Proposal #10: Study further to decide the time/frequency resource of PSFCH is based on the TX resource pool of the TX UE or RX UE of the associated PSSCH.
Proposal #11: When the connection establishment of groupcast is connection based, the unicast HARQ feedback mechanism is used for each 1-to-1 connection in the groupcast. 
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