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In RAN#83 Plenary, a new WID on 5G V2X with NR sidelink was approved with the following physical layer procedures related objectives [1]:
	· 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 physical layer procedures for NR sidelink.
Discussion
HARQ procedures
HARQ feedback and HARQ combining in the physical layer are supported For NR sidelink unicast and groupcast,. To consider this feedback and combining mechanism, we provide our views on unicast and groupcast separately.
Feedback mechanism for unicast communication
In NR V2X, the Layer-1 destination ID can be used not only to assist Rx UE to receive and decode its expected data transmission, but also to inform the other UEs the occupied/reserved resource for collision avoidance. So it is better to include Layer-1 destination ID in SCI contents instead of CRC scrambling. This way, the SCI can be decoded by any UE who receives the SCI transmission. The Layer-1 destination ID can be derived from Layer-2 destination ID. And the size of Layer-1 destination ID can be same as Rel-12 D2D, i.e., 8 bits. 
Proposal 1: The Layer-1 destination ID can be derived from Layer-2 destination ID.
Proposal 2: The size of Layer-1 destination ID can be same as Rel-12 D2D, i.e., 8 bits.
For Layer-1 source ID, it can help a destination UE (i.e., Rx UE) more quickly identify the source UE and transmit ACK/NACK feedback to it compared to obtaining the source ID from higher-layer. In order to reduce the payload size of SCI, the size of Layer-1 source ID can be further optimized. Assuming Tx UE and Rx UE need to establish a session before unicast communication, from Rx UE perspective, Rx UE may only receive/store X HARQ processes from one or more Tx UE(s). Here, X corresponds to soft buffer size of Rx UE. If the Rx UE supports maximum 8 processes from one or more Tx UE(s), 3 bits source ID is enough.
Proposal 3: Reduce the payload size of SCI, the size of Layer-1 source ID can be further optimized.

Feedback mechanism for groupcast communication 
In 3GPP RAN1 Adhoc-1901 and RAN1 #96 meeting, there were agreements and working assumption related to feedback mechanism for groupcast communication as followed:
	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 particularly relevant to confirm (or not) the working assumption

Agreements:
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.
· RAN1 continues discussion on whether to support report from the receiver UE 
No inter-BS communication will be considered.

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

Agreements: 
· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback



For sidelink groupcast, if HARQ feedback is solicited either by gNB or TX UE based on the QoS reliability target, determination of option 1 or option 2 should be based on the number of RX UEs. The L1 RSRP measurement is fluctuating due to multipath, NLOS, self-blocking etc., while estimating the TX/RX distance based on zone id is also not accurate, considering the size of the zone and the RX UE could be anywhere in the zone. Moreover from RAN 2 perspective, any UE configured to receive a group destination Layer 2 ID shall be allowed to receive the groupcast transmission, regardless of the “minimum communication range”. Hence the determination of HARQ feedback and the option should be based on the number of group members. Ideally, if only limited amount of feedback resources will be available in a “System” towards each groupcast/ unicast communication. At the same time, for efficiency reasons like spectral efficiency, the available resources should be exploited whenever possible and necessary. The number of group members is required to be correctly determined to provide feedback resource for option 2. As one possibility, the number of member UE(s) can be signaled from the higher layers to either gNB or to the UE AS layer. In the latter case, the Tx UE signals the number of member UEs to the gNB in Mode 1 V2X communication. There are other methods for determining the number of member UEs, these can be subsequently discussed within RAN and/ or SA groups. The distribution/ allocation of ACK/NACK resources for Option 2 can be accomplished in ways like involving higher layer semi-static configuration.
For Option 1, because only HARQ NACK is transmitted by receiver UE, multiple reception UEs may share the same feedback resource to save the feedback resource. For Option 2, because each receiver UE transmits HARQ ACK/NACK, dedicated HARQ feedback resource is needed for each Rx UE, so that the sidelink TX UE can distinguish reception status of each receiver UE. While Option 2 requires much more feedback resources than Option 1, h it is beneficial for subsequent operations for sidelink TX UE, like retransmitting the groupcast message with unicast transmission based on certain criteria like number of dedicated NACK(s) feedback received from Rx UE(s). The TX UE can further enhance the reliability of the retransmitted packet with unicast transmission with finer link adaption or power control. In any case, blind groupcast re-transmissions should be avoided, and re-transmissions should be made only to specific UE(s) that failed to decode the PSSCH data. 
Proposal 4: NR V2X supports both Option 1(receiver UE transmits only HARQ NACK) and Option 2(receiver UE transmits HARQ ACK/NACK) for groupcast. Either Option 1 or Option 2 can be dynamically signaled by the TX UE.
Proposal 5: Whether to request HARQ feedback(s) and the HARQ feedback option should be determined based on the number of Rx UEs and on the QoS reliability requirement.
Proposal 6: Blind groupcast re-transmissions are avoided and re-transmissions are to be made only to specific UE(s) that failed to decode the PSSCH data.
[image: ]
Figure 1: Showing DCI indicating the UL feedback timing and resource for mode 1
Based on the previous agreement for mode 1 groupcast and unicast transmission, the TX UE can report an indication to the gNB for determining the subsequent retransmission resources. In that case, the initial DCI (similar to DCI 5A) transmitted by the gNB to the Tx UE should indicate the feedback timing and the resource required by the Tx UE to transmit an indication to gNB to indicate the need for retransmission of a TB as shown in the Figure 1. The advantage of this method is the amount of standardization effort needed is less and the existing NR-PUCCH can be effectively reused.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]Proposal 7: The DCI transmitted by the gNB should indicate the feedback timing and resource allocated to the TX UE for transmitting of retransmission indication to gNB.

SL HARQ operation
The HARQ protocol operation should be discussed with respect to mode-1 and mode-2 transmissions with respect to different cast types. 
For mode-1, there is not only HARQ feedback from the V2X Rx UE to the V2X Tx UE but also HARQ feedback information signaled to the gNB.  Therefore there should be a common HARQ protocol design regardless of the transmission mode. In the same way the HARQ protocol should be designed in a way that it is common (as much as possible) for different cast types, i.e. unicast and groupcast transmission. The SL HARQ operations should also be discussed in RAN2 and also mentioned in our companion contribution in RAN2 [2].  
The RAN1 should discuss about the HARQ re-transmission and soft combining operation considering following scenarios:
· Initial transmission with groupcast while retransmission happens in unicast 
· Switching between Mode 1 and Mode 2 due to mobility events 
Further in cases where a RX UE receives same HARQ process number from different Tx UEs, The RX UE can resolve this ambiguity by using the source ID.   
Proposal 8: HARQ protocol operation should be aimed to design as much common as possible considering different cast types and transmission modes.
Proposal 9: RAN1 should further inform RAN2 about the scenarios to be considered for SL HARQ operations.

CSI acquisition
For CSI acquisition, CQI/RI reporting is supported in WID. The following aspects should be considered:
· Reference signal: The CSI acquisition should be based on the sidelink RS transmission. DMRS is transmitted along with data transmission, but its transmission bandwidth and time granularity may not be able to meet the measurement requirement. AGC training signal could face the same problem. Hence sidelink CSI-RS and SRS transmitted by TX UE shall be considered as measurement RS.
· RS transmission for CSI acquisition: The measurement RS can be designed to transmit on sidelink periodically and/or aperiodically. The periodic RS transmission can provide enough reference signal to perform measurement with high accuracy, but it will increase the overhead and collision probability of sidelink resource pool. Hence aperiodic RS transmission shall be supported.
· CSI reporting resource: Corresponding to the measurement based on RS transmission, CSI reporting resource needs be considered as well. It can be configured to be periodically or triggered/aperiodically scheduled. According to the objective in WID, CSI is delivered using PSSCH (including PSSCH containing CSI only). This requires one SA resource and one PSSCH resource even if there is no data transmission from reporting UE. Hence the CSI delivered on PSCCH without associated PSSCH transmission should be considered.
· CSI acquisition in Mode 1 and Mode 2: In Mode 1, the resource for transmitting measurement RS and CSI reporting can be indicated by network.The network can guarantee that there is no collision with the other Mode 1 sidelink transmission. But in Mode 2, both the resources for transmitting measurement RS and CSI reporting may be selected based on UE sensing. It may be difficult to obtain an applicable RS transmission resource such as a wideband resource. Meanwhile in order to meet the timeliness of CSI reporting, the reporting resource can be indicated by RS transmission UE or selected by CSI reporting UE. Moreover, the CSI acquisition mechanism is prefer to achieve same performance for Mode 1 and Mode 2.
Proposal 10: Considering the following aspects for CSI acquisition on NR sidelink:
· Reference signal
· RS transmission for CSI acquisition
· CSI reporting resource
· CSI acquisition in Mode 1 and Mode 2

Power control
In 3GPP meeting RAN1#96, the followed agreements on NR sidelink power control were made:
	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


[bookmark: _GoBack]According to the agreement, sidelink open-loop power control is supported. For broadcast, unicast and groupcast, the pathloss between sidelink TX UE and gNB should be taken into account to mitigate the interference to UL reception at gNB for in coverage UE. For SL unicast, the balance between UL interference and SL RX quality needs to be considered. So for unicast there are two power control schemes: one is based on the pathloss between sidelink TX UE and gNB, the other one is based on the pathloss between sidelink TX UE and sidelink RX UE. Both power control schemes can be enabled or disabled by gNB. However one issue should be addressed if both schemes are enabled by gNB. For example  is the SL TX power based on the pathloss between sidelink TX UE and gNB, whereas  is the SL TX power based on the pathloss between sidelink TX UE and sidelink RX UE. There are two cases should be considered as followed:
· Case 1:  >= 
· Case 2:  < 
For Case 1 the final sidelink TX power can be set to. It is beneficial for sidelink power saving. At the same time the interference to UL reception at gNB is also reduced.
For Case 2 if sidelink TX UE performs transmission with power , the sidelink transmission results in serious interference to UL reception than the gNB expected. If sidelink TX UE performs transmission with  the interference to UL reception can be minimized., However, the sidelink reception quality cannot be guaranteed. So the criterion for determining the final sidelink TX power should be specified for Case 2.
Proposal 11: For sidelink unicast, if two open-loop power control schemes are enabled by gNB, the criterion for final sidelink TX power determination should be specified, especially for the case that the SL TX power based on the pathloss between TX UE and gNB is lower that the SL TX power based on the pathloss between TX UE and RX UE.
Conclusion
In this contribution, we focus on physical layer procedures for NR sidelink and present our views. We have the following proposals:
Proposal 1: The Layer-1 destination ID can be derived from Layer-2 destination ID.
Proposal 2: The size of Layer-1 destination ID can be same as Rel-12 D2D, i.e., 8 bits.
Proposal 3: Reduce the payload size of SCI, the size of Layer-1 source ID can be further optimized.
Proposal 4: NR V2X supports both Option 1(receiver UE transmits only HARQ NACK) and Option 2(receiver UE transmits HARQ ACK/NACK) for groupcast. Either Option 1 or Option 2 can be dynamically signaled by the TX UE.
Proposal 5: Whether to request HARQ feedback(s) and the HARQ feedback option should be determined based on the number of Rx UEs and on the QoS reliability requirement.
Proposal 6: Blind groupcast re-transmissions are avoided and re-transmissions are to be made only to specific UE(s) that failed to decode the PSSCH data.
Proposal 7: The DCI transmitted by the gNB should indicate the feedback timing and resource allocated to the TX UE for transmitting of retransmission indication to gNB.
Proposal 8: HARQ protocol operation should be aimed to design as much common as possible considering different cast types and transmission modes.
Proposal 9: RAN1 should further inform RAN2 about the scenarios to be considered for SL HARQ operations.
Proposal 10: Considering the following aspects for CSI acquisition on NR sidelink:
· Reference signal
· RS transmission for CSI acquisition
· CSI reporting resource
· CSI acquisition in Mode 1 and Mode 2
Proposal 11: For sidelink unicast, if two open-loop power control schemes are enabled by gNB, the criterion for final sidelink TX power determination should be specified, especially for the case that the SL TX power based on the pathloss between TX UE and gNB is lower that the SL TX power based on the pathloss between TX UE and RX UE.
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