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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 but in also deciding if the corresponding expected data transmission needs to be decoded, as well as to inform the other UEs on 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.
The HARQ process Id indicated by a transmitter in the SCI is used by the receiver UE together with the Source (Transmitter) Id for soft combining purposes. The Source Id is required since it is not easy (if not impossible) for different transmitters to coordinate use of HARQ process Ids towards any particular destination. For this purpose the source Id should long enough to disambiguate the transmitters. A 16-bit C-RNTI is sufficient in a cell to address huge number of UEs uniquely irrespective of the cell size. In V2X the MCR (minimum communication range) is maximum 1000 m. which is pretty close to an average cell size and actual reception (without QoS) guarantee can be beyond this range, a 16-bit source Id might still be required. RAN1 should further discuss if vehicular density allows to decrease this size.
Proposal 3: The size of Layer-1 source ID can be conservatively kept at 16 bits.

Feedback mechanism for groupcast communication 
In 3GPP RAN1 #96b meeting, there were agreements and working assumption related to feedback mechanism for groupcast communication as followed:
	Agreements:
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission
· Note: Each PSFCH is mapped to a time, frequency, and code resource.
Working assumption:
· Regarding the use of TX-RX geographical distance and/or RSRP in determining whether to send HARQ feedback for groupcast
· Support at least the use of TX-RX geographical distance
· FFS whether or not to additionally use L1-RSRP
· Companies are encouraged to perform additional evaulations/analysis


In this section we mainly discuss the remaining issues on the followed aspects:
Transmitter UE gets to know the total number of member UEs in the group based on Upper layer information, and we make the assumption that this knowledge at the Physical layer is accurate to the extent required for physical layer functioning at any given point in time; even if the group members are updated, the Physical layer is informed in a reasonably quick time lag.

Transmitter Behavior: Based on the knowledge of total number of member UEs in the group, the Physical layer of a transmitter shall determine the amount of feedback resources required. The determination of required feedback resources will be based on agreements from the Physical layer structure discussion. UE, having made this determination, will compare the number of group member UEs, amount of feedback resources available and the reliability required for a particular V2X message. The reliability is directly derivable from the VQI/ priority indicated by Upper layer for the corresponding Packet for transmission. If the reliability required is 5 ‘9s’ e.g. as for “Emergency trajectory alignment between UEs supporting V2X application” and “Sensor information sharing between UEs supporting V2X application scenarios” [S2-1904448] then only feedback Option 2 must be used. For lesser required reliability, option 1 alone can be used if the total number of member UEs in the group is much higher compared with available feedback resources; or, a mix of Option 1 and Option 2 can be used. Since this is a (transmitter) UE behavior, a more detailed behavior needs to be specified.
The actual utilized resources for HARQ feedback can be less compared to what has been determined by the transmitter, as indicated above. This is since only the receiver UE(s) that are inside the MCR (Minimum Communication Range) are required to provide the HARQ feedback. This may at first sound like a resource wastage but indeed avoids much complexity that would arise if the transmitter had to beforehand know the real-time distance of each of the receiver UE.
For Option 1, because shared PSFCH resource is used for NACK-only feedback. The overhead of PSFCH is minimized, however TX UE cannot recognize DTX problem without ACK feedback. For Option 2, each RX UE has dedicated PSFCH resource for HARQ ACK/NACK. The DTX issue can be avoided, however the overhead of PSFCH may be significant if the number of RX UEs in the group is large. So mixture of Option 1 and Option 2 should be supported to make a tradeoff between DTX probability and the overhead of PSFCH.
Proposal 4: A detailed (transmitter) UE behavior is to be specified for selecting between Option 1, Option 2 (or a mix) considering the following three aspects:
a) total number of member UEs in the group (i.e. PSFCH overhead)
b) amount of available HARQ feedback resources
c) reliability required for corresponding V2X PSSCH packet transmission (DTX probability)

The transmitter UE needs to allocate the feedback resources to the group member UEs. This can be done using PC5 RRC where the transmitter semi statically configures the UEs with either/ both Option 1, Option 2 resources. Actually usage of option (either/ both) and the corresponding condition (e.g. Tx-Rx distance less than certain Threshold_A use Option 1, rest Option B) are controlled and indicated in SCI and depends among others on reliability/ priority of the transmission.
Proposal 5: The PC5 HARQ feedback resources for Option 1 and/ or Option 2 are semi statically allocated to the group member UEs using PC5 RRC.
Proposal 6: Exact use of option (either/ both) and the corresponding condition (e.g. distance) are controlled and indicated in SCI.
Proposal 9 affects RAN2 PC5 RRC procedure design and so, a RAN2 LS should also inform them on this agreement.

In Mode 1 V2X communication, the transmitter needs to ask for the feedback resources from the gNB in addition to (re)transmission resources. For this reason it needs to inform gNB on the number of member UEs in the group destination where the transmitter would like to send intended V2X message(s). This information along with the size of the V2X message, periodicity etc. needs to be informed to the gNB for each of the group destination where the transmitter intends to make transmissions. However, designing of such NR Sidelink UE information and/or NR UE Assistance information is under RAN2 perview.
Proposal 7: Liaise with RAN2 for indicating the number of member UEs in a group, corresponding size of the V2X message, periodicity, priority/ VQI etc. for each group where a transmitter is interested in transmitting data to the gNB.

Feedback mechanism for Mode 1
Upon receiving the UE request, the gNB provides the transmission resources and PC5 HARQ feedback time-frequency and code resources accordingly in Mode 1 communication. As a signaling optimization, the feedback resources can be linked with PSSCH transmission resources using certain time-frequency offset. All the codes can be used by the transmitter UE, or the same can be explicitly signaled by the gNB to the transmitter.
The retransmission resources can be obtained as explained in our companion paper [R1-1906268]. The amount of PC5 feedback resources for retransmission can be same as that for PC5 feedback resources for transmission, obtained in a similar way as for transmission, as described above.
Proposal 8: In Mode 1 communication, the time-frequency PC5 HARQ feedback resources for (re)transmission are obtained either explicitly from gNB or using an offset w.r.t. the PSSCH resources.
Proposal 9: In Mode 1 communication, for PC5 HARQ feedback transmission, either all the codes can be used by the transmitter UE, or the same can be explicitly signaled by the gNB to the transmitter.
Zone configuration
A receiver behaves according to the information received in the SCI for transmitting the HARQ feedback after attempting to decode the PSSCH. A receiver provides the HARQ feedback only if its distance from the transmitter is lower than certain “minimum communication range (MCR)”. Zones can be used for this purpose, where for example, the transmitter announces its Zone (e.g. in SCI) and the receivers having determined their own Zone calculate the distance from the transmitter.
A discussion on Zone configuration is therefore warranted since many companies prefer to use the Zone Id configuration for calculating the Tx-Rx distance. To minimize the inaccuracies in the distance calculation, the Zones should be as small as possible. However, a smaller Zone would lead to frequent Zone changes by a fast moving transmitter UE and it would need to use a different Tx Pool, corresponding to the new Zone Id, in quick succession – if designed like LTE V2X. If Sensing operation needs to be performed before the transmitter can transmit, the transmitter may not even have enough time to finish sensing before it moves on to the next Zone; or, the remaining useful time might be minimal. This can lead to unacceptable V2X performance as the transmissions are interrupted very often due to frequent Zone changes. On the other hand, if the Zone size is bigger (e.g. in the order of 100s of meters) to avoid frequent Zone changes, the distance between the transmitter and receiver UEs. This points to the usage of two Zone configurations, instead of just one to fulfill two opposite aims. Details should be investigated.
Proposal 10: Configuration of two Zone configurations should be studied to overcome Tx-Rx distance inaccuracies and frequent Resource Pool changes.

As another aspect affecting receiver behavior, RAN1/ RAN2 needs to consider the behavior of the receiver UE that already decoded PSSCH successfully but still receives a retransmission (NDI not toggled) with regards to sending HARQ feedback. This discussion can however be taken later when basic behavior described above is settled.

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 11: 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


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. If the interference to UL reception at gNB is much important, the final transmission power should be set to .
Proposal 12: For sidelink unicast, if two open-loop power control schemes are enabled by gNB, sidelink TX UE can perform transmission with the minimum value between two schemes of open-loop power control to minimize the interference to UL reception at gNB.
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: The size of Layer-1 source ID can be conservatively kept at 16 bits.
Proposal 4: A detailed (transmitter) UE behavior is to be specified for selecting between Option 1, Option 2 (or a mix) considering the following three aspects:
a) total number of member UEs in the group (i.e. PSFCH overhead)
b) amount of available HARQ feedback resources
c) reliability required for corresponding V2X PSSCH packet transmission (DTX probability)
Proposal 5: The PC5 HARQ feedback resources for Option 1 and/ or Option 2 are semi statically allocated to the group member UEs using PC5 RRC.
Proposal 6: Exact use of option (either/ both) and the corresponding condition (e.g. distance) are controlled and indicated in SCI.
Proposal 7: Liaise with RAN2 for indicating the number of member UEs in a group, corresponding size of the V2X message, periodicity, priority/ VQI etc. for each group where a transmitter is interested in transmitting data to the gNB.
Proposal 8: In Mode 1 communication, the time-frequency PC5 HARQ feedback resources for (re)transmission are obtained either explicitly from gNB or using an offset w.r.t. the PSSCH resources.
Proposal 9: In Mode 1 communication, for PC5 HARQ feedback transmission, either all the codes can be used by the transmitter UE, or the same can be explicitly signaled by the gNB to the transmitter.
Proposal 10: Configuration of two Zone configurations should be studied to overcome Tx-Rx distance inaccuracies and frequent Resource Pool changes.
Proposal 11: 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 12: For sidelink unicast, if two open-loop power control schemes are enabled by gNB, sidelink TX UE can perform transmission with the minimum value between two schemes of open-loop power control to minimize the interference to UL reception at gNB.
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