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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk528762943]In RAN #83, Rel-16 V2X WID [1] has been approved with following objectives for physical layer sidelink procedure:
· 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 contributions, we discuss on the details of the physical layer procedure including HARQ procedures, CSI acquisition, and power control based on the study item outcome [2].

HARQ procedures
HARQ feedback for sidelink groupcast
It was agreed [3] that HARQ-ACK/NACK is generated as sidelink unicast HARQ feedback. For sidelink groupcast HARQ feedback, it was a working assumption [4] to support two optional schemes 1). HARQ-NACK; 2). HARQ-ACK/NACK, under different applicable conditions. 
In Option 1, a receiver UE only sends HARQ-NACK in case of failure decoding and does not send HARQ-ACK in case of successful decoding. This option has the advantage of saving the feedback resources since the feedback resource is used only for failure decoding. This is beneficial in highly loaded scenario, especially when the group size is large. This option could also facilitate a mode-2 receiver UE to have a better channel sensing since the time unit of transmitting HARQ-ACK could be used for channel sensing. One issue of this option is that a transmitter UE might mistakenly consider a receiver UE successfully decodes the data, where the receiver UE does not decode the data due to DTX or not decoding the PSCCH associated with the data. This might prevent the usage of the HARQ-NACK scheme for data with high reliability requirements. 
In Option 2, a receiver UE sends HARQ-ACK for successful decoding and sends HARQ-NACK for failure decoding. This option is like the traditional HARQ scheme and does not cause any ambiguity to the transmitter UE. One issue of this option is the feedback resource sharing among all receiver UEs. This HARQ-ACK/NACK scheme is suitable for the case of small group size, low congested channel condition and high reliable data service. 
Based on the above arguments, we think both options of HARQ schemes for sidelink groupcast can be supported, under separate applicable conditions. 
[bookmark: _Hlk534989395]Proposal 1: Confirm the working assumption of supporting both options of HARQ schemes (i.e., HARQ-NACK and HARQ-ACK/NACK) for sidelink groupcast. 
Proposal 2: The HARQ-ACK/NACK scheme is used for small group size, low congested channel condition and high reliable data service, while the HARQ-NACK scheme is used otherwise.
As described above, one main disadvantage of the HARQ-ACK/NACK scheme is the high feedback resource usage. To alleviate the feedback resource usage, some additional criterion in deciding HARQ feedback transmission can be introduced: A receiver UE which already transmitted ACK for a transport block (TB), does not transmit more ACK for the retransmission of the same TB, where the retransmission is for other receiver UEs not receiving this TB before. Besides feedback resource usage alleviation, this criterion could also facilitate a mode-2 receiver UE to have a better channel sensing since the time unit of transmitting a duplicated ACK could be used for channel sensing. 
Consider an example that a transmitter UE groupcast a TB to ten receiver UEs. In the initial transmission, two receiver UEs send NACK while the other eight receiver UEs send ACK. In the retransmission, only the two receiver UEs, which sent NACK before, need to send ACK. The other eight receiver UEs not sending NACK feedback for retransmission, can continue monitoring the channels. 
Proposal 3: A UE can skip decoding PSSCH for retransmission if the UE received previous PSSCH successfully in groupcast and no HARQ-ACK feedback for the retransmission. 
During SI, it has been agreed that HARQ feedback can be dynamically enabled or disabled based on Tx-Rx distance and/or RSRP for sidelink groupcast in order to provide higher reliability packet transmission for near UEs in a group communication with a minimum required range requirement. Two options have been discussed as a metric to determine the distance, where the first option is based on geographical distance (e.g., Zone-ID) and the second option is based on radio distance (e.g., RSRP). It is well known that the RSRP measurement is not accurate even for Uu link due to its dependency of LoS condition and relaxed RAN4 requirements. Therefore, relying on RSRP may not be enough to determine the range between two UEs.
Proposal 4: RSRP is not solely used to dynamically determine HARQ feedback in sidelink groupcast.

Dynamic HARQ enable/disable
It was agreed [4] that (pre-)configuration indicates whether sidelink HARQ feedback is enabled or disabled in unicast or groupcast. Furthermore, it was agreed [5] that for sidelink groupcast, the Tx-Rx distance and/or RSRP is used to dynamically decide whether to send HARQ feedback, even if the sidelink HARQ feedback is enabled.
Besides the above criterion which applies to sidelink groupcast, the other criteria of dynamically disabling sidelink HARQ feedback for sidelink unicast or groupcast can be channel congestion condition and data QoS requirements. For example, the sidelink HARQ feedback is disabled if 1). HARQ based retransmission does not meet the data latency requirements; 2). HARQ feedback is unnecessary due to the low data reliability requirements; 3). HARQ feedback may worse the system performance in highly congested scenario. 
Therefore, the dynamic disabling of HARQ feedback for NR V2X sidelink unicast and groupcast should be supported.
[bookmark: _Hlk534989389]Proposal 5: RAN1 to support dynamic disabling of HARQ feedback for NR V2X sidelink unicast and groupcast, based on data QoS or channel congestion condition.
HARQ feedback timing
It was agreed [5] that (pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for mode 1 and mode 2. The sidelink HARQ feedback timing can be flexible. One reason to support flexible HARQ feedback timing is it is beneficial to support various data QoS requirements. For example, the HARQ feedback timing can be shorter for sidelink data with strict latency requirements, and the HARQ feedback timing can be longer for sidelink data with relaxed latency requirements. Note that the data QoS requirements can be contained in SCI (e.g., for resource reselection purpose), and no additional explicit indication about the HARQ feedback timing is needed.
Supporting flexible HARQ feedback timing is also based on the consideration of different UE capabilities on processing of HARQ reporting. Furthermore, a UE may be involved in multiple sidelink unicast sessions. A fixed HARQ feedback timing may lead to infeasible simultaneous HARQ feedbacks from this UE. 
[bookmark: _Hlk534989402]Proposal 6: The (pre-)configuration of sidelink HARQ feedback timing depends on data QoS or UE capability.

Layer-1 ID
In LTE D2D, the ProSe UE ID and ProSe layer-2 group ID are provided by the network or may be preconfigured in the UE. The layer-1 group destination ID is included in the SCI to identify a D2D group. This layer-1 destination ID is equal to 8 LSBs of the ProSe layer-2 group ID.
In LTE V2X, the layer-1 ID is not used since LTE V2X only supports sidelink broadcast and no HARQ-based retransmission is used. For blind retransmission, the sidelink resource for retransmission is indicated in the initial transmission. Hence, a receiver UE can combine the initial transmission with retransmission based on the associated resources. 
NR V2X supports sidelink unicast, groupcast and broadcast. The layer-1 destination (group) ID and source ID will be needed for HARQ operations. On the other hand, the destination (group) ID and source ID are available at layer 2. Like LTE D2D, we could derive layer-1 destination (group) ID from the layer-2 destination (group) ID and derive layer-1 source ID from the layer-2 source ID. 
Proposal 7: The layer-1 destination (group) ID and source ID are derived from layer-2 destination (group) ID and source ID, respectively.
Some advanced NR V2X use cases support large minimum required communication range (e.g., 1000 meters). This implies that the total number of vehicles within a large communication range can be high. To support the reliable sidelink data transmissions in an environment with many vehicles, we should keep a low layer-1 source ID collision probability so that the HARQ combining can be properly performed. Hence, the layer-1 source ID length should be long enough. If the layer-1 source ID length is 8 bits, the ID collision probability is  which may affect reliable data transmission. Therefore, we recommend a larger number of bits for layer-1 source ID (e.g., 16 bits)
Proposal 8: The layer-1 source ID should be large enough (e.g., 16 bits) to avoid ID collison .
It was agreed that layer-1 destination ID, layer-1 source ID, HARQ process ID, NDI and RV can be included in SCI. These fields are mainly to support HARQ operations for sidelink unicast and groupcast. Hence, it is unnecessary to include all these fields in SCI for sidelink broadcast. For sidelink unicast or groupcast where the HARQ feedback is disabled, there is also no need to include the layer-1 source ID, HARQ process ID, NDI and RV in SCI, while the destination ID can be convoyed via PSCCH so that only targeted UE continues the PSSCH decoding. 
Proposal 9: The layer-1 source ID, HARQ process ID, NDI and RV should not be contained in SCI for sidelink broadcast or sidelink unicast/groupcast where HARQ feedback is disabled.

CBG-based HARQ scheme
The CBG-based HARQ scheme is supported in NR downlink data transmission. A CBG is composed of several CBs from a single TB. In CBG-based HARQ scheme, a UE sends per-CBG HARQ feedback. A gNB knows which subset of CBs are not received by the UE, and simply retransmits the CBs in the failed CBG. This could reduce the retransmission resources usage.
The similar CBG-based HARQ scheme could be applied to NR V2X sidelink. In NR V2X, a transmitter UE may indicate the CBG transmission to a receiver UE. The receiver UE can decode CBs and send per-CBG HARQ feedback. This could save the retransmission resources on sidelink. 
Proposal 10: CBG-based HARQ scheme can be considered at least for NR V2X sidelink unicast. 

PSFCH resource reservation
A PSFCH resource is needed for a receiver UE to send sidelink HARQ feedback. As discussed in our companion contribution [8], long PSFCH format can be used and PSFCH resources can be FDM-ed with PSCCH/PSSCH resources. The frequency resource of PSFCH should be reserved. 
The reservation of the PSFCH resources can be performed by a transmitter UE. This approach has lower latency and complexity than to have the receiver UE obtain a PSFCH resource (e.g., via gNB or sensing) for its HARQ feedback. 
If the transmitter is a mode 1 UE with configured grant resource allocation, then the configured grant configuration can be extended to include PSFCH resources. If the transmitter is a mode 1 UE with dynamic resource allocation, then the NR DCI should include PSFCH resources (cf. [9]). If the transmitter is a mode 2 UE, its resource selection procedure should be extended to include reserving PSFCH resources.
[bookmark: _Hlk534989508]Proposal 11: The mechanism of transmitter UE reserving HARQ feedback resources should be supported in NR sidelink.

CSI acquisition
During V2X SI, the following has been agreed as a working assumption [5]:
Working assumption:
· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:
· CQI
· RI
· PMI
· CSI reporting can be enabled and disabled by configuration.
· It is supported to configure a subset of the above metric for CSI reporting.
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
· NR sidelink CSI strives to reuse the CSI framework for NR Uu.
· Discuss details during WI phase

Based on the current WI scope, the working assumption cannot be confirmed as it is since a part of working assumption is reverted (e.g., no PMI and 4Tx support). Therefore, it should be further discussed whether the other part of the working assumptions will be confirmed or revisited based on the WI scope. The working assumption includes following aspects additionally:
· No subband-based CSI reporting
· Enable/disable of CSI reporting
· No standalone RS transmission dedicated to CSI reporting and aperiodic CSI reporting only
· Reuse CSI framework for NR Uu as much as possible

It seems straightforward to a wideband (e.g., bandwidth of measurement RS) CSI reporting for CQI and RI to reduce the standards efforts. Also, enabling/disabling of CSI reporting should be supported for better resource utilization as well as congestion control.
Proposal 12: confirm the working assumption for the parts of no subband-based CSI reporting and enable/disable of CSI reporting. 
It has been agreed as a working assumption that no standalone RS transmission dedicated to CSI reporting, which is mainly to support aperiodic CSI reporting only and reduce standards efforts to introduce periodic measurement reference signal. In RAN2, the supporting of RLM/RLF for unicast has been agreed for AS link management and it is recommended to use NR Uu mechanism which is based on periodic measurement reference signals (e.g., SSB or periodic CSI-RS). 
Assuming that RAN1 introduces a periodic measurement reference signal to determine IS/OOS, there is no reason not to use it for CSI measurement as well. If this is the case, the periodic CSI reporting could be considered for Rel-16. Otherwise, it is also straightforward to confirm the working assumption for the parts of no standalone RS for CSI reporting and aperiodic CSI reporting only.
Proposal 13: based on the outcome of RLM measurement for AS link management support, no support of periodic CSI reporting can be confirmed. 
In Rel-15, NR Uu CSI framework has been designed to support various scenarios and configurations including beam management for FR2, massive number of antennas, multiple TRPs, etc. To support all possible scenarios, a lot of configurations such as CSI resource config, CSI reporting config, and CSI-RS configs are used. For NR V2X unicast in Rel-16, a minimum set of configurations could be specified since a basic CSI reporting scheme is only supported as following:
· CQI/RI are reported together with wideband only – no report quantity needs to be configured
· Measurement RS is located in the same slot where A-CSI reporting is triggered – no A-CSI-RS triggering offset needs to be configured
· A-CSI is reported by a Rx UE when a PSSCH resource is available in a resource pool – no A-CSI triggering offset needs to be configured
· Aperiodic measurement RS is only supported (if agreed) – no NZP-CSI-RS configs for periodicity, offset, and type needs to be configured
· No beam management support for FR2 – no multiple CSI-RS resource sets, multiple CSI-RS resources in a CSI-RS resource set, and QCL association needs to be configured
Proposal 14: a minimum set of configuration from NR Uu CSI framework can be specified for V2X unicast.
[bookmark: _Hlk534989440]It has been agreed that rank adaptation is supported for sidelink unicast. In order to allow a Rx UE to determine a proper rank from the channel, two ports measurement reference signal should be used which may be transmitted together with PSCCH/PSSCH in the same subchannel used. Considering that PSSCH DM-RS is precoded with the same precoder with PSSCH, the number of antenna ports for the PSSCH DM-RS could be dynamically changed between one and two. Therefore, it is not appropriate to use the PSSCH DM-RS as CSI measurement RS. Based on this observation, it seems beneficial to support a separate measurement RS for channel and interference measurement for CSI reporting.
Proposal 15: Sidelink CSI measurement RS (S-CSI-RS) and sidelink CSI interference measurement resource (S-CSI-IM) are used independently from PSSCH DM-RS.
The CSI reporting scope has been further reduced from what RAN1 has agreed in SI when the WI scope is discussed in RAN #83. The PMI reporting is not supported in Rel-16 which to some extent not reduced standards efforts since RAN1 should discuss the transmission scheme assumed at a Rx UE side for CQI calculation. If PMI is supported, transmission scheme could be 2Tx codebook specified in the TS38.214.
In order to provide accurate CQI and RI for link adaptation, the transmission schemes assumed for Tx and Rx UEs should be the same for both rank-1 and rank-2. So far, SFBC and precoder cycling have been most popular transmission schemes for rank-1 open-loop transmit diversity and discussed in all time whenever RAN1 discussed open-loop transmission scheme for 2 or 4Tx. It is well known that SFBC provides robust performance irrespective of antenna correlation and MCS. On the other hand, precoder cycling has simpler receiver implementation, higher DM-RS power, and lower specification impacts. It showed different performance benefits based on the scenarios. It seems RAN1 needs to go another round which transmit diversity scheme is better in V2X scenarios.
The table 1 shows system simulation evaluations between the two different open-loop MIMO schemes. The basic profiles are shown in Table 2. The other simulation assumptions follow TR 37.885. NR type-1 codebook is used for precoder cycling. Scheme 1 used a fixed precoder index (one each for rank-1 and rank-2) that is the same for each resource (RB) and for all transmitters. Scheme 2 used cyclic precoding for each RB, with the same cyclic pattern used for all transmitters. For resource allocation, both schemes use NR SL Mode 1 with dynamic grants. For scheduling purposes, each resource is 10 RB allocation. The calculation and statistics of PRR follow TR 37.885. Packets that are available at the UE, but not scheduled, thus not transmitted, are included in the PRR computation.
Table 1: Performance evaluation of open-loop scheme in Highway channel
	Scheme
	Inter-packet arrival time

	
	50ms
	30ms
	25ms
	20ms

	
	PRR(%)
	PIR(s)
	PRR(%)
	PIR(s)
	PRR(%)
	PIR(s)
	PRR(%)
	PIR(s)

	Scheme 1
(Fixed precoder)
	97.55
	0.0504
	79.22
	0.0316
	61.05
	0.0277
	36.54
	0.0251

	Scheme 2 
(Precoder cycling)
	97.77
	0.0503
	91.94
	0.0307
	78.26
	0.0262
	50.72
	0.0228



From the table 1, we see that when inter-packet arrival is 50 ms, performance is near optimal and there is no difference between the two schemes. This is because when the traffic density is low (packet-inter arrival time is high), the latency requirement isn’t as stringent (50ms) and almost all packets can be serviced within this requirement. However, as Inter-packet arrival time reduces from 50ms to 20 ms, traffic density increases, and latency requirement becomes more stringent (from 50ms to 20ms). Under these conditions, the system can benefit from transmission scheme with higher performance, as this allows the vehicles to service the packets quicker, thereby improving latency, and reducing the number of dropped packets which improves PRR and PIR. For the highway scenario where vehicles are moving at high speeds, utilizing cyclic precoder can provide better performance, whereas the fixed precoder (scheme 1) may restrict and result in highly sub-optimal performance. As a result, we see much better performance for Scheme 2 as packet inter-arrival time decreases.
Observation 1: transmit diversity scheme provide higher performance over fixed precoding
Therefore, open-loop transmission schemes for CQI/RI calculation should be specified in Rel-16 for both rank-1 and rank-2 unless we support PMI reporting which has been removed in the WID.
Proposal 16: Transmission schemes should be specified for rank-1 and rank-2 for CQI/RI calculation. 
Based on WID, the CSI feedback is supported up to 2 antenna ports irrespective of the actual number of antennas (i.e., antenna elements, panels) implemented in a vehicle. Therefore, if the number of antennas implemented in a vehicle is larger than 2, a certain antenna virtualization scheme should be used. In general, antenna virtualization scheme has been used in 3GPP for long time and it is up to gNB or UE implementation.
Therefore, RAN1 should avoid spending time how to handle the case where the number of antennas for a vehicle is larger than 2 antennas.
Proposal 17: Antenna virtualization is up to UE implementation when a number of antennas implemented is larger than 2Tx.

Power control
It was agreed [4] that the sidelink open-loop power control is supported, which is based on the Uu link pathloss and/or based on the sidelink pathloss for unicast sidelink. In addition, the support of long-term measurement (i.e., with L3 filtering) of sidelink signal has been agreed [4] for sidelink unicast. However, it is still unknown which RS is used for the long-term measurement to calculate SL-RSRP.
During SI, RAN1 has no agreement related to a periodic measurement signal transmission. Since a resource pool is shared by a group of UEs, it is difficult to allocate a periodic resource to a single UE for the measurement RS transmission. Therefore, it makes sense to use aperiodic resource for the SL-RSRP measurement. For example, DM-RS of PSSCH could be used for SL-RSRP measurement and reported to a Tx UE. In this case, the Tx UE could drive a PL based on the reported SL-RSRP since it knows its absolute transmission power.
If S-CSI-RS is introduced, it can be also a candidate for SL-RSRP measurement. However, it can be disabled when CSI feedback is disabled. Therefore, using PSSCH DM-RS for SL-RSRP measurement seems to be a better option. 
Proposal 18: DM-RS of PSSCH is used for SL-RSRP measurement for OLPC.  
The accurate sidelink pathloss estimation between transmitter UE and receiver UEs may be beneficial for reliable transmission and interference reduction in NR V2X sidelink groupcast. It may also be beneficial for power saving for pedestrian UE. Therefore, open-loop power control based on sidelink pathloss between the transmitter UE and receiver UEs for sidelink groupcast should be supported. 
In sidelink groupcast, there is a sidelink between a transmitter UE and each receiver UE. The sidelink pathloss used for open-loop power control can be based on the sidelink between transmitter UE and a configured reference UE, where the configured reference UE can be the one with the largest, the smallest, or the medium sidelink pathloss in the group. The sidelink pathloss used for open-loop power control can also be based on the sidelinks between transmitter UE and multiple receiver UEs, where post-processing of multiple sidelink pathlosses is needed. 
[bookmark: _Hlk534989513]Proposal 19: Open-loop power control based on sidelink pathloss should be supported for NR V2X groupcast.
Conclusion
In this contribution, we examine NR V2X sidelink physical layer procedures. Our proposals are as follows:
Proposal 1: Confirm the working assumption of supporting both options of HARQ schemes (i.e., HARQ-NACK and HARQ-ACK/NACK) for sidelink groupcast. 
Proposal 2: The HARQ-ACK/NACK scheme is used for small group size, low congested channel condition and high reliable data service, while the HARQ-NACK scheme is used otherwise.
Proposal 3: A UE can skip decoding PSSCH for retransmission if the UE received previous PSSCH successfully in groupcast and no HARQ-ACK feedback for the retransmission. 
Proposal 4: RSRP is not solely used to dynamically determine HARQ feedback in sidelink groupcast.
Proposal 5: RAN1 to support dynamic disabling of HARQ feedback for NR V2X sidelink unicast and groupcast, based on data QoS or channel congestion condition.
Proposal 6: The (pre-)configuration of sidelink HARQ feedback timing depends on data QoS or UE capability.
Proposal 7: The layer-1 destination (group) ID and source ID are derived from layer-2 destination (group) ID and source ID, respectively.
Proposal 8: The layer-1 source ID should be large enough (e.g., 16 bits) to avoid ID collison .
Proposal 9: The layer-1 source ID, HARQ process ID, NDI and RV should not be contained in SCI for sidelink broadcast or sidelink unicast/groupcast where HARQ feedback is disabled.
Proposal 10: CBG-based HARQ scheme can be considered at least for NR V2X sidelink unicast. 
Proposal 11: The mechanism of transmitter UE reserving HARQ feedback resources should be supported in NR sidelink.
Proposal 12: confirm the working assumption for the parts of no subband-based CSI reporting and enable/disable of CSI reporting. 
Proposal 13: based on the outcome of RLM measurement for AS link management support, no support of periodic CSI reporting can be confirmed. 
Proposal 14: a minimum set of configuration from NR Uu CSI framework can be specified for V2X unicast.
Proposal 15: Sidelink CSI measurement RS (S-CSI-RS) and sidelink CSI interference measurement resource (S-CSI-IM) are used independently from PSSCH DM-RS.
Proposal 16: Transmission schemes should be specified for rank-1 and rank-2 for CQI/RI calculation. 
Proposal 17: Antenna virtualization is up to UE implementation when a number of antennas implemented is larger than 2Tx.
Proposal 18: DM-RS of PSSCH is used for SL-RSRP measurement for OLPC.  
Proposal 19: Open-loop power control based on sidelink pathloss should be supported for NR V2X groupcast.
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Annex
Table 2: Simulation assumptions
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	20 MHz

	Sub-carrier spacing 
	15 kHz

	Scheduling
	NR-V2X Resource allocation mode 1

	MIMO scheme
	Closed loop (NR type-1 codebook)
Scheme 1: Fixed precoder index for each RB and for all Tx
Scheme 2: Different precoder for each RB (based on fixed pattern). Same precoder across all Tx 

	MCS 
	Closed Loop: based on CQI/RI feedback

	Traffic model
	Unicast
Periodic: Medium intensity (Model 2), 50/30/25/20 ms inter-packet arrival, 50% vehicles generate packets.

	Deployment and UE drop
	Urban Grid: Option A, Highway: Option A

	Scheduling resource
	10 RBs

	Number of Tx/Rx antennas
	2Tx/2Rx







