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1. Introduction

In RAN1#94bis meeting, the following agreements were made:
	Agreements:
· Layer-1 destination ID is conveyed via PSCCH.

· FFS how many bits are conveyed.

· FFS details for each of the unicast/groupcast/broadcast cases

· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 

· FFS whether this ID can be used for other HARQ feedback related operation.

· FFS other purpose

· FFS how many bits are conveyed.

· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.
Agreements:
· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.

· FFS details, including the possibility of disabling HARQ in some scenarios

· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.

· FFS details, including the possibility of disabling HARQ in some scenarios
Agreements:
· Sidelink control information (SCI) is defined.

· SCI is transmitted in PSCCH.

· SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.

· NDI, if defined, is a part of SCI.

· Sidelink feedback control information (SFCI) is defined.

· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.

· FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.

· FFS how to include other feedback information (if supported) in SFCI.

· FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel

· FFS in the context of Mode 1:

· whether/how to convey information for SCI on downlink

· whether/how to convey information of SFCI on uplink
Agreements:
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.

· Information representing the channel between the transmitter and receiver

· Information representing the interference at receiver

· Examples for this information are

· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion

· FFS including

· Such information can be acquired using reciprocity or feedback

· Time scale of the information

· Which information is useful in which operation and scenario


In this contribution, we discuss aspects on physical layer procedure mainly related to SL HARQ feedback and SL CSI acquisition.
2. Discussion
To efficiently support HARQ combining in the physical layer when SL HARQ feedback is used, we think that at least Layer-1 source ID and Layer-1 destination ID need to be conveyed via PSCCH. This information is also beneficial for RX UE to avoid unnecessary PSSCH decoding. In addition, it can be considered that Layer-1 destination ID in PSCCH is used to scramble the reference signal of the corresponding PSSCH. If multiple SL HARQ processes are supported, then HARQ process ID needs to be conveyed via PSCCH for the purpose of separating HARQ combining among different HARQ processes. As in Rel-12 D2D, the details of ID are up to RAN2.
Proposal 1: The following additional information is conveyed via PSCCH at least for supporting HARQ combining in the physical layer when SL HARQ feedback is used.

· Layer-1 source ID, HARQ process ID if multiple SL HARQ processes are supported

· Details of ID are up to RAN2

Considering that RX UE may not have a data to be sent to TX UE and unicast cannot be always assumed to be bidirectional, it could be useful to have separate physical channel for SL feedback. For SL HARQ feedback, RAN1 needs to discuss which resource will be used for the SL HARQ feedback corresponding to a certain PSSCH transmission. A general principle would be the time/frequency location of the SL HARQ feedback resource needs to be related to the corresponding PSSCH transmission. This is because the overall SL HARQ procedure will not operate properly if resource collision happens either in PSSCH transmission or SL HARQ feedback transmission: If PSSCH is successfully received but SL HARQ feedback is in error due to the resource collision, an unnecessary retransmission will take place. If PSSCH is in error but SL HARQ feedback is not correctly delivered to the TX UE due to the resource collision, the reliability performance will be degraded. A simple way to implement this principle is that SL HARQ feedback uses a subset of the frequency resources used by the corresponding PSSCH. Assuming that some sensing operation is conducted to select the PSSCH resource, this can automatically avoid resource collision for SL HARQ feedback resource. From the time domain perspective, the gap between PSSCH and SL HARQ feedback needs to consider UE’s decoding capability and the latency requirement, but it would be preferable to have a common gap in a resource pool in order to simplify the SL HARQ feedback resource determination.
Proposal 2: Separate physical channel for SL feedback is supported.

Proposal 3: To avoid the resource collision in SL HARQ feedback transmission, it could be beneficial if the time/frequency location of SL HARQ feedback resource is correlated with the corresponding PSSCH transmission.

We see that the SL HARQ feedback design can be straightforward in the uncast case considering the self-contained slot structure of NR. However, some challenges are envisioned for groupcast: Basically, we can consider two options for SL HARQ feedback for groupcast regarding whether the SL HARQ feedback resource is common to the RX UEs or dedicated to each RX UE. It may be possible for multiple RX UEs to share a common SL HARQ feedback resource by allowing RX UEs failed to decode PSSCH transmit NACK. This implies that NACK is transmitted in an SFN manner when multiple RX UEs fail to decode a PSSCH. This option is beneficial in reusing the SL HARQ feedback resource structure for the unicast and reducing the overhead of SL HARQ feedback resource. However, it has the limitation that the TX UE cannot recognize DTX, i.e., a RX UE which misses PSCCH scheduling the PSSCH. In addition, when multiple RX UEs transmit NACK in the common SL HARQ feedback resource, there could be the destructive channel sum effect which causes an error in detecting NACK, and this aspect needs to be further studied. For example, one possible solution is that the randomized sequence per RX UE can be transmitted to reduce this effect. Also when the threshold is used for the energy detection of NACK transmission(s) from RX UE(s), further study is necessary on how to guarantee the NACK detection performance regardless of the fluctuation of external interference. For example, to resolve this problem, the resource for interference measurement (i.e., Null RE) can be configured. To be specific, for detecting the presence of NACK transmission(s) from RX UE(s), the TX UE uses the difference between the energy measured in the common SL HARQ resource and the interference measured in the Null RE. Another option would be to allocate a dedicated SL HARQ feedback resource to each RX UE in the RX UE group. One obvious issue in this option is that SL HARQ feedback may require a large amount of resources if the RX UE group size grows. In addition, if SL HARQ feedback from the RX UE group needs to be FDMed, e.g., in order to reduce the HARQ RTT, then some power control may needs to be applied so that near-far problem caused by the in-band emission can be mitigated at the PSSCH TX UE side.
Proposal 4: For groupcast, when only NACK is transmitted in the common SL HARQ feedback resource, at least the following aspects need to be taken into account.

· Consider DTX problem (i.e., TX UE cannot recognize the case that a RX UE misses PSCCH scheduling PSSCH)

· Study how to reduce the destructive channel sum effect of NACK transmissions from multiple RX UEs

· Study how to determine the threshold to be used for the energy detection of NACK transmissions from RX UEs

In RAN1#94bis meeting, there was a discussion on whether/how to support TX-RX distance based SL HARQ feedback. From our perspective, it could be regarded as an optimization of broadcast since the packet is not transmitted targeting a certain RX UE group (e.g., sensor sharing). In other words, the groupcast is limited to the case when the application sets the RX UE group. In addition, the minimum required communication range is already included as QoS parameter in TR 23.786, and if a field which can be used for deriving QoS information is defined in PSCCH at least for aiding the sensing operation (e.g., similar to Priority Field in Rel-14), then it is not necessary to introduce new field for directly conveying the minimum target range information. The field of TX UE’s location information can be defined in PSCCH in order for RX UE to determine whether it is within the minimum target range for which SL HARQ feedback transmission is required.  
Proposal 5: RAN1 studies on the benefit of TX-RX distance based SL HARQ feedback. This scheme could be regarded as an optimization of broadcast since the packet is not transmitted targeting a certain RX UE group.

One scenario needs to be discussed is that Mode 1 TX UE receives SL HARQ feedback from RX UE (e.g., Mode 1 or 2 UE) and then reports it to its base station. In this case, the based station can properly determine whether the retransmission resource needs to be scheduled to the Mode 1 TX UE. Also it could be beneficial in terms of avoiding excessively pre-allocating the retransmission resource. However, it is not clear whether there could be problematic on satisfying the V2X service requirement due to additional latency caused by signaling exchange (between Mode 1 TX and its base station) before performing the retransmission. Therefore, further study is needed on this aspect.
Proposal 6: Further study is necessary on the feasibility at least in terms of latency, when considering the scenario that Mode 1 TX UE reports the received SL HARQ feedback (from RX UE) to its base station.
The interference observed in the sidelink will be heavily affected by the resource allocation of the UEs in the system. For example, the interference measured in the resource used by a close TX UE is likely to be low because the other UEs close to the RX UE will avoid using the resource. Also the interference could dynamically vary in the mobile vehicular environment. Thus, the short-term channel quality measurement and feedback should be carefully designed. In addition, the purpose of this operation is to obtain the channel quality information for the resource that may be used in the future, then it needs to transmit CSI-RS on the wideband which could be larger than the current reserved resource via the sensing operation. However, since the interference characteristics on the reserved resource and other resources are not the same, the channel quality information obtained from the non-reserved resource will not be valid when actually using that resource. Even though this operation is targeted for obtaining the channel quality information for the currently reserved resource and the transmission of CSI-RS is performed within this resource, it is not clear what channel quality should be assumed when performing the initial transmission after reselecting the reserved resource. On the other hand, the long-term channel quality measurement and feedback could be useful at least for e.g., QoS prediction based admission control, initial transmission parameter setting.
Proposal 7: Long-term channel quality measurement and feedback is supported.

· FFS on whether/how to support short-term channel quality measurement and feedback
If SL pathloss is taken into account for determining the transmission power, it could be beneficial at least in terms of reducing the interference generation and the battery consumption (e.g., especially for the pedestrian UE). However, it is not clear whether the dynamic power control needs to be supported considering the potential impacts on the channel quality measurement/sensing accuracy. Also if its target is the link adaptation, we think that the similar effect can be achieved by using other techniques (e.g., MCS adjustment).

Proposal 8: SL pathloss based on open-loop power control is supported.

· FFS on whether/how to support closed-loop power control

Since the session establishment is necessary for unicast or groupcast, UE needs to perform the discovery procedure for identifying the neighboring UEs. One issue needs to be discussed is whether separate physical channel for conveying the discovery message is needed or not. In Rel-12 D2D, separate discovery physical channel is defined and its format for which UE blindly decodes is fixed. However, it seems difficult to figure out the proper size for the discovery message considering the various services or use cases in NR V2X. Therefore, the physical channel with the flexible size would be more desirable. Then, performing the discovery procedure with the communication physical channel, e.g., control/data channel, seems to be more straightforward. For example, the physical control channel has an indication bit for the discovery operation and the corresponding data channel includes the discovery message. The measurement related to the discovery procedure can also be performed through the communication physical channel, i.e., DMRS conveyed in this channel can be used to measure the RSRP for establishing a session between communication pair.
Proposal 9: Physical channel for SL discovery is not separately designed (e.g., reusing physical channel for SL communication).
3. Conclusions

In this contribution, we discussed several aspects on physical layer procedure for NR V2X. Based on the above discussion, our proposals are given as follows:
Proposal 1: The following additional information is conveyed via PSCCH at least for supporting HARQ combining in the physical layer when SL HARQ feedback is used.

· Layer-1 source ID, HARQ process ID if multiple SL HARQ processes are supported

· Details of ID are up to RAN2

Proposal 2: Separate physical channel for SL feedback is supported.

Proposal 3: To avoid the resource collision in SL HARQ feedback transmission, it could be beneficial if the time/frequency location of SL HARQ feedback resource is correlated with the corresponding PSSCH transmission.

Proposal 4: For groupcast, when only NACK is transmitted in the common SL HARQ feedback resource, at least the following aspects need to be taken into account.

· Consider DTX problem (i.e., TX UE cannot recognize the case that a RX UE misses PSCCH scheduling PSSCH)

· Study how to reduce the destructive channel sum effect of NACK transmissions from multiple RX UEs

· Study how to determine the threshold to be used for the energy detection of NACK transmissions from RX UEs

Proposal 5: RAN1 studies on the benefit of TX-RX distance based SL HARQ feedback. This scheme could be regarded as an optimization of broadcast since the packet is not transmitted targeting a certain RX UE group.

Proposal 6: Further study is necessary on the feasibility at least in terms of latency, when considering the scenario that Mode 1 TX UE reports the received SL HARQ feedback (from RX UE) to its base station.
Proposal 7: Long-term channel quality measurement and feedback is supported.

· FFS on whether/how to support short-term channel quality measurement and feedback
Proposal 8: SL pathloss based on open-loop power control is supported.

· FFS on whether/how to support closed-loop power control

Proposal 9: Physical channel for SL discovery is not separately designed (e.g., reusing physical channel for SL communication).
