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Introduction
In RAN#83, a Rel-16 work item on 5G V2X with NR sidelink was approved [1]. One of the objectives of the NR V2X WI is to specify sidelink physical layer procedures as per the study outcome.
	· 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 document, we share our views on a few aspects of physical layer procedures for NR sidelink.
Discussion
Layer-1 IDs
The following was agreed in RAN1 NR AH 1901 [2],
	Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)


Layer-1 IDs in SCI
If both layer-1 destination ID and layer-1 source ID are included in SCI, a layer-1 ID has to be a short integer with very limited bit width, e.g. 8 bits. Furthermore, since any “destination UE” can also be a “source UE”, the same definition of layer-1 ID should be applied to both layer-1 destination ID and layer-1 source ID, at least for unicast. 
Proposal 1: The size of a layer-1 ID is [8] bits.
Layer-1 ID generation
The layer-1 ID should be derived from the corresponding higher layer (e.g. layer-2) ID, in order to simplify the mapping of IDs across layers. There are a few ways to derive the layer-1 ID: 
· Alt 1: Use a hashing function to calculate the layer-1 ID taking the layer-2 ID as input.
· Alt 2: Truncate the layer-2 ID (e.g. take the 8 LSBs of the layer-2 ID as was done in LTE D2D).
· Alt 3: Use a separate layer-1 ID space respectively for unicast, groupcast and broadcast (or at least for unicast and groupcast).
Among the three alternatives we slightly prefer Alt 3 because it gives a lower probability of layer-1 ID collision. Note that with Alt 2 and Alt 3, the value or value ranges of the layer-1 ID cannot be used to indicate the cast-type; the same can however be achieved by Alt 1, if carefully designed. Furthermore, Alt 1 and Alt 2 have another shortcoming that they may map two layer-2 IDs allocated to the UE (assuming the UE can be allocated multiple layer-2 IDs, same as in LTE V2X) to the same layer-1 ID, which may be an issue if the two layer-2 IDs are intended for two parallel unicast sessions, i.e. the UE when receiving an SCI intended for the layer-1 ID may not know which unicast session the corresponding PSSCH is scheduled for.
Proposal 2: Layer-1 ID is derived from layer-2 ID, using one of the following alternatives:
· Alt 1: Use a hashing function to calculate the layer-1 ID taking the layer-2 ID as input.
· Alt 2: Truncate the layer-2 ID (e.g. take the 8 LSBs of the layer-2 ID as was done in LTE D2D).
· Alt 3: Use a separate layer-1 ID space respectively for unicast, groupcast and broadcast (or at least for unicast and groupcast).
HARQ feedback
Maximum group size
As indicated in [3], a groupcast session is established via higher layer message exchanges, and it is up to the higher layers to determine the members of a group. However, in case HARQ-ACK feedback is enabled for groupcast, the available HARQ-ACK resources at the physical layer may pose a restriction on the size of the group. Therefore, the higher layers (e.g. application layer, or V2X layer) may have to know the maximum group size supported by the AS layer. On the other hand, it is crucial that the maximum group size is not fully coupled with the available HARQ-ACK resources on the sidelink which themselves may be time-varying anyway, depending on a lot of factors, e.g. channel busy ratio, traffic models, resource pool size, etc.
Proposal 3: The maximum group size, if defined, is made available to the higher layers (e.g. application layer, or V2X layer) of the transmitter UE before establishment of any group for groupcast.
· FFS how the maximum group size is determined (e.g. pre-defined, (pre-) configured, or dynamically derived by the AS layer, etc.).
Proposal 4: The number of receiver UEs in a group for groupcast is not hard-limited by the number of physical layer HARQ-ACK resources.
Additional condition on HARQ disabling
A leftover issue in sidelink HARQ-ACK during SI phase is whether to support additional condition to disable sidelink HARQ feedback when (pre-)configuration enables HARQ-ACK. (Pre-)configuration of enabling/disabling HARQ is rather semi-static, when congestion level is high and HARQ feedback is enabled, considering PSFCH itself consumes sidelink resources, A/N can be disabled to improve performance, e.g. via SCI.
Proposal 5: Support dynamic indication to disable HARQ feedback besides (pre-)configuration in NR sidelink.
Groupcast HARQ feedback
The working assumptions made in RAN1 NR AH 1901 were confirmed in RAN1#96bis supporting both options for groupcast HARQ-ACK, with the following further agreements [4]:
	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.


Considering NR sidelink supports both options, it may be straightforward that (pre-) configuration indicates for a UE whether Option 1 with NACK-only or Option 2 with ACK/NACK is used for groupcast HARQ feedback.
As for Option 2 with ACK/NACK, one remaining issue is whether to support PSFCH resource allocation where all or a subset of UEs share a PSFCH for ACK transmission and another PSFCH resource for NACK transmission. From our perspective, in groupcast HARQ, shared resource for ACK and NACK respectively can reduce the resource overhead of PSFCH. And if this is to be supported, there is no need to (pre-)configure whether Option 1 or Option 2 is used for groupcast HARQ feedback. If UE is indicated resources separately for ACK and NACK, Option 2 is used; Otherwise, Option 1 is used.
Proposal 6: Support one of the following alternatives:
· Alt 1: (Pre-) configuration indicates whether Option 1 or Option 2 is used in groupcast HARQ.
· Alt 2: All or a subset of UEs share a PSFCH resource for ACK/NACK transmission.
Determination of frequency/code domain resource for PSFCH
In RAN1#97, the implicit mechanism was agreed for determination of frequency and/or code domain resource for PSFCH, with the following agreements [5]:
	Agreements:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)


It was agreed that PSFCH resource is periodically configured within the slots in the resource pool, with the periodicity equal to 1, 2, or, 4. Furthermore, it was agreed that corresponding HARQ-ACK in PSFCH for a PSSCH transmission with last symbol in slot n is expected to be in slot n+a where a is the smallest integer larger than or equal to the (pre-)configured minimum time gap between PSSCH and PSFCH. When the periodicity is set to 4, it means PSFCH corresponding to PSSCH transmissions in 4 consecutive slots within the resource pool is located in one single slot. Meanwhile, for groupcast HARQ-ACK option 2, each receiver UE uses a separate PSFCH resource for sidelink A/N. In this case, e.g. PSSCH transmission for each group occupies only one sub-channel in a slot within the resource pool and different group of UEs use non-overlapping sub-channels, which makes PSFCH resource allocation much more challenging to ensure separate PSFCH resource for different UEs compared with unicast scenario and groupcast HARQ-ACK option 1. From our perspective, to alleviate PSFCH resource allocation issue, PSFCH resource configuration with multiple OFDM symbols can be considered. In RAN1#97, it was agreed to support one symbol PSFCH format based on PUCCH format 0. Multiple OFDM symbols configuration for the agreed PSFCH format may enlarge the set of available PSFCH resources, e.g. PSFCH resource configuration with symbol number configured as 4, then naturally total number of PSFCH resources are 4 times compared with only one symbol PSFCH configuration and the configuration with multiple symbols is not against any of former agreements on PSFCH.
Proposal 7: Consider to support PSFCH resource configuration with more than one OFDM symbols in NR sidelink.
There might still be cases when available PSFCH resources cannot meet the requirement for groupcast option 2. When resource pool information is (pre-) configured with PSFCH resource periodicity, sub-channel number, etc., the UE is able to determine the number of separate PSFCH resources corresponding to a single sub-channel. A simple method is when the relative identifier to distinguish each RX UE in the group is larger than the determined number, UE with the identifier may consider not to transmit sidelink A/N. TX UE in the group will not try to receive A/N from this RX UE as TX UE is aware of the identifier for this RX UE as well and resource pool (pre-) configuration is common to both TX UE and RX UE.
Proposal 8: FFS methods of PSFCH resource allocation when total PSFCH resources are not able to meet the requirement for groupcast HARQ-ACK option 2.
Conclusion
In this contribution, we discuss some issues on physical layer procedures in NR sidelink, and make the following proposals:
Proposal 1: The size of layer-1 ID is [8] bits.
Proposal 2: Layer-1 ID is derived from layer-2 ID, using one of the following alternatives:
· Alt 1: Use a hashing function to calculate the layer-1 ID taking the layer-2 ID as input.
· Alt 2: Truncate the layer-2 ID (e.g. take the 8 LSBs of the layer-2 ID as was done in LTE D2D).
· Alt 3: Use a separate layer-1 ID space respectively for unicast, groupcast and broadcast (or at least for unicast and groupcast).
Proposal 3: The maximum group size, if defined, is made available to the higher layers (e.g. application layer, or V2X layer) of the transmitter UE before establishment of any group for groupcast.
· FFS how the maximum group size is determined (e.g. pre-defined, (pre-) configured, or dynamically derived by the AS layer, etc.).
Proposal 4: The number of receiver UEs in a group for groupcast is not hard-limited by the number of physical layer HARQ-ACK resources.
Proposal 5: Support dynamic indication to disable HARQ feedback besides (pre-)configuration in NR sidelink.
Proposal 6: Support one of the following alternatives:
· Alt 1: (Pre-) configuration indicates whether Option 1 or Option 2 is used in groupcast HARQ.
· Alt 2: All or a subset of UEs share a PSFCH resource for ACK/NACK transmission.
Proposal 7: Consider to support PSFCH resource configuration with more than one OFDM symbols in NR sidelink.
Proposal 8: FFS methods of PSFCH resource allocation when total PSFCH resources are not able to meet the requirement for groupcast HARQ-ACK option 2.
References
[bookmark: _Ref524697449]RP-190766, “New WID on 5G V2X with NR sidelink”, LG Electronics, Huawei, 3GPP RAN#83.
[bookmark: _Ref20885699][bookmark: _Ref5092359]Chairman’s notes, RAN1 AH#1901.
[bookmark: _Ref20885717]3GPP TR 23.786: "Study on architecture enhancements for the Evolved Packet System (EPS) and the 5G System (5GS) to support advanced V2X services".
[bookmark: _Ref20885740]Chairman’s notes, RAN1#96bis.
[bookmark: _Ref20885759]Chairman’s notes, RAN1#97.
7

