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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 on layer-1 IDs was agreed in RAN1#98b [2],
	Agreements:
· For the number of bits of L1 IDs,
· Layer-1 destination ID: 16 bits
· Layer-1 source ID: 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 1: 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 2: 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 3: The number of receiver UEs in a group for groupcast is not hard-limited by the number of physical layer HARQ-ACK resources.
Remaining issues for PSFCH resource determination
In RAN1#97, the implicit mechanism was agreed for determination of frequency and/or code domain resource for PSFCH, with the following agreements [4]:
	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.)


In the offline discussions of [98-NR-10] and [98b-NR-21], further agreements on the implicit mechanism were made as following:
	[98-NR-10]
Agreements
· For implicit mechanism for PSFCH resource determination, 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel in the same slot 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel(s) in different slots
· FFS: Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots 
· FFS whether/when to support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions (e.g., when PSFCH resource is insufficient)
· For groupcast HARQ feedback Option 2, support CDM and FDM between PSFCH resources used by different RX UEs for HARQ feedback of the same PSSCH transmission
· FFS how to multiplex HARQ feedback for unicast, groupcast option 1, and groupcast option 2.
[98b-NR-21]
Proposal 1:
· For implicit mechanism for PSFCH resource determination,
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots
Proposal 2:
· For implicit mechanism for PSFCH resource determination,
· In a resource pool, one or multiple PSFCH candidate resources are determined from the starting sub-channel index and slot index used for the corresponding PSSCH
· Within the determined PSFCH candidate resources, PSFCH resource for actual transmission is selected based on at least the following parameters
· For unicast and groupcast HARQ feedback Option 1,
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI
· For groupcast HARQ feedback Option 2,
· member ID (i.e., the “identifier” agreed in RAN1#97 to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback)
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI


One remaining issue is whether to support layer-1 source ID of TX UE for PSFCH resource determination. In our understanding, the intention to introduce TX UE source ID is to separate PSFCH resources in case of PSSCH transmission collision or overlapping. As resource pool sharing between mode 1 and mode 2 has not been decided to support, we could naturally discuss mode 1 and mode 2 separately. For resource allocation mode 1, gNB schedules TX resources within the resource pool and it is hence natural to avoid such collision/overlapping of PSSCH transmission by gNB. For resource allocation mode 2, the sensing and resource (re-)selection procedures (i.e. Step 1 and Step 2), along with the potential pre-reservation mechanism both aim to avoid cases of transmission collision. As for PSSCH transmissions collision between separate resource pools, even with layer-1 source ID introduced, the cases are at most  as layer-1 source ID only consists of truncated 8 bits of layer-2 ID, which means PSFCH separation may not be fully realized.
Proposal 4: Layer-1 source ID is not supported to determine PSFCH resource for unicast and groupcast HARQ-ACK option 1/2.
In RAN1#98, it was agreed that a resource pool used for all of unicast, groupcast, and broadcast is (pre-) configured for a given UE [5]. Meanwhile, it was agreed in [98b-NR-20] to support SCI explicitly to indicate whether groupcast HARQ-ACK option 1 or option 2 is used dynamically. The agreements above reveal that HARQ operation for different PSSCH transmissions within a resource pool may be various, e.g. in a single slot, PSSCH A with starting subchannel m is for groupcast HARQ-ACK option 2 while PSSCH B with starting subchannel n is for unicast. Then it is straightforward to determine an intermediate number of PSFCH candidate resources common to unicast and groupcast HARQ-ACK option 1/2 within a resource pool configuration. More specifically, the intermediate number of PSFCH candidate resources denoted as  is determined as e.g. 
· 
·  is the total number of PSFCH resources including code domain based on the (pre-) configuration of the set of frequency resources for the actual use of PSFCH transmissions.
·  is the number of bit(s) for one PSFCH transmission.
·  is the periodicity of PSFCH resources in unit of slots within a resource pool.
·  is the number of subchannels in a single slot within a resource pool.
On top of the resource pool configuration, each UE determines . For unicast and groupcast HARQ-ACK option 1, UE selects PSFCH resources within the determined  candidate resources. For groupcast HARQ-ACK option 2, UE also needs to consider the in-group ID to determine PSFCH resource within the determined  candidate resources. For cases that the group size is larger than , UE(s) with in-group ID larger than  may consider not to feedback sidelink A/N. TX UE in the group will not try to receive A/N from this RX UE as resource pool (pre-) configuration is common to both TX UE and RX UE.
Proposal 5: Introduce an intermediate number of candidate PSFCH resources common to unicast and groupcast HARQ-ACK option 1 and option 2.
Conclusion
In this contribution, we discuss some issues on physical layer procedures in NR sidelink, and make the following proposals:
Proposal 1: 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 2: 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 3: The number of receiver UEs in a group for groupcast is not hard-limited by the number of physical layer HARQ-ACK resources.
Proposal 4: Layer-1 source ID is not supported to determine PSFCH resource for unicast and groupcast HARQ-ACK option 1/2.
Proposal 5: Introduce an intermediate number of candidate PSFCH resources common to unicast and groupcast HARQ-ACK option 1 and option 2.
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