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Introduction
In RAN#83, the new work item on 5G V2X with NR sidelink[1] was approved with the following objectives related to sidelink physical layer procedures:
	· 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 RAN196bis meeting, the sidelink physical layer procedures for NR V2X were discussed with following agreements:
	Agreements:
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· FFS the details of the corresponding PSFCH format
· FFS whether it is also applicable from system/resource pool perspective or not
· i.e., in this case, there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS FDM between PSCCH/PSSCH and a PSFCH format which uses last symbol(s) available for sidelink in a slot 
· FFS TDM/FDM between PSCCH/PSSCH and other PSFCH format(s), if supported, which is/are different from the PSFCH format which uses last symbol(s) available for sidelink in a slot
Agreements:
· Confirm the following working assumption:
· Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet
· Send LS to RAN2 to inform RAN1’s agreement on HARQ feedback for groupcast – draft LS to be prepared in R1-1905790 which is approved with final LS in R1-1905906
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
Agreements:
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool
Agreements:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission



This contribution will further discuss following design aspects on sidelink physical layer procedures:
· Sidelink HARQ operations
· Sidedlink CSI acquisitions
· Sidelink power control
Sidelink HARQ operations 
There are two types of sidelink HARQ operation supported in NR: they are  blind retransmission mechanism with the number of retransmission indicated in advance and adaptive retransmission mechanism with retransmission resource allocated and indicated only when NACK feedback is received.
Blind retransmission is desirable for both broadcast communication and unicast/groupcast communication without HARQ feedback. And both blind retransmission and adaptive retransmission can be used for unicast/groupcast communication with HARQ feedback enabled. If HARQ feedback is enabled  for unicast/groupcast communication, it can achieve early termination gain.  . 
Blind retransmission
In Rel-14 LTE V2X, only one retransmission is allowed with the consideration of the reliability requirement of basic road safety service [2](up to 95%).  
NR V2X targets to support advanced V2X service, which are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving [3]. The reliability requirements for these advanced V2X service are varied from 90% to 99.999%. Therefore, the blind retransmission mechanism in NR V2X provides time diversity gain on top that of LTE V2X with the support of flexible number of retransmission. If SCI is used to indicate the resource for both initial transmission and retransmissions in an explicit manner, it will lead to extreme high SCI overhead, with the consideration of tradeoff among SCI overhead, scheduling flexibility and varied retransmission number, as shown in Figure 1, slot-bundling and pattern-based retransmission mechanism can be further studied.  


Figure 1: Enhanced retransmission in NR V2X
Proposal 1: The blind retransmission mechanism in NR V2X shall be enhanced on top of LTE V2X to support flexible number of retransmissions.

Layer-1 information for HARQ operation
If blind retransmission is used in sidelink unicast/groupcast communication, the HARQ process ID, RV and NDI indications are not necessary to include in SCI contents. 
If adaptive retransmission is enabled for sidelink unicast and groupcast communication, the HARQ processing information should be included in the SCI to support the sidelink HARQ operation, which includes HARQ process ID, NDI and RV.
Observation: In case of sidelink unicast/groupcast communication in blind retransmission manner, HARQ process ID, NDI and RV indications are not necessary to include in SCI
Proposal 2: In case of sidelink unicast/groupcast communication in adaptive retransmission manner, HARQ process ID, NDI and RV shall be included in SCI. 

PSFCH resource configurations
The main issue on the PSFCH resource configuration is the multiplexing between PSCCH/PSSCH and PSFCH. FDM between PSCCH/PSSCH and PSFCH is undesirable because it will lead to the complicated half duplex constraint for some UEs not to transmit and receive at the same symbol. The main motivation of FDM multiplexing is for PSFCH resource overhead reduction. However, the PSFCH resource can also be configured periodically with a period of N slots to reduce the PSFCH overhead. FDM multiplexing is not a good solution due to half-duplex issue.Only TDM between PSCCH/PSSCH and PSFCH needs to be supported in Rel-16 V2X. Furthermore, for a given slot, the OFDM symbols used for PSFCH shall be same; otherwise, it will lead half-duplex issue as shown in Figure 2. The PSFCH resource configuration could be a resource pool specific configuration.  


.
Figure 2: TDM multiplexing between PSCCH/PSSCH and PSFCH

Proposal 3: Only TDM multiplexing between PSCCH/PSSCH and PSFCH shall be support in NR V2X. 
· For a given slot, the OFDM symbols used for PSFCH shall be same.
· The PSFCH resource configuration is a resource pool specific configuration. 

PSFCH resource determination
For sidelink unicast communication, ACK/NACK based HARQ feedback is supported and NR PUCCH Format 0 should be considered as the starting point for the design of PSFCH. There is a one-to-one mapping between PSFCH and its associated PSSCH transmission.
For sidelink groupcast communication, there are two options for HARQ feedback:
· Option 1: Receiver UE transmits only HARQ NACK, and all the receiver UEs share a PSFCH
Option 1 is more appropriate for the groupcast communication with large number of group member, it can reduce the PSFCH overhead and avoid complex PSFCH resource selection. 
If all the UEs share the same PSFCH resource, the Tx UE can easily determine whether to retransmit the associated PSSCH by energy/sequence detection. There is no strong motivation to support subset of Rx UE sharing a PSFCH.
· Option 2: Receiver UE transmits HARQ ACK/NACK, each receiver UE uses a separate PSFCH for HARQ ACK/NACK
Option 2 is appropriate for the groupcast communication with small number of group member. Option 2 requires separate PSFCH resource for each destination UE, there is a one-to-many mapping between PSFCH resources and its associated PSSCH transmission. 
There is still a FFS point on whether to support one shared PSFCH resource for ACK transmission and another PSFCH for NACK transmission in option 2. From our view, this operation is somehow similar as option 1, it is not necessary to support this operation on top of current agreement that each receiver UE uses a separate PSFCH resource. 
In case of unicast communication and groupcast communication with HARQ feedback option 1, there is one-to-one mapping between PSSCH transmission and its associated PSFCH resource, it is preferred that the associated PSFCH resource is derived from the PSCCH/PSSCH resource implicitly.
[bookmark: _GoBack]Proposal 4: In both unicast communication and groupcast communication with HARQ feedback option 1, only one associated PSFCH resource is derived from the PSCCH/PSSCH resource implicitly.

In order to support option 2 for gourpcast communication and avoid complicated PSFCH resource selection procedure, an implicit resource indication is preferred which each PSCCH/PSSCH of groupcast transmission is associated with a set of PSFCH resources and PSFCH resources are derived from the PSCCH/PSSCH resource implicitly. Additionally, the control signaling, such as RRC signaling or implicit indication through UE ID, for groupcast communication shall be introduced to configure the PSFCH resource for each destination UE. 
Proposal 5: In groupcast communication with HARQ feedback option 2, it is preferred that a set of PSFCH resources shall be derived from the associated PSCCH/PSSCH resource implicitly.
· FFS on PSFCH resource allocation for each group member within the set of PSFCH resources.

CSI acquisitions for sidelink unicast communication
CSI acquisition is motivated for link adaptation operation. The CSI information can be obtained through CSI feedback or channel reciprocity. Based on the objectives provided in work item, the sidelink CSI reporting is delivered by PSSCH using the resource allocation procedure for data transmission. Similar as non-standalone CSI-RS for CSI measurement, periodical CSI-only reporting is also not feasible in NR V2X due to half-duplex issue.
Proposal 6: Only aperiodic CSI reporting is support in sdielink unicast communication. 

Additional SCI indicator shall be introduced to indicate the presence of CSI-RS in the related PSSCH resource, and this indicator can also be used to trigger CSI reporting. 
Proposal 7: SCI shall indicate the presence of CSI-RS in the related PSSCH resource, and this indicator can also be used to trigger CSI reporting.

There are two potential options for CSI reporting:
· Option 1: CSI reporting is transmitted with associated data transmission
In this option, CSI information is transmitted in PSSCH-piggyback manner the resource allocation mechanism for data transmission could be purely reused.  
· Option 2: CSI-only information is transmitted by PSSCH
In case of CSI-only PSSCH transmission, the sub-channel based resource selection shall also be used for CSI-only PSSCH transmission, even the contents of CSI information is about ten bits, which is much less than that of data. 
In both of the above options, the SCI contents need to indicate the presence of CSI reporting in the PSSCH resource, and also indicate the CSI reporting is a CSI-only reporting or not.
Proposal 8: The SCI shall indicate the presence of CSI reporting in the PSSCH resource, and also indicate whether the CSI reporting is CSI-only reporting or not.  

Sidelink power control

	RAN1 adhoc#1901 meeting agreements:

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
Agreements:
· Long-term measurement of sidelink signal is supported at least for unicast.
· Long-term measurement here means a measurement with L3 filtering.
· This measurement is used at least for the open-loop power control.
· FFS for other purpose
· FFS: measurement metric
· FFS: which signal is used
· FFS: whether feedback of this measurement is needed
· FFS whether this is applicable to groupcast
RAN1#96 meeting agreements:
Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 
Agreements:
· TPC commands for SL PC are not supported



The above agreements for sidelink power control were achieved in NR V2X SI phase. The folliwng issues are discussed further:
· Which RS used for SL-RSRP measurement?
Both DMRS and CSI-RS could be used for SL-RSRP estimation, but the CSI-RS may not be always available. Both RSs are associated with PSSCH transmission, and the transmission power of RS shall be same as that of PSSCH transmission and also with power control. If the transmission power is known in advance, it will be beneficial of SL-RSRP measurement accuracy. 
· How to obtain the SL-RSRP?
From Tx UE side, the SL-RSRP could be obtained either by SL-RSRP reporting from Rx UE side or by channel reciprocity. From our understanding, both approaches are feasible and could get similar SL-RSRP measurement accuracy. If the CSI reporting is enabled, the SL-RSRP will be always associated with CSI reporting transmission.  If CSI reporting is disabled, no separate SL-RSRP report will be used, and the SL-RSRP is obtained by channel reciprocity. 
Proposal 9: Both DMRS and CSI-RS (if enable) can be used for SL-RSRP measurement.
Proposal 10: SL-RSRP reporting shall only be associated with CSI reporting, and no separate SL-RSRP reporting is supported in NR V2X. 
Conclusions
In this contribution, the design aspects for sidelink physical layer procedure are discussed. Particularly, we have following observation and proposals:
Observation: In case of sidelink unicast/groupcast communication in blind retransmission manner, HARQ process ID, NDI and RV indications are not necessary to include in SCI

Proposal 1: The blind retransmission mechanism in NR V2X shall be enhanced on top of LTE V2X to support flexible number of retransmissions.
Proposal 2: In case of sidelink unicast/groupcast communication in adaptive retransmission manner, HARQ process ID, NDI and RV shall be included in SCI. 
Proposal 3: Only TDM multiplexing between PSCCH/PSSCH and PSFCH shall be support in NR V2X. 
· For a given slot, the OFDM symbols used for PSFCH shall be same.
· The PSFCH resource configuration is a resource pool specific configuration. 
Proposal 4: In both unicast communication and groupcast communication with HARQ feedback option 1, only one associated PSFCH resource is derived from the PSCCH/PSSCH resource implicitly.
Proposal 5: In groupcast communication with HARQ feedback option 2, it is preferred that a set of PSFCH resources shall be derived from the associated PSCCH/PSSCH resource implicitly.
· FFS on PSFCH resource allocation for each group member within the set set PSFCH resources.
Proposal 6: Only aperiodic CSI reporting is support in sdielink unicast communication. 
Proposal 7: The SCI shall indicate the presence of CSI-RS in the related PSSCH resource, and this indicator can also be used to trigger CSI reporting.
Proposal 8: The SCI shall indicate the presence of CSI reporting in the PSSCH resource, and also indicate whether the CSI reporting is CSI-only reporting or not.  
Proposal 9: Both DMRS and CSI-RS (if enable) can be used for SL-RSRP measurement.
Proposal 10: SL-RSRP reporting shall only be associated with the CSI reporting, and no separate SL-RSRP reporting is supported in NR V2X. 
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