[bookmark: _Hlk4140155]3GPP TSG RAN WG1 #101		                                    R1-2004296
e-Meeting, May 25th – May 29th, 2020

Agenda Item:	7.2.4.5
Source:	InterDigital, Inc.
Title:	Remaining Issues on Physical Layer Procedures for NR V2X 
Document for:	Discussion and Decision
[bookmark: _Ref513464071]Introduction
In RAN #86, the following issues were discussed and identified as remaining open issues for physical layer procedure to be addressed [1] in subsequent RAN1 meetings: 
	Category
	Remaining issue in RAN1
	RAN2 impact

	PHY 
Layer
Procedure
	B1
	Details of “when to prioritize which transmission” in case of simultaneous transmission of UL and SL across difference carriers
	Depends on the outcome of RAN1 discussion

	
	B2
	Details on PSFCH candidate resource determination
	No

	
	B3
	Whether or not to introduce restriction on the size of group in groupcast HARQ feedback option 2 
	Depends on the outcome of RAN1 discussion

	
	B4
	Details of calculating TX-RX distance for groupcast HARQ feedback option 1
	Yes

	
	B5
	Details of transmission power of PSCCH
	No

	
	B6
	How to derive reference PSSCH DMRS power for SL pathloss estimation
	No

	
	B7
	Details of sidelink CSI measurement
	No

	
	B8
	Contents of 2nd SCI format, including down-selection of the following options:
Option 1: The same 2nd stage SCI format is used for groupcast HARQ feedback option 1 and option 2.
SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
Option 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2.
1st stage SCI indicates which format is used.
	No



In RAN1 #100b, the following are agreed regarding the remaining issues on Physical Layer Procedures for NR V2X [13]:
Agreements:
When the UE supports up to Nmax,psfch simultaneous PSFCH transmissions in a PSFCH TX occasion and UE have Nreq PSFCHs to be transmitted in a given PSFCH TX occasion, the UE selects N PSFCHs for actual transmission with ascending order of the priority in a PSFCH TX occasion as follows: 
· Case 1: When Nreq<=Nmax,psfch and [image: cid:image001.png@01D62213.B8362ED0] is (pre-)configured,
· Case 1-1: N=Nreq if the sum of [image: cid:image002.png@01D62213.B8362ED0] for the Nreq PSFCHs is smaller than or equal to [image: cid:image003.png@01D62213.B8362ED0] determined for the Nreq PSFCH transmissions.
· Case 1-2: Otherwise, N is up to UE implementation under N >= X >= 1.
· Case 2: When Nreq>Nmax,psfch and [image: cid:image001.png@01D62213.B8362ED0] is (pre-)configured, the UE firstly selects Nmax,psfch PSFCHs with ascending order of the priority.
· Case 2-1: N=Nmax,psfch if the sum of [image: cid:image002.png@01D62213.B8362ED0] for the Nmax,psfch PSFCHs is smaller than or equal to [image: cid:image003.png@01D62213.B8362ED0] determined for the Nmax,psfch PSFCH transmissions.
· Case 2-2: Otherwise, N is up to UE implementation under N >= X >= 1.
· Down select X in RAN1#101-e
· Alt 1: X = max {1, the largest value which doesn’t lead to the power limited case}
· Alt 2: X= 1
· Other alternatives are not precluded.
Agreements:
For the prioritization between PSFCH TX and PSFCH RX,
· When the UE is required to transmit more than one PSFCH, the highest priority of the associated PSCCH/PSSCH is used for prioritization of the PSFCH transmission.
· When the UE is required to receive more than one PSFCH, the highest priority of the associated PSCCH/PSSCH is used for prioritization of the PSFCH reception.
Agreements: For prioritization between PSFCH and UL TX,
· The priority of PSFCH TX is the highest priority of the associated PSCCH/PSSCH
· When the overlapping UL TX other than PUCCH carrying SL HARQ reporting,
· when UL TX is associated with a DCI indicating “high” in “priority field” or configured with “high priority” by higher layers (i.e., URLLC case)
· If SL-threshold for URLLC case is configured, LTE rule is used (i.e., UL TX is down-prioritized if the priority value of SL-TX is smaller than SL-threshold, otherwise prioritized)
· Otherwise, UL TX is prioritized
· Otherwise, LTE rule is used with another SL-threshold configured for non-URLLC case
· Additionally, PRACH and PUSCH scheduled by RAR UL grant are always prioritized.
 Agreements: For prioritization between S-SSB and UL TX,
· The priority of S-SSB is equal to the (pre-)configured priority introduced for in-device coexistence.
· when UL TX is associated with a DCI indicating “high” in “priority field” or configured with “high priority” by higher layers (i.e., URLLC case)
· If SL-threshold for URLLC case is configured, LTE rule is used (i.e., UL TX is down-prioritized if the priority value of SL-TX is smaller than SL-threshold, otherwise prioritized)
· Otherwise, UL TX is prioritized
· Otherwise, LTE rule is used with another SL-threshold configured for non-URLLC case
· Additionally, PRACH and PUSCH scheduled by RAR UL grant are always prioritized.
 Agreements:
· When PUCCH carrying SL HARQ reporting overlaps with SL TX,
· The one with a higher priority is transmitted.
· The priority of PUCCH carrying SL HARQ reporting is the highest priority of the associated PSFCH
 Agreements:
· (Working assumption) For handling the case where more than one SL and UL transmissions overlap, adopt the following principle
· For more than one SL transmissions overlapping with a UL transmission, the highest priority of SL transmissions is used for the prioritization.
· For more than one UL transmissions overlapping with a SL transmission, the highest priority of UL transmissions is used for the prioritization.
· FFS details
 Agreements:
· If a UE is capable of simultaneous transmissions on UL and SL operating a Pcmax constraint, the prioritization rule between UL TX and SL TX for power sharing reuses the prioritization rule for dropping.
Agreements: One SCI format (referred to as 2nd SCI format A) is defined as follows:
· This format includes Zone ID and Communication range requirement.
· This format is used when the following HARQ operations are in use
· HARQ-ACK information includes only NACK
· FFS: No HARQ feedback
Agreements: One SCI format (referred to as 2nd SCI format B) is defined as follows:
· This format does not include Zone ID or Communication range requirement.
· This format is used when the following HARQ operations are in use 
· No HARQ feedback
· HARQ-ACK information includes ACK or NACK
· FFS: how to determine M_ID in the equation for the PSFCH resource index 
· Option 1: Based on L1 ID(s)
· Option 2: An explicit indication in SCI
· FFS: HARQ-ACK information includes only NACK
Agreements: Down-select one out of the following for the indication of HARQ feedback enable/disable:
· Option 1: This indication is conveyed in the 1st SCI.
· Option 2: This indication is conveyed in the 2nd SCI.
· Option 2-1: This indication is present both in 2nd SCI format A and B.
· Option 2-2: This indication is present in 2nd SCI format B but not in 2nd SCI format A.
Agreements: Send an LS to RAN2 regarding HARQ operations
· RAN1 informs RAN2 that RAN1 discussed whether to support mixing blind and feedback-based HARQ retransmissions of a TB and RAN1 agreed that this is an issue RAN2 needs to make decision.
Agreements:
· The specification does not allows UE to send multiple CSI triggers with overlapping CSI report windows in a given unicast session.
Agreements: The time and frequency location of the SL CSI reference resource is determined as follows:
· For a given CSI trigger, CSI reference resource in time domain is the slot where the CSI trigger is received
· For a given CSI trigger, CSI reference resource in frequency domain is the PRBs scheduled for the PSSCH in the CSI reference resource slot
Agreements:
· The latency bound of SL CSI report is signaled from CSI triggering UE to CSI reporting UE via PC5-RRC.
· The CSI triggering UE determines the latency bound by its implementation.
· Send an LS to RAN2 to inform the agreement.
In this contribution, we continue discussing further remaining details of Physical Layer Procedures including HARQ and CSI feedback.
HARQ procedures
It has been agreed that the SCI explicitly indicate whether HARQ feedback is needed or not for the associated PSSCH transmission, which effectively supports dynamic on/off of the HARQ feedback. UE determination based on QoS requirement, e.g. TX UE disabling of HARQ when QoS exceeds than a threshold, has been agreed and specified in RRC standards. From our perspective, a channel congestion condition can be used in addition to determine HARQ enabling/disabling at the Tx UE. For example, the sidelink HARQ feedback can be dynamically disabled because HARQ feedback may worsen the system performance in highly congested scenarios. 
[bookmark: _Hlk534989389]Proposal 1: A Tx UE is not allowed to enable HARQ feedback when CBR is higher than a threshold.
[bookmark: _Hlk40095511]It is agreed to support two 2nd SCI formats, i.e. 2nd SCI format A and B.  The 2nd SCI format A includes Zone ID and Communication Range Requirement (MCR) while the 2nd SCI format B does not carry the information.  As the Zone ID and MCR bit fields (16 bits total) are only required for groupcast transmission with HARQ Option 1, the 2nd SCI format A shall be used exclusively for such operation.   
Proposal 2: 2nd SCI format A is only used for HARQ operation in which HARQ feedback information includes NACK.
The 2nd SCI format B can be used for SL transmissions of all cast types with HARQ disabled, unicast transmissions with HARQ enabled and groupcast transmission HARQ Option 2.  In order for a UE to determine whether or not to apply the HARQ feedback, a HARQ feedback enable/disable indication shall be included in SCI and it is agreed to down-select the following options:
· Option 1: This indication is conveyed in the 1st SCI
· Option 2: This indication is conveyed in the 2nd SCI
· Option 2-1: This indication is present both in 2nd SCI format A and B 
· Option 2-2: This indication is present in 2nd SCI format B but not in 2nd SCI format A
Since the same 2nd SCI format B is used even for SL transmissions with HARQ disabled, including this indication in the 1st SCI will not provide any benefit in terms of UE processing saving.  Considering the principle of minimizing the size of the 1st stage SCI format, it is desirable to convey this indication in the 2nd stage SCI.  In particular, we think this indication should be within the 2nd SCI format B, because the 2nd SCI format A as discussed above shall be used exclusively for groupcast transmission with HARQ Option 1 and this indication will be redundant information.  
Proposal 3: Support Option 2-2 regarding HARQ enable/disable indication: This indication is present in 2nd SCI format B not in 2nd SCI format A.
When HARQ feedback is enabled in the 2nd SCI format B, a UE must furthermore determine correctly the PSFCH resource index and the applicability of CSI request.  The 2nd SCI format B should thus provide unequivocally the information regarding: 
· What M_ID shall be applied to compute PSFCH resource index (zero for a unicast transmission and a pre-configured member ID for a groupcast transmission)
· Whether the included CSI request bit field is applicable (used for a unicast transmission only)   
It has been discussed that PHY layer can obtain the information above based on on the L1 ID included in the 2nd SCI format B.  However, L1 destination ID is a subset of L2 destination ID due to the truncation and L1 ID collision between unicast and groupcast transmissions can occur.  Also, no explicit group of L2 IDs are dedicated for unicast or groupcast transmission.  Thus, in our opinion, such determination based on L1 ID is not reliable and it is beneficial to include an explicit SCI field in the 2nd SCI format B to indicate the required information, e.g. a 1-bit SCI field of whether the SL transmission is unicast or not.   
Proposal 4: 2nd SCI format B includes an explicit bit field to indicate which M_ID to use and whether CSI request is applicable.
As SL HARQ procedure is being finalized in RAN1 discussions, it becomes necessary to specify UE procedure for monitoring and receiving HARQ on sidelink in TS 38.213.  Note LTE Uu PHICH reception is described in TS 36.213.  In LTE, if ACK is decoded on the PHICH corresponding to a TB, a UE delivers ACK to the higher layers and otherwise NACK is delivered to the higher layers.  Thus, there is no distinction between NACK and DTX, because the LTE Uu UE behaviors based on NACK and DTX are identical.  
However, considering HARQ DTX is agreed to use for RLM/RLF on SL [14], it is important for SL that PHY layer delivers three indications to the higher layers based on the PSFCH decoding results, namely HARQ-ACK and HARQ-NACK for re-transmission purpose and HARQ DTX for sidelink RLM/RLF when HARQ is enabled for unicast transmissions.  Since sidelink RLM/RLF is not supported for group cast transmissions, no DTX indication is required by the higher layers and thus different UE behaviors should be described in the procedure.
For example, the UE procedure for monitoring and reception of PSFCH can include:
1. The UE determines to monitor and receive PSFCH when the HARQ is enabled for the PSSCH transmission, for example the 2nd SCI format A is used or the 2nd SCI format B is used and HARQ enabled is indicated in the SCI.  
2. The UE determines the PSFCH resource to monitor PSFCH based on the corresponding PSSCH transmission resources and PSFCH resource pool configuration.  This can be identical to the steps specified in the existing section 16.3 UE procedure for reporting HARQ-ACK on sidelink in TS 38.213.  Note M_ID used in this step can be based on the M_ID/CQI request indication (as discussed above) associated with the PSSCH transmission.  
3. If the PSFCH corresponds to a PSSCH transmission associated with 2nd SCI format A (groupcast HARQ-NACK-only without RLM/RLF), 
· The UE monitors a pre-defined sequence for NACK
· If no NACK is detected in the PSFCH resource
The UE deliver a ACK to the higher layer; 
Else 
The UE delivers a NACK to the higher layer;
Else (2nd SCI format B for groupcast or unicast with HARQ ACK/NACK)
· The UE monitors pre-defined sequences for ACK and NACK
· If a M_ID/CQI request indication is set (unicast with RLM/RLF)
· If ACK is detected in the PSFCH resource
  The UE delivers ACK to the higher layers
 Else 
  If NACK is detected in the PSFCH resource
    The UE delivers NACK to the higher layers
   Else
     The UE delivers DTX to the higher layers
else (groupcast without RLM/RLF)
· If ACK is detected in the PSFCH resource
     The UE delivers ACK to the higher layers
Else 
  The UE delivers NACK to the higher layers
Overall the PFSCH monitoring and reception procedure laid out above should be captured in TS 38.213 to clarify UE handlings of PSFCH reception with respect to different SL HARQ ACK/NACK options and RLM/RLF applicability.  
Proposal 5: Specify in TS 38.213 UE procedure for monitoring and receiving HARQ-ACK on sidelink including different UE behaviors for unicast (with RLM/RLF), groupcast Option 1 and groupcast Option 2.  
In RAN1 #97, it was agreed to further study three cases of simultaneous PSFCH transmissions and receptions.  One remaining issue is whether parameters in addition to priority can be used in prioritization between PSFCH TX/RX and TX/TX overlap.  
When a UE has PSFCH Tx/Rx overlap in the same slot, the UE needs to perform either PSFCH Tx or PSFCH Rx due to the half-duplex operation; thus, the UE needs to prioritize between Tx and Rx. It has been agreed that at least the priority indication of the corresponding TB is used to prioritize between PSFCH Tx and PSFCH Rx. When the priority is the same, additional parameters can be used. For example, a cast type or HARQ feedback option could be considered to determine which one is higher priority than another.
Proposal 6: When priority is the same between Tx and Rx PSFCH in the same slot, additional parameters (e.g., HARQ status, cast type, and HARQ feedback option) is used.
There is a possibility that a UE may receive multiple PSSCHs from different UEs in the same slot or different slots corresponding to the same PSFCH slot. In this case, the UE may need to transmit multiple PSFCHs to multiple UEs. It has been agreed in RAN1 that up to N PSFCH can be transmitted simultaneously and the value N can be subject to potential limitation due to RF requirements. RAN4 has indicated in an LS [12] that RAN4 has yet not defined RF requirements to support N>1 simultaneous PSFCH transmissions. However, one consideration stated in the LS, is that under the condition of fixed UE power of 23dBm, MPR can be in a range from 1.5 dB to X(TBD) dB depending on the PRB locations of those PSFCH transmissions. 
In RAN #100bis, it is agreed below: 
	Agreements:
When the UE supports up to Nmax,psfch simultaneous PSFCH transmissions in a PSFCH TX occasion and UE have Nreq PSFCHs to be transmitted in a given PSFCH TX occasion, the UE selects N PSFCHs for actual transmission with ascending order of the priority in a PSFCH TX occasion as follows: 
· Case 1: When Nreq<=Nmax,psfch and [image: cid:image001.png@01D62213.B8362ED0] is (pre-)configured,
· Case 1-1: N=Nreq if the sum of [image: cid:image002.png@01D62213.B8362ED0] for the Nreq PSFCHs is smaller than or equal to [image: cid:image003.png@01D62213.B8362ED0] determined for the Nreq PSFCH transmissions.
· Case 1-2: Otherwise, N is up to UE implementation under N >= X >= 1.
· Case 2: When Nreq>Nmax,psfch and [image: cid:image001.png@01D62213.B8362ED0] is (pre-)configured, the UE firstly selects Nmax,psfch PSFCHs with ascending order of the priority.
· Case 2-1: N=Nmax,psfch if the sum of [image: cid:image002.png@01D62213.B8362ED0] for the Nmax,psfch PSFCHs is smaller than or equal to [image: cid:image003.png@01D62213.B8362ED0] determined for the Nmax,psfch PSFCH transmissions.
· Case 2-2: Otherwise, N is up to UE implementation under N >= X >= 1.
· Down select X in RAN1#101-e
· Alt 1: X = max {1, the largest value which doesn’t lead to the power limited case}
· Alt 2: X= 1
· Other alternatives are not precluded.



In our view, it is important to strive for as much consistent UE behavior as possible in Case 1-2 and Case 2-2.  Alt 2 may lead to very different UE implementations and can cause inconsistent number of dropped PSFCH transmissions between UEs in similar situations even within the same group.  This can result in excessive HARQ re-transmissions and increased congestion.  On the other hand, Alt 1 may ensure that the number of actual simultaneous PSFCH transmissions based on each UE implementation is an upperbound constrained by the power limit in these cases.  Alt 1 is thus preferred.     
Proposal 7: Support Alt 1: X = max {1, the largest value which doesn’t lead to the power limited case} in selection of actual number of simultanoues PSFCH transmissions (N).  
When requested number of simultaneous PSFCH transmissions exceeds the number N, the UE can prioritize and determine which PSFCHs to transmit based on at least the priority associated with each PSFCH. When the priority is the same, additional parameters can be used, for example, cast type, groupcast HARQ option and/or HARQ status. Also, the PRB location of each PSFCH can be considered, e.g. selection of N PSFCH transmissions that are adjacent or close to each other in the frequency domain, in order to reduce inter-modulation and spurious emissions.
Proposal 8: When more than N PSFCHs have the same priority, additional parameters (e.g., HARQ status, cast type, PSFCH PRB location and HARQ feedback option) is used to further down-select the PSFCHs to be sent.
[bookmark: _Hlk32389290]In the groupcast Option 1, the HARQ feedback is distance-based, i.e. whether to transmit a HARQ feedback is determined based on the TX-RX distance. The TX-RX distance is computed by the Rx UE when both TX and RX UE locations are known. However, there may be a case that TX and/or RX UE may not have its geographical information, e.g., when GPS signal is not available. It is agreed that a TX UE can use distance HARQ feedback only when the TX UE’s location is available. However, when the RX UE’s location is not available, the RX UE can keep sending HARQ feedback in groupcast as a default UE behavior.
Proposal 9: If Rx UE location is unknown, the Rx UE always send HARQ feedback in groupcast.
CSI acquisition
[bookmark: _Hlk534989440][bookmark: _GoBack]It has been agreed that only wideband precoding is assumed for PSSCH transmission, which implies that a same precoder is used for a PSSCH transmission for all PRBs schedules for the PSSCH. For the CSI measurement at Rx UE, a wideband precoder should be assumed to align with the transmission scheme.
Without specification, a Rx UE has full freedom to chose transmission scheme for CQI and RI determination which may be changed over time and far off from wideband precoding. In this case, CSI feedback may not provide any information especially when rank adaptation is used.
Therefore, in order to make the CSI feedback useful at the Tx UE, a reference Tx scheme should be defined for CQI and RI calculation. For example, a fixed wideband precoder for each rank could be specified such as [1 1]T for rank-1 and identiy matrix for rank-2.
Proposal 10: a fixed wideband precoder for each rank is specifed for CQI and RI calculation at the Rx UE.
Conclusion
In this contribution, we examine remaining issues of NR V2X sidelink physical layer procedures. Our proposals are as follows:
Proposal 1: A Tx UE is not allowed to enable HARQ feedback when CBR is higher than a threshold.
Proposal 2: 2nd SCI format A is only used for HARQ operation in which HARQ feedback information includes NACK.
Proposal 3: Support Option 2-2 regarding HARQ enable/disable indication: This indication is present in 2nd SCI format B not in 2nd SCI format A.
Proposal 4: 2nd SCI format B includes an explicit bit field to indicate which M_ID to use and whether CSI request is applicable.
Proposal 5: Specify in TS 38.213 UE procedure for monitoring and receiving HARQ-ACK on sidelink including different UE behaviors for unicast (with RLM/RLF), groupcast Option 1 and groupcast Option 2.  
Proposal 6: When priority is the same between Tx and Rx PSFCH in the same slot, additional parameters (e.g., HARQ status, cast type, and HARQ feedback option) is used.
Proposal 7: Support Alt 1: X = max {1, the largest value which doesn’t lead to the power limited case} in selection of actual number of simultanoues PSFCH transmissions (N).  
Proposal 8: When more than N PSFCHs have the same priority, additional parameters (e.g., HARQ status, cast type, PSFCH PRB location and HARQ feedback option) is used to further down-select the PSFCHs to be sent.
Proposal 9: If Rx UE location is unknown, the Rx UE always send HARQ feedback in groupcast.
Proposal 10: a fixed wideband precoder for each rank is specifed for CQI and RI calculation at the Rx UE.
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