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1 Introduction
In this contribution, remaining open issues and correction to specification related to sidelink procedures for NR V2X communication are presented. Our views on other NR V2X design aspects are summarized in our companion contributions [1]-[5].
2 List of Open Issues
2.1 UL and SL prioritization of different carriers
The mechanism of prioritization between sidelink and uplink transmission can be reused from LTE, which is deemed sufficiently flexible. The LTE mechanism assumed configuration of a priority level threshold, which indicates which sidelink priority is higher than UL general priority. Note, that due to support of different service types in NR, it may not be enough to introduce single priority level. Currently, Rel.16 introduced notion of “high priority” and “regular priority” UL control/shared channel transmissions.
RAN2 sent LS [R2-1916468 (R1-2000013)], which seems indicate that at least prioritization of channels containing SCH is sufficiently handled in MAC layer. However, other physical channels may require RAN1 attention and work.
Another issue is SL SSB prioritization which does not have an associated higher layer packet, and thus QoS parameters. For this case, a priority can be (pre-)configured. There are two potential options:
· Opt 1. The priority is the same as used for LTE/NR co-existence. This can cover most of the cases.
· Opt 2. A separate priority may be configured.

Proposal 1: 
For prioritization of UL and SL, the SL priority to compare with a threshold for a physical channel is the following:
SL-SSB: (pre-)configured value, same as in framework of in-device co-existence
PSCCH/PSSCH: priority carried in SCI
PSFCH: same as for associated PSSCH carried in associated SCI

2.2 PSFCH candidate resource determination

PSFCH candidate frequency resources
There is a pending issue on whether/how to handle the case when number of PSFCH frequency resources configured is not integer multiple of . It is understood, that a more efficient approach is to utilize the resources unused during current agreements (current agreement is illustrated in Figure 1, (a)). In order to fix this issue, additional size of number of PSFCH resources in a slot can be introduced, i.e. instead of single , two values and may be used, where the second value may be less than the first value by at most 1 PRB in case of non-integer multiple of  (as illustrated in Figure 1, (b)).


[bookmark: _Ref31543719]Figure 1. Illustration of (a) unused PSFCH PRBs if number of PSFCH resources is not multiple of number of sub-channels by PSFCH periodicity, and (b) modified mapping to use all PSFCH PRBs

The following modification based on above considerations is proposed:
	Modified version for 38.213, section 16.3
A UE is provided, by rbSetPSFCH, a set of  PRBs in a resource pool for PSFCH transmission in a PRB of the resource pool. For a number of  sub-channels for the resource pool, provided by numSubchannel, and a number of  PSSCH slots associated with a PSFCH slot, provided by periodPSFCHresource, the UE allocates  PRBs calculated as the 

PRBs from the  PRBs to slot   and sub-channel , where
,
,
,
, , and the allocation starts in an ascending order of  and continues in an ascending order of .



Proposal 2: 
In order to handle the case when  is not multiple of , modify the procedure in 38.213 as follows:
	A UE is provided, by rbSetPSFCH, a set of  PRBs in a resource pool for PSFCH transmission in a PRB of the resource pool. For a number of  sub-channels for the resource pool, provided by numSubchannel, and a number of  PSSCH slots associated with a PSFCH slot, provided by periodPSFCHresource, the UE allocates  PRBs calculated as the

PRBs from the  PRBs to slot   and sub-channel , where
,
,
,
, , and the allocation starts in an ascending order of  and continues in an ascending order of .



Sub-channel(s) associated with PSFCH resources
Whether the candidate PSFCH resource is the set of PRBs associated with only starting sub-channel index or all other indexes is an open issue. In our understanding, association to one sub-channel index is appropriate. However, it could be both the starting sub-channel index and the ending sub-channel index. This is needed in order to reduce collision probability due to unequal utilization of sub-channels with lower indexes.
Furthermore, current specification mis-implemented the agreements by erroneously associating Option 1 and 2 of groupcast feedback option, with Option 1 and 2 for sub-channels associated with PSFCH resources. In order to fix this, the following needs to be changed:

	A UE determines a number of PSFCH resources available for multiplexing HARQ-ACK information in a PSFCH transmission as  where  is a number of cyclic shift pairs for the resource pool and, based on an indication by higher layers,
-	 and the  PRBs are in one sub-channel 
-	 and the  are located in one or more sub-channels from the  sub-channels
The UE applies one cyclic shift from a cyclic shift pair to a sequence used for the PSFCH transmission [4, TS 38.211]. The PSFCH resources are first indexed according to an ascending order of the PRB index, from the  PRBs, and then according to an ascending order of the cyclic shift pair index from the  cyclic shift pairs.  



Proposal 3: 
For PSFCH resource determination, one sub-channel index containing PSCCH requesting feedback is used
 variable should be deleted from current specification regardless of agreed option of sub-channel index(es) for PSFCH resource determination

Cyclic shift assignment
Another open issue is how to distribute cyclic shifts between UEs in a group. There may be Y = {1, 2, 3, 4, 6} cyclic shifts. The main principle in selecting the cyclic shift order would be to maximize the shift value between any number of multiplexed UEs, and, to minimize NACK-to-ACK confusion. In Table 1, mapping of shift values to indexes for different Y is proposed following these guidelines.

[bookmark: _Ref32573650]Table 1. Cyclic shift indexing order within a PRB
	Y
	Index
	mACK
	mNACK

	1
	0
	0
	(mACK + 6) mod 12

	2
	0
	0
	

	
	1
	3
	

	3
	0
	0
	

	
	1
	4
	

	
	2
	8
	

	4
	0
	0
	

	
	1
	3
	

	
	2
	7
	

	
	3
	10
	

	6
	0
	0
	

	
	1
	4
	

	
	2
	8
	

	
	3
	1
	

	
	4
	5
	

	
	5
	9
	



Proposal 4: 
The following cyclic shift value order is used for PSFCH sequence assignment
mNACK = (mACK + 6) mod 12
Y = 1: mACK = 0
Y = 2: mACK = 0, 3
Y = 3: mACK = 0, 4, 8
Y = 4: mACK = 0, 3, 7, 10
Y = 6: mACK = 0, 4, 8, 1, 5, 9

2.3 Groupcast Option 2 – group size restriction
The issue of insufficient PSFCH resources for connection-oriented group communication may be solved/sustained by the following options:
· Alt 1: Allow resource overlap for UEs, i.e. reutilize PSFCH resources more than once in a group
· Alt 2: Fallback to NACK-only mode
· Alt 3: Fallback to blind ReTX mode

Allowing resource overlap as in Alt 1 may work more efficiently than other two modes if resource reutilization is not high, since more information is provided to the data source than in other two cases.
Alt 2, i.e. fallback to NACK-only operation may not work in all cases (e.g. when half-duplex collision dominates), thus considering only such option is not desirable, w/o improving how NACK-only procedures are applied (e.g. introduce minimum number of retransmissions).
Alt 3 can work at expense of higher spectrum consumption/congestion.
Given that all options have their pros and cons, agreeing on one solution may not be appropriate. It is therefore proposed to either leave up to UE to handle, or to restrict such operation, i.e. that UE is not expected to be activated with Option 2 / ACK-NACK feedback, PSFCH resource configuration, and group size leading to PSFCH resource re-utilization.

Proposal 5: 
Specific procedures handling the case when a group size exceeds the number of PSFCH resources are not introduced
A UE can utilize Option 2 or Option 1 or blind feedback option based on implementation

2.4 Calculation of distance based on zones
Distance calculation needs to be agreed since there are different ways which may result in different calculated distance. In order to avoid different calculations, the following considerations should be discussed:
[bookmark: _Hlk31201392]A UE which calculates distance, uses its actual coordinates, not adding zone ID partitioning uncertainty to the RX UE coordinates
A UE which calculates distance, takes the indicated zone ID and estimates a set of distances to all four closest zone images with the same zone ID (see in Figure 2)
· To calculate distance to a zone, the closest zone point relative to the RX UE coordinates is taken
A UE finds the shortest distance among the distances to zones with the same zone ID

If the above requirements are common to all UEs, the distance calculation process can be unified.


[bookmark: _Ref32574238]Figure 2. Illustration of distance calculation based on zone ID: 16 unique zones, zone ID = 5 is indicated.

Proposal 6: 
For distance calculation based on received zone ID in SCI
A UE is expected to calculate the distance between its own estimated coordinate and a point in a zone with the indicated zone ID resulting in a shortest possible distance

2.5 Details on length/width of each geographic zone and number of zones configured with respect to longitude/latitude
TX UE location was agreed to be signaled using zone ID concept. Unlike in LTE, where zoning was used for resource pool selection and spatial reuse, here zone ID is for the sake of distance calculation, thus the finer granularity is expected.
Although LTE implemented independently configurable granularities for longitude and latitude components, there is no such a need for the purpose of distance-based filtering. Optimizations for an ideal model of straight roads may be argued, however in a real situation those may introduce inaccuracies rather than signaling optimization. Thus, square zones may be assumed.
	LS R1-1913694:
· Zone ID
· RAN1 agreed that [12] bits are used for Zone ID. 
· Resource reservation period
· A set of possible period values is the following: 0, [1:99], 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000 ms
· <= 4 bits are used in SCI to indicate a period
· An actual set of values is (pre-)configured
· Communication range requirement
· At least 4 bits are used
· Candidates at least include {50, 80, 180, 200, 350, 400, 500, 700, 1000} meters
· Indication of the use of HARQ feedback


The main objective in designing zone ID signaling is to achieve separation distance which minimizes zone ID ambiguity at expense of reasonable SCI overhead. Furthermore, the communication range is not related to zone ID partitioning problem, since different communication ranges are subject to the same zone ID ambiguity problem.

Table 2. NR V2X coverage distance analysis
	NLOSv Case
	SNR, dB
	Distance, m

	LOS/Case 1
	-10
	> 5000

	Case 2
	-10
	3157

	Case 3
	-10
	4108

	LOS/Case 1
	0
	> 5000

	Case 2
	0
	1636

	Case 3
	0
	2128

	LOS/Case 1
	10
	3340

	Case 2
	10
	847

	Case 3
	10
	1102
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Figure 3. SNR vs distance for different LOS conditions, 10 PRB, 30 kHz SCS, 
According to the analysis, control channel coverage may achieve > 5 km for Case 1, and 2-4 km for Cases 2&3, considering the low SE physical formats available in NR V2X which can go well below 0 dB SNR. Considering also the longest cyclic prefix can cover ~1.4 km, and better protection of PSCCH with QPSK modulation from ICI/ISI, distance in order of 3 km should at least be considered. Therefore, zone ID isolation range should exceed at least 3000 meters. In order to achieve this, it is proposed to include 50 x 50 m zone size with 64 x 64 unique zones setting into specification, which makes possible 3200 m isolation range.


Zone ID isolation range (zone length x zone ID mod) should not depend on communication range requirement
Zone ID isolation range of at least 3 km is needed to reduce zone ID ambiguity problem for HARQ feedback filtering

Proposal 7: 
The following zone ID calculation parameters are fixed in specification:
W = L = 50 m
NX = NY = 64

2.6 PSCCH transmission power

Currently the power control section is empty in 38.213 for PSCCH. If power boosting for PSCCH is not supported, the PSD for PSSCH and PSCCH is the same. In terms of specification, it is better to define a single section and single equation for total PSCCH+PSSCH transmission power, thus not calculating PSSCH and PSCCH power contributions separately.

Proposal 8: 
Generalize current description of PSSCH power control so that it defines total PSCCH+PSSCH transmit power

2.7 Reference PSSCH DMRS power for PL calculation

In order to calculate SL pathloss for the purpose of open loop power control, the transmitter needs to subtract the RSRP from the reference transmit power. The transmit power needs to be the one used for transmission during RSRP estimation and filtering at the receiving UE.
In general, there are the following alternatives:
Alt 1. Use the most recent TX power applied for a given communication link
Alt 2. Use a filtered TX power applied for a given communication link
· Same filter is used as for RSRP at the receiver side

Note, that the whole idea of RSRP measurement and filtering at the UE side assumes invariant TX power during RSRP measurement. In that sense, if this assumption is followed, there is no difference in the results provided by Alt 1 and Alt 2 calculations. Since Alt 1 is simpler, it can be adopted.

Proposal 9: 
The most recent TX power applied for a given communication link is used to calculate SL pathloss on this link

2.8 2nd stage SCI format for Option 1 and Option 2
It is not yet decided how groupcast O1 and groupcast O2 are distinguished in SCI signaling. In general, there are the following options:
· Option 1: A flag in 2nd stage SCI to distinguish O1 and O2. In this case, same 2nd stage format is utilized for both groupcast feedback options.
· Option 2: Different formats are used (format is indicated in 1st stage SCI), signaling whether O1 or O2 is used. This option can reduce 2nd stage SCI format for O2 which does not require zone ID and communication range signaling (12 bit + 4-5 bit).
· Option 3: A mix of Option 1 and Option 2, i.e. different formats can be used, and if a format containing zone ID and communication range is indicated, a flag in 2nd stage also switches between O2 and O1.

Definitely, SCI overhead saving offered by option 2 and option 3 above is attractive, thus option 1 should not be prioritized. In our understanding, option 3 provides full flexibility in operation and allows forward compatible usage of zone ID and/or communication range in cases other than connection-less groupcast.

Table 3. Feedback mode depending on 2nd stage SCI format and NACK-only flag
	
	NACK-only flag:
true/1
	NACK-only flag:
false/0

	2nd stage SCI format:
distance enabled
	Distance-based NACK-only
	(Distance tolerant) ACK/NACK

	2nd stage SCI format:
distance disabled
	Distance tolerant NACK-only
	(Distance tolerant) ACK/NACK




Proposal 10: 
Support the following signalling and associated feedback mode:
A 2nd stage SCI format associated with enabled zone ID and communication range signalling and a flag inside this SCI format switching between (1) Distance-based NACK-only, and (2) Distance tolerant ACK/NACK
A 2nd stage SCI format associated with disabled zone ID and communication range signalling and a flag inside this SCI format switching between (1) Distance tolerant NACK-only, and (2) Distance tolerant ACK/NACK

2.9 Out-of-order/in-order HARQ operation & mix of blind and FB-based ReTX
It was agreed, that SCI carries HARQ feedback request flag. That essentially allows a mix of blind and feedback-based retransmissions for one TB.

Proposal 11: 
For HARQ feedback, when PSFCH resource is (pre-)configured in the resource pool,
A mix of blind and feedback-based retransmissions is supported and is up to UE implementation, subject to the total count of maximum number of (re-)transmissions and in-order HARQ operation

In that case, it is important to clarify the following aspects:
PSSCH resource being acknowledged
· PSFCH is to be sent in response to PSSCH which is scheduled by SCI carrying the feedback request, and not the PSSCH being reserved in future.
In-order or out-of-order operation
· In Uu, it is not allowed to schedule a retransmission for a TB before the feedback for the same TB due to UE implementation complications as well as HARQ procedure complications. The same principle should be applied in SL.
· The important difference arising with dynamic HARQ feedback on/off, is a careful consideration when the out-of-order HARQ restriction should be applied or not. The following scenarios are considered:
· B2B (blind-to-blind). In this case, no OO HARQ restriction is needed.
· B2F (blind-to-feedback). In this case, also no OO HARQ restriction is needed. In the same time, this mode of operation is not justified and may be restricted.
· F2F (feedback-to-feedback). The OO HARQ restriction is required for typical UE implementation assumption and for reasonable specification complexity in this case.
· F2B (feedback-to-blind). The OO HARQ restriction is required for typical UE implementation assumption and for reasonable specification complexity in this case.

Proposal 12: 
PSFCH is sent in response to PSSCH which is scheduled by the SCI carrying the feedback request, and not the PSSCH being reserved by this SCI

Proposal 13: 
For HARQ feedback, when PSFCH resource is (pre-)configured in the resource pool,
From RX UE perspective (implying TX UE behaviour)
A UE is not expected to receive an SCI scheduling a TB before the moment of transmission/generation of requested HARQ feedback for the same TB by a prior SCI
From TX UE perspective
A UE is not expected to transmit SCI scheduling a TB before the moment of transmission/generation of requested HARQ feedback for the same TB by a prior SCI

3 Conclusions
In this contribution, we provided views on remaining open issues and necessary corrections to sidelink procedures for NR V2X. Based on analysis the following proposals are made:

Proposal 1: 
For prioritization of UL and SL, the SL priority to compare with a threshold for a physical channel is the following:
SL-SSB: (pre-)configured value, same as in framework of in-device co-existence
PSCCH/PSSCH: priority carried in SCI
PSFCH: same as for associated PSSCH carried in associated SCI

Proposal 2: 
In order to handle the case when  is not multiple of , modify the procedure in 38.213 as follows (please refer to text proposal provided in contribution)

Proposal 3: 
For PSFCH resource determination, one sub-channel index containing PSCCH requesting feedback is used
 variable should be deleted from current specification regardless of agreed option of sub-channel index(es) for PSFCH resource determination

Proposal 4: 
The following cyclic shift value order is used for PSFCH sequence assignment
mNACK = (mACK + 6) mod 12
Y = 1: mACK = 0
Y = 2: mACK = 0, 3
Y = 3: mACK = 0, 4, 8
Y = 4: mACK = 0, 3, 7, 10
Y = 6: mACK = 0, 4, 8, 1, 5, 9

Proposal 5: 
Specific procedures handling the case when a group size exceeds the number of PSFCH resources are not introduced
A UE can utilize Option 2 or Option 1 or blind feedback option based on implementation

Proposal 6: 
For distance calculation based on received zone ID in SCI
A UE is expected to calculate the distance between its own estimated coordinate and a point in a zone with the indicated zone ID resulting in a shortest possible distance

Proposal 7: 
The following zone ID calculation parameters are fixed in specification:
W = L = 50 m
NX = NY = 64

Proposal 8: 
Generalize current description of PSSCH power control so that it defines total PSCCH+PSSCH transmit power

Proposal 9: 
The most recent TX power applied for a given communication link is used to calculate SL pathloss on this link

Proposal 10: 
Support the following signalling and associated feedback mode:
A 2nd stage SCI format associated with enabled zone ID and communication range signalling and a flag inside this SCI format switching between (1) Distance-based NACK-only, and (2) Distance tolerant ACK/NACK
A 2nd stage SCI format associated with disabled zone ID and communication range signalling and a flag inside this SCI format switching between (1) Distance tolerant NACK-only, and (2) Distance tolerant ACK/NACK

Proposal 11: 
For HARQ feedback, when PSFCH resource is (pre-)configured in the resource pool,
A mix of blind and feedback-based retransmissions is supported and is up to UE implementation, subject to the total count of maximum number of (re-)transmissions and in-order HARQ operation

Proposal 12: 
PSFCH is sent in response to PSSCH which is scheduled by the SCI carrying the feedback request, and not the PSSCH being reserved by this SCI

Proposal 13: 
For HARQ feedback, when PSFCH resource is (pre-)configured in the resource pool,
From RX UE perspective (implying TX UE behaviour)
A UE is not expected to receive an SCI scheduling a TB before the moment of transmission/generation of requested HARQ feedback for the same TB by a prior SCI
From TX UE perspective
A UE is not expected to transmit SCI scheduling a TB before the moment of transmission/generation of requested HARQ feedback for the same TB by a prior SCI
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