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1 [bookmark: _GoBack]Introduction
In this contribution, remaining open issues and corrections to specification for resource allocation Mode-1 of NR V2X communication are presented. Our views on other NR V2X design aspects are summarized in our companion contributions [1]-[3].
2 Remaining Open Issues
2.1 PSCCH/PSSCH preparation time and PSFCH processing time
It was agreed to signal a time offset between DCI and SL transmission. The minimum time offset is subject to UE capability. In our understanding, this preparation time has the same order as Tproc,2 defined for UL. The main difference is in preparation of two physical channels instead of one channel (i.e. PSCCH+PSSCH instead of PSSCH). Since the channels use different encoders and data rates, the preparation time is likely dominated by PSSCH.
Another question is whether a single capability is introduced for SL preparation or two capabilities as in NR UL. Since this preparation time is not involved into other sidelink procedures (sensing, HARQ, etc.), there can be multiple capabilities defined. Therefore, it is proposed to support both capability #1 and capability #2 values for N2 in application to SL. A TP capturing this may look like the one proposed below:
	[bookmark: _Hlk496825264][bookmark: _Hlk496824447][bookmark: _Hlk496824026]If the first sidelink symbol in the PSCCH and PSSCH allocation for a transport block, including the DM-RS, as defined by the slot offset “Time gap” of the scheduling DCI and sidelink starting symbol associated with the resource pool, is no earlier than at symbol , where  is defined as the next sidelink symbol with its CP starting  after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PSSCH, then the UE shall transmit the transport block. 
-	N2 is based on µ of Table 6.4-1, 38.214 and Table 6.4-2, 38.214 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µSL) resulting with the largest , where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PSCCH and PSSCH was transmitted and µSL corresponds to the subcarrier spacing of the sidelink channel with which the PSCCH and PSSCH are to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211].
-	[M – TBD margin to account for PSCCH and PSSCH preparation, 0 if no need]
Otherwise the UE may ignore the scheduling DCI. 
The value of is used both in the case of normal and extended cyclic prefix.



Proposal 1: 
In Mode-1, the PSCCH/PSSCH preparation time is equal to Tproc,2 defined for UL as a function of sub-carrier spacing
Both capabilities (#1 & #2) of the N2 component, are supported for SL
FFS if additional margin M symbols is needed to account for preparation of two physical channels

With regards to PSFCH-to-PSCCH processing/preparation time, while it is not evident whether the values of N should be confirmed or not, the value of X seems not needed, especially in its original intention, i.e. be a function of supported simultaneous PSFCH receptions, since this is a UE implementation variable unknown to gNB.
	Agreements:
· A UE does not expect to be scheduled to transmit the UL report corresponding to a PSFCH reception earlier than Tprep after the end of the PSFCH. 
· This includes the effect of time advance.
· Tprep = (N+X) ∙ (2048+144) ∙ k ∙ 2 –μ ∙ T_c where: 
· Working assumption: N is 14, 18, 28 and 32 corresponds to the SCS configuration μ of 0, 1, 2 and 3, μ = min(μ_SL, μ_UL)
· k = T_s / T_c (parameters as defined in 38.211)
· FFS X (including the possibility of value 0)



Proposal 2: 
In the WA regarding PSFCH-to-PUCCH processing/preparation time, X is set to 0

2.2 Details of SL DCI format size alignment with existing NR Uu DCI
	Agreements:
Existing DCI size budget is maintained when the UE is configured with SL 
(working assumption): The size of the new DCI format and the size of one of the existing NR DCI formats are aligned.



The size matching of SL DCI to Uu DCI in order to maintain the DCI size budget was agreed. There are aspects such as which DCI format in Uu is selected to align size.
In our understanding, the WA needs to be enabled only in case the DCI budget is fully utilized when DCI format 3_0 is configured. If DCI budget is over, there are two cases:
(1) 3_0 is not the largest DCI format. In this case, DCI format 3_0 needs to be zero-padded to the closest format with a larger size.
(2) 3_0 is the largest DCI format. In this case, the other largest format(s) need to be zero-padded to the size of 3_0. Truncation of 3_0 is not preferred, since requires a lot of specification work to limit the scheduling flexibility and functionality in Mode-1.

Proposal 3: 
When DCI format(s) 3_0/3_1 configured and the DCI size budget is fully utilized,
If 3_0/3_1 is smaller than the one of 0_X or 1_X, align the DCI size for DCI format(s) 3_0/3_1 by padding zeros to the closest larger-size format among DCI formats 0_X or 1_X
Else if 3_0/3_1 is larger than any of 0_X or 1_X, align the DCI size(s) of all the largest formats by padding zeros to achieve the size of DCI 3_0/3_1

2.3 On DCI contents for dynamic grant and Type-2 configured grant
Current content in specifications:
	DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH in one cell. 
The following information is transmitted by means of the DCI format 3_0 with CRC scrambled by SL-RNTI or SL-CS-RNTI:
-	Time gap – [x] bits determined by higher layer parameter sl-DCI-ToSL-Trans, as defined in clause 8.1.2.1 of [6, TS 38.214]
-	HARQ process ID – [x] bits as defined in clause 16.4 of [5, TS 38.213]
-	New data indicator – 1 bit as defined in clause 16.4 of [5, TS 38.213]
-	Lowest index of the subchannel allocation to the initial transmission – bits as defined in clause 8.1.2.2 of [6, TS 38.214]
-	SCI format 1-A fields according to clause 8.3.1.1:
-	Frequency resource assignment.
-	Time resource assignment.
-	PSFCH-to-HARQ feedback timing indicator – 3 bits as defined in clause 16.5 of [5, TS 38.213].
-	PUCCH resource indicator – 3 bits as defined in clause 16.5 of [5, TS 38.213].
-	Configuration index – 0 bit if the UE is not configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI; otherwise [x] bits as defined in clause x.x.x of [6, TS 38.214]. If the UE is configured to monitor DCI format 3_0 with CRC scrambled by SL-CS-RNTI, this field is reserved for DCI format 3_0 with CRC scrambled by SL-RNTI. 
-	Counter sidelink assignment index – [1 or 2] bits
-	2 bits as defined in clause 15.x of [5, TS 38.213] if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic
-	[1 or 2] bits as defined in clause 15.x of [5, TS 38.213] if the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static
If the UE is configured to monitor DCI format 3_1 and the number of information bits in DCI format 3_0 is less than the payload of DCI format 3_1, zeros shall be appended to DCI format 3_0 until the payload size equals that of DCI format 3_1.


Size of already agreed fields:
Time gap – 16 values (4 bit) are considered enough. The range of values should cover minimum PSCCH/PSSCH preparation time, and maximum reasonable gap between DL and upcoming UL/SL slot.
HARQ ID – 16 processes, as in UL Uu, is enough, resulting in 4 bit.
Configuration index – actual number of configurations for Type 2 CG SL can be used. The maximum number of configurations is 8.
Fields present in SCI:
None of other fields currently present in SCI are required to be controlled by DCI. These fields are assumed to be set by a UE, with help of semi-static signalling from gNB.
Additional fields:
N/A

Proposal 4: 
For the content of DCI format 3_0 scrambled by SL-RNTI and SL-CS-RNTI
HARQ process ID is 4 bits
Timing offset is 4 bits

For configured grant Type 2, it needs to be discussed and agreed how activation, release, and retransmission grant are distinguished.
First, activation/release and dynamic grant can be distinguished by value of NDI, as it is done in LTE/NR Uu. In this case, NDI = 0 is treated as activation/release and NDI = 1 is treated as ReTX grant.
Further, in order to distinguish activation and release, the following options are considered:
Option A - an invalid state of one or multiple fields may be used. At this stage, there is no obvious candidate field which has an invalid state. However, there are combinations of different fields states which can be invalid or not useful:
· If there are more than one sub-channel configured in a system, then there are multiple ways to compose infeasible combinations: unused combinations of time and frequency indication can be used. For example, time indication can signal single resource, but frequency indication can point to at least two different resources. Alternatively, the separate frequency offset for the first resource can be set to the maximum or all ‘1’ and the size of frequency allocation can be set > 1, that leads to infeasible combination.
· Note, it is not possible for the case of single configured sub-channel, and thus this case requires separate handling. In this case, the only possibility is to utilize unused codepoints of time indication for the case of Nmax = 3, or for the case of Nmax = 2, utilize special codepoints of time offset for the first resource, if any.
Option B - different state of a field unused in case of SL-CS-RNTI. Although the HARQ ID is utilized for the ReTX case, it is not used for activation and release case, and thus can be utilized for this purpose.
Option C - a new 1-bit flag to distinguish activation and release. Given that there is already a field unused in activation/release, as discussed in Option B, introduction of a new flag is unjustified.
It seems that option B is more attractive at this point. In case of release, additional fields such as time and frequency resources assignment can be set to default value in order to minimize positive FAR. In order to realize it, the following table is proposed:
	
	Activation 
	Release

	HARQ process number
	set to '0000'
	set to ‘1111’

	Frequency offset
	
	set to all ‘1’

	Time offset
	
	set to all ‘1’

	Frequency resource indication
	
	set to all ‘1’

	Time resource indication
	
	set to all ‘1’



Proposal 5: 
For the content of DCI format 3_0 scrambled by SL-CS-RNTI,
Configuration index is up to 3 bits

Proposal 6: 
For DCI format 3_0 scrambled by SL-CS-RNTI,
Activation and release have NDI flag set to 0
For activation
HARQ ID is set to all ‘0’
For release
HARQ ID is set to all ‘1’
Frequency offset is set to all ‘1’
Time offset is to set to all ‘1’
Frequency resource indication is set to all ‘1’
Time resource indication is set to all ‘1’

2.4 Multiplexing of multiple SL HARQ-ACKs in a PUCCH resource
It was agreed that PUCCH resource is indicated in DCI or RRC depending on type of scheduling. The remaining aspects include how codebook is constructed.
Since multiplexing of Uu UCI and SL HARQ-ACK is not agreed, as such SL HARQ-ACK codebook construction can fully reuse Uu procedures with simplifications, which can be made due to not supporting CA, CBG, and multiple TBs.
Furthermore, due to unsupported multiplexing of Uu UCI and SL HARQ-ACK, potential collisions between them may need to be handled. There are several options:
· Scheduling restriction: a UE is not expected to be scheduled with Uu UCI and SL UCI in the same PUCCH resource. This restriction could substantially limit the scheduling flexibility, and thus should not be pursued.
· Unconditional dropping: Either Uu UCI or SL UCI is always dropped. This is also quite inflexible.
· Priority based dropping: In this approach, priority of Uu UCI and SL UCI is considered. This seems the most flexible approach. Similar framework is being finalized in Rel.16 eURLLC, where UCI of different priorities are considered. Note, that prioritization should be known to gNB in advance, thus usage of SL priority value which can be known only to a UE, is not desirable. For this purpose, it is better to separately configure whether SL or Uu UCI is dropped. This can be also made specific to Uu UCI priority which can be different in Rel.16 (i.e. “high” or “regular”).

Proposal 7: 
Semi-static configuration per Uu priority level (“regular” or “high”) is used to control whether Uu UCI is prioritized over SL UCI

When a gNB schedules more than one resource, a UE should assume the second and potentially the third resource are allocated for the same TB. 
In our understanding, there is no need for multiple PUCCH resources. The single PUCCH resource can be allocated based on the indicated timing value and can accumulate the HARQ-ACK state available in this time instance, i.e. can report the result of all prior retransmissions. In typical case, the single PUCCH can be placed after all the scheduled resources.
An optimization could be to provide multiple resources after each scheduled PSSCH, however this case has less justification considering gNB can simply schedule one resource and wait for the feedback to allocate more resources.

Proposal 8: 
There is single PUCCH resource associated with single dynamic grant regardless of number of reserved sidelink resources

2.5 Remaining details of UE behaviour in reporting SL HARQ-ACK

Most of the issues of UE behaviour for HARQ-ACK reporting were resolved. There is one open aspect:
Reporting of 1 bit of information in case of reaching maximum number of HARQ re-transmissions for a TB 

It was discussed but no consensus was reached, due to different factors. Our preference is still to report the actual state, since it works and is accurate on its own. 

Proposal 9: 
For reporting of 1 bit of information in case of reaching the maximum number of HARQ re-transmissions for a TB
The actual state of TB delivery (successful - ACK, unsuccessful - NACK) is reported


2.6 Configured grant

In our understanding, it is natural to follow Rel.15 LTE behaviour and instruct the UE to set the period value in SCI according to the configured grant period. It provides a minimum mechanism for Mode 1 and Mode 2 co-existence, although not optimized with the full-blown candidate set reporting etc. In the same time, there are a few issues:
· The configured grant period can be different from any of the configured for Mode 2
· The SCI for mode 2 may not contain the periodicity field, if the mode 2 resource pool is not configured with the periodicity set

In order to avoid these issues, the set of periods should be also associated with Mode 1 scheduling, and there should be matching between SCI signalling field and the set of periods for Mode 1. Currently only Mode 2 is configured with a set of periods, and it needs to be ensured that the resource pool for Mode 1 scheduling is configured with the proper set of periods.

Proposal 10: 
For configured grant, the UE follows the LTE behaviour and sets the reservation period in SCI that corresponds to the CG periodicity
Mode 1 resource pool is expected to be configured with a set of up to 16 periods to be indicated via SCI

Regarding the remaining details of slot determination for CG type-1, there are two questions:
· Frame indexing, i.e. SFN or virtual frame number
· Logical vs physical slots
A proper design direction here would be to align with Mode-2 operation in case there is sharing of the resources. I.e. a UE receiving SCI would interpret periodicity same way for both Mode-1 and Mode-2. In that sense, the periodicity for the formula needs to be calculated same way as for Mode-2, i.e. closest logical slot within a resource pool corresponding to the periodicity in ms.
Due to possibility of asynchronous carriers between DL and SL, the only way to let gNB understand when a UE can transmit on SL, is to tie it to DL timing. In that sense, SFN is preferred for frame indexing.

Proposal 11: 
For configured grant type 1 and type 2, slot determination within a resource pool for a given periodicity is reused from Mode-2 periodic reservation approach 
SFN is the reference frame indexing for configured grant type 1

Furthermore, RAN1 received a RAN2 LS [R1-2003256], with the following question related to SL configured grant:
	1. RAN2 has reached the agreement that 
· “Keep the parameters sl-NrOfHARQ-Processes-r16 and sl-HARQ-ProcID-offset-r16 in TS 38.331. Remove directly the related Editor’s Note in SL-ConfiguredGrantConfig. How the two parameters are used is further discussed in MAC”. 
[bookmark: OLE_LINK1]RAN2 would like to enquire RAN1 whether the IIoT equation for HARQ process ID calculation, in case of multiple configured uplink grants with harq-procID-offset, can be used for NR SL configured grants:	
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset
RAN2 has not made any agreement and has no preference on how to calculate the HARQ process ID and how to interpret the parameters i.e. CURRENT_symbol and periodicity in the equation for NR SL.


In our understanding, this equation is the right direction, however the issue of logical slot indexing needs to be carefully considered. It is better to align with the outcome of the discussion on slot determination and compose an equation which provides same HARQ ID for slots within a period, with modulo operation over the number of configured HARQ processes, plus a configuration specific ID offset.

Proposal 12: 
HARQ ID determination formula provides same HARQ ID for slots within a configured grant period, with modulo operation over the number of configured HARQ processes, plus a configuration specific ID offset

3 Conclusions
In this contribution, we provided our views on main remaining issues of resource allocation Mode-1 for NR-V2X sidelink communication. Based on discussions, we have following proposals:

Proposal 1: 
In Mode-1, the PSCCH/PSSCH preparation time is equal to Tproc,2 defined for UL as a function of sub-carrier spacing
Both capabilities (#1 & #2) of the N2 component, are supported for SL
FFS if additional margin M symbols is needed to account for preparation of two physical channels
Proposal 2: 
In the WA regarding PSFCH-to-PUCCH processing/preparation time, X is set to 0
Proposal 3: 
When DCI format(s) 3_0/3_1 configured and the DCI size budget is fully utilized,
If 3_0/3_1 is smaller than the one of 0_X or 1_X, align the DCI size for DCI format(s) 3_0/3_1 by padding zeros to the closest larger-size format among DCI formats 0_X or 1_X
Else if 3_0/3_1 is larger than any of 0_X or 1_X, align the DCI size(s) of all the largest formats by padding zeros to achieve the size of DCI 3_0/3_1
Proposal 4: 
For the content of DCI format 3_0 scrambled by SL-RNTI and SL-CS-RNTI
HARQ process ID is 4 bits
Timing offset is 4 bits
Proposal 5: 
For the content of DCI format 3_0 scrambled by SL-CS-RNTI,
Configuration index is up to 3 bits
Proposal 6: 
For DCI format 3_0 scrambled by SL-CS-RNTI,
Activation and release have NDI flag set to 0
For activation
HARQ ID is set to all ‘0’
For release
HARQ ID is set to all ‘1’
Frequency offset is set to all ‘1’
Time offset is to set to all ‘1’
Frequency resource indication is set to all ‘1’
Time resource indication is set to all ‘1’
Proposal 7: 
Semi-static configuration per Uu priority level (“regular” or “high”) is used to control whether Uu UCI is prioritized over SL UCI
Proposal 8: 
There is single PUCCH resource associated with single dynamic grant regardless of number of reserved sidelink resources
Proposal 9: 
For reporting of 1 bit of information in case of reaching the maximum number of HARQ re-transmissions for a TB
The actual state of TB delivery (successful - ACK, unsuccessful - NACK) is reported
Proposal 10: 
For configured grant, the UE follows the LTE behaviour and sets the reservation period in SCI that corresponds to the CG periodicity
Mode 1 resource pool is expected to be configured with a set of up to 16 periods to be indicated via SCI
Proposal 11: 
For configured grant type 1 and type 2, slot determination within a resource pool for a given periodicity is reused from Mode-2 periodic reservation approach 
SFN is the reference frame indexing for configured grant type 1
Proposal 12: 
HARQ ID determination formula provides same HARQ ID for slots within a configured grant period, with modulo operation over the number of configured HARQ processes, plus a configuration specific ID offset
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