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1 Introduction
This contribution is a part of Rel.16 maintenance work, where we continue discussion on remaining issues in Mode-2 sidelink resource allocation. Our views on other technical opens of NR V2X design aspects are summarized in our companion contributions [1]-[3].
2 List of Open Issues
2.1 Processing Time Values
For the sake of progress, it is proposed to follow LTE approach as much as possible and simplify discussion on processing time. It is proposed to define all processing time values in slots and do not differentiate Tproc,1 and T3. 


[bookmark: _Ref24116939]Figure 1: Timing relationship T3, Tproc,0 and Tproc,1



Define Tproc,0, Tproc,1, and T3 as in the table below
· Tproc,0 = 1 slot
· Tproc,1 = T3 measured in slots and defined by the following table below

	SCS, kHz
	Tproc,0, slots
	Tproc,1, slots
	T3, slots

	15
	Tproc,0 is not specified
Sensing window [n –T0, n – Tproc,0) is replaced by sensing window 
[n –T0, n – 1] (same as in LTE)
	3
	3

	30
	
	3
	3

	60
	
	4
	4

	120
	
	5
	5



As for the HARQ RTT related minimum gap Z, the maximum value of ‘b’ may need to be defined as well, otherwise it opens the possibility of too relaxed implementation resulting in unreasonably large time gaps between retransmissions.
The core part of the value ‘b’ is composed from PSFCH processing time, while the sidelink retransmission preparation time can be minimized if performed in look-ahead manner before receiving PSFCH. The similar value has been introduced in Mode-1 operation for feedback forwarding and therefore these numbers can be aligned. The PSFCH-to-PUCCH processing/preparation time has been agreed as follows:
	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)


It is proposed to reuse same value of Tprep under assumption of μ_SL = μ_UL, and add Y value, if required to account for differences in PUCCH preparation and PSCCH/PSSCH preparation.


In the minimum time gap Z = a + b for the case of HARQ RTT aware resource selection, the value of the component ‘b’ is not larger than
· Tproc.2 = Tprep + Y where: 
· Tprep is the PSFCH-to-PUCCH preparation time with assumption of μ_UL = μ_SL
· Y = 7 symbols

2.2 Re-evaluation
The only critical issue left in re-evaluation is how to deal with the cases of re-selecting resources which are not in the candidate resource set, that need to meet timing restrictions (HARQ RTT min gap and HARQ ReTX reservation max gap) with already reserved resources.
In general, for the exceptional cases where there is no suitable resource, there are several alternatives:
Violate the timing restriction
· The minimum gap HARQ RTT restriction should not be violated since it can cause undefined UE behavior and out-of-order HARQ operation. If it is not possible, then the HARQ feedback request in the first of these resources has to be set to “no feedback” so that out-of-order HARQ situation does not appear.
· The maximum gap for HARQ ReTX reservation can be violated in exceptional cases and cause performance degradation.
Don’t change the resource although it is not in the new identified candidate set
· In general, this option is not preferred since allows to stay on a resource considered occupied.
Trigger reselection and change window parameters
· The situation with resources being unavailable can be changed if the window size parameters are changed. However, positive result is not guaranteed even after several attempts, and therefore hard to be adopted.


In case if no resource can be found for reservation based on the identified candidate set after Step 1 for a retransmission of a TB, the re-transmission can be transmitted on a resource that is not reserved
In case if no resource can be found satisfying HARQ RTT minimum gap restriction with the already reserved resource, the resource violating the minimum gap is selected, and the feedback request in the first resource is set to “no feedback”
Confirm “shall” behaviour for the agreement on HARQ retransmission reservation from RAN1#100bis-e

As for the re-evaluation of already reserved resources in other periods in case of periodic reservation, in our understanding there is no justification and expected performance improvement. In case the re-evaluation can change all the reserved resources, it will cause overbooking effects. In case the re-evaluation can change only resources within a given period, it can be handled by the pre-emption mechanism.


Do not support re-evaluation of already reserved resources in upcoming periods

2.3 Preemption
For pre-emption, there are similar questions as for re-evaluation: further details of handling of timing restrictions, and relation to periodic reservations. Moreover, for pre-emption the time instances for triggering pre-emption checking are not yet settled.
Dealing with timing restrictions is proposed to be the same as re-evaluation.
As for periodic reservations, it needs to be carefully considered when/how to change resources. A common principle should be not to change resources as much as possible, since it can lead to undesirable overbookings. In that sense, it is reasonable to limit the pre-emption operation to aperiodic/dynamic reservation cases. More specifically, from perspective of the UE doing pre-emption checking, only resources in each period can be re-selected. In the same time, it is not expected that the UE applies periodic reservation to reselected resources.


For pre-emption in application to periodic reservations, down-select from
· Option 1: A UE is not expected to be configured with pre-emption enabled and periodic reservations enabled in the same resource pool
· Option 2: A UE checks pre-emption condition for the resources in current reservation period, and is not expected to reserve more periodic resources after reselection triggered by pre-emption

As for the time instance of pre-emption checking, it is natural to align with re-evaluation and mandate a UE to do it at least in the last chance moment ‘m-T3’, while more frequent checks can be performed by UE implementation.


For a reserved resource to be signalled in slot ‘m’, the procedure to check whether it should be re-selected due to pre-emption, is performed at least at the moment ‘m-T3’
· Checks before the moment ‘m-T3’ or after ‘m-T3’ but before ‘m’ are not precluded and are up to UE implementation

2.4 Nselected and Number of Candidate Resources for Selection
One of the open questions is how many resources UE can select per single resource selection iteration. In our view number of resources to be selected in each resource selection window should be left up to UE implementation including consideration on the size of resource selection window. This will allow look ahead resource selection with re-evaluation of selected candidate resources, not precluding single resource selection at a time.
One note is that a UE should at least select the number of resources that can be signaled in one SCI, i.e. min(M, Nmax).
Finally, there is no expected exception to this behavior, and thus “shall” needs to be selected to finalize the agreement.


In a single iteration of resource (re)-selection/(re)-evaluation, UE can select up to N resources for sidelink transmission, where min(M, NMAX) ≤ N ≤ M, here M is number of remaining transmissions intended by UE
· The actual number N applied by UE in each iteration is not specified, i.e. it is left up to UE implementation
Confirm “shall” behaviour for the signalling agreement made in RAN1#100bis-e


2.5 Handling of Unused Reserved Resources
In order to reduce impact from overbooking in case of HARQ feedback, it is reasonable to restrict amount of resources that can be indicated as reserved to one and preclude the option with two reserved resources. The following options are possible:
Option 1: SCI can reserve only one resource for potential transmission, when HARQ feedback request is enabled and activated
Option 2: SCI can reserve one or two resources for potential transmissions, when HARQ feedback request is enabled and activated
Option 3: It is configurable whether SCI can reserve one or two resources for potential transmissions, when / HARQ feedback request is enabled and activated
In our view, support of Option 1 is enough for NR-V2X communication in Rel.16.
[bookmark: _Hlk36983149]

Irrespective of NMAX settings (2 or 3), SCI transmission reserves only one resource for potential transmission, when HARQ feedback request is enabled and activated

Given that when HARQ feedback is requested we assume reservation of only one resources we do not see the need for additional mechanisms to handle reserved but unused resources such as PSFCH monitoring or different RSRP thresholds applied to retransmissions.

2.6 Exclusion of slots not monitored in the sensing window
In LTE V2X exclusion of resources in case of half-duplex is done based on pre-configured set of period values. In this case, UE assumes worst case and excludes all resources associated with a set of period values configured by higher layer. It is clearly a pessimistic assumption that may need to be revised. A UE can exclude only resources associated with its own transmission period. Alternatively, the network can configure a separate set of periodicities for exclusion in this case.


For exclusion of slots in the selection window which correspond to slots not monitored in the sensing window, a UE applies a separately (pre-)configured sub-set (including empty and full set possibilities) of periodicities and applies the period used for transmission, if any

2.7 Handling of Multiple Parallel Resource Selection Processes
Multiple parallel processes of resource selection may be triggered and overlap in time. Handling of parallel ongoing resource selection processes needs to be specified. Ordering of resource selection according to priority of transmission may be considered as a solution:
Ordering of resource selection may start from the process that serves transmission with higher priority and continues following the priority order
· Sidelink resource selection for transmissions with the higher priority is prioritized (i.e. executed first). 
· Sidelink resource selection for transmissions with the lower priority is executed on remaining resources – i.e. slots not selected for higher priority transmissions
· In case of equal priority, order of resource selection is selected randomly, or left up to UE implementation

In order to perform multiple parallel resource selection processes, we have following proposal:


In case of multiple parallel resource selection processes in a slot, resource selection order starts from the process that serves transmission with highest priority and continues according to sidelink priority
· Sidelink resource selection for transmissions with the higher priority always precedes resource selection for transmissions with lower priority
· Sidelink resource selection for transmissions with the lower priority is executed on remaining resources – i.e. resources not selected for higher priority transmissions (higher priority resources are excluded)

2.8 Half-duplex Avoidance for Unicast and Groupcast Transmission
Based on previous agreements made by RAN1 WG, the identification of candidate resources does not differentiate unicast or groupcast transmissions towards UE performing resource selection and thus UE may select resources for sidelink that are in half-duplex conflict with planned sidelink transmissions. In order to address this issue, we have the following proposal:


In Step 1 (identification of candidate resources), 
· if a UE expects to receive non-broadcast transmissions in a set of future resources, a separately configured RSRP threshold associated with a priority pair is applied to these resources
· If the RSRP threshold is exceeded, the whole slot containing this resource is excluded from candidate resources

2.9 Dynamic Extension of Semi-persistent Processes
The amount of resources allocated to semi-persistent process may need to be increased if TBS size for upcoming transmission is too large. In this case UE can transmit on semi-persistent portion of resources and dynamically reserve additional resource(s) for a given transmission period. In order to support such behaviour, it needs to be indicated which resources are associated with a transmission period and which are not. The SCI transmission on resource which is not periodically repeated (i.e. dynamically reserved) should set the period value to 0. In addition, the following encoding can be applied to indicate current relative index of transmission and applicability of period:


When periodic reservations are enabled, 1 bit is carried in SCI 0-1 to indicate to which resource(s) the period is applied
· For the number of actually signalled resources N = 2
· 0 – to both resources
· 1 – only to the first of these resources 
· For the number of actually signalled resources N = 3
· 0 – to all three resources
· 1 – to the first two of these resources

2.10 Minimum Ratio of Candidate Resources
The minimum ratio of candidate resources in resource selection window equal to X = 20% was agreed by RAN1. There is an open question whether to support other X values. In our view, the value of X can be configurable per resource pool.


X is (pre)-configured per resource pool from the set of values {5, 10, 15, 20}%

Furthermore, several contribution last time brought up the issue of non-uniform reservation information availability within a selection window. I.e., due to SCI signaling span of 32 slots, the aperiodic reservation information is only available in 32 slots window, while periodic reservation information may be available in a larger window. Although there is no universal solution to cope with this, it seems reasonable to at least avoid prioritizing resource which are beyond the 32 slots window due to false assumption that those are unoccupied. For this purpose, the RSRP threshold adjustment by 3 dB may need to be modified.
A simplest modification would be to ensure X% (currently 20%) ratio is met no only at the full length of selection window of T2-T1, but also in the sub-set window of 32 slots.


In Step 1, a UE continues resource identification procedure and RSRP threshold incrementation until at least X % ratio of identified resources is obtained in
· The resource selection window [T1, T2], if T2 ≤ 32
· The resource selection window [T1, T2] and an additional window [T1, 32], if T2 > 32

2.11 RSRP measurement for 2-port DMRS
Last meeting it was brought up that current specification can lead to different RSRP measurement for 1-port and 2-port transmission cases. In general, in this case under consideration of exactly same channel, 1-port and 2-port transmission case should provide same RSRP measurement. In order to fix this, the power from two ports can be combined, i.e. the linear average over each port can be summarized.


RSRP over PSSCH DMRS is calculated as a sum of linear RSRP values calculated over each separate DMRS port

3 TPs for RAN1#100bis-e Agreements
3.1 TP for pre-emption condition
In the last meeting, the following agreement was made, but nothing is captured in L1 specification.
	Agreements:
· The procedure to check whether a reserved resource to be signaled in slot ‘m’ should be re-selected due to pre-emption:
· A regular Step 1 (as in 8.1.4 in 38.214) of the resource (re-)selection procedure is performed 
· If the reserved resource is still in the identified candidate resource set after the Step 1 execution, then Step 2 for reselection of the reserved resource(s) is not triggered
· If the reserved resource is NOT in the identified candidate resource set after the Step 1 execution
· If the resource is excluded by comparison with the RSRP measurement for an SCI associated with a priority which can trigger pre-emption, then Step 2 for reselection of the reserved resource(s) is triggered
· If the resource is excluded by comparison with the RSRP measurement for an SCI associated with a priority which cannot trigger pre-emption, then Step 2 for reselection of the reserved resource(s) is not triggered



In our understanding, this agreement should be implemented in both MAC and L1 as follows:
· L1 specification describes the regular procedure of resource set identification, and provides to the MAC layer the highest L1 priority associated with the resource, wherein the RSRP threshold for this priority was exceeded
· MAC specification describes handling of triggering resource reselection if the resource is not in the identified set and the priority condition is met

The L1 part would look like the following change in 8.1.4:
	TS 38.214, section 8.1.4
UNCHANGED PARTS OMITTED
7)	If the number of candidate single-slot resources remaining in the set  is smaller than , then  is increased by 3 dB for each priority value  and the procedure continues with step 4.
The UE shall report set  to higher layers.
If the resource identification is triggered by pre-emption check, the UE shall report to higher layers the L1 priorities, , associated with the reserved resource(s) which are not contained in the set .



3.2 TP for signalling of Nselected

The following agreement needs to be captured in TS 38.213, section 16.4:
	Working assumption:
· The UE should/shall indicate min(Nselected, N) first-in-time resources when setting the values of frequency resource assignment and time resource assignment in SCI format 0_1, where
· Nselected is the number of resources selected by MAC within 32 slots (including the current one)
· N is the maximum number of resources that can be signalled in one SCI
· To discuss and conclude “should vs. shall” in RAN1#101



In our understanding, this is a signalling aspect and needs to be captured in 38.213, section 16.4 as follows:
	[bookmark: _Toc29894886][bookmark: _Toc29899185][bookmark: _Toc29899603][bookmark: _Toc29917339][bookmark: _Toc36498214]16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
A UE that transmits a PSCCH with SCI format 0_1 using sidelink resource allocation mode 1 [6, TS38.214] 
-	sets a value of a HARQ process ID field as indicated by higher layers
-	for an initial transmission of a TB that is scheduled by a DCI format 3_0 with CRC scrambled by SL-RNTI, the UE
-	toggles the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is toggled 
-	does not toggle the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is not toggled 
-	for subsequent transmissions of the TB that are scheduled by the DCI format 3_0 with CRC scrambled by SL-RNTI, the UE does not toggle the NDI field value in SCI format 0_1.
A UE that transmits a PSCCH with SCI format 0_1 using sidelink resource allocation mode 2 [6, TS38.214] 
-	indicates min(Nselected, sl-MaxNumPerReserve) first-in-time resources by setting the values of “Frequency resource assignment” and “Time resource assignment”, where Nselected is the number of resources selected by MAC within 32 logical slots of a resource pool including the resource for transmission of this SCI format 0_1



3.3 TP for period values – not captured from RAN1#99
There are a few places in 212 and 214 referring to the procedure how a UE sets/determines a period in SCI 0_1. However, there is no such clause currently in specification. In our understanding, it can be implemented in 38.213, section 16.4 as follows:
	16.4	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by timeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by frequencyResourcePSCCH, for a PSCCH transmission with a SCI format 0_1.
A UE that transmits a PSCCH with SCI format 0_1 using sidelink resource allocation mode 1 [6, TS38.214] 
-	sets a value of a HARQ process ID field as indicated by higher layers
-	for an initial transmission of a TB that is scheduled by a DCI format 3_0 with CRC scrambled by SL-RNTI, the UE
-	toggles the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is toggled 
-	does not toggle the NDI field value in SCI format 0_1, if the NDI field value in DCI format 3_0 is not toggled 
-	for subsequent transmissions of the TB that are scheduled by the DCI format 3_0 with CRC scrambled by SL-RNTI, the UE does not toggle the NDI field value in SCI format 0_1.
A UE that transmits a PSCCH with SCI format 0_1 using sidelink resource allocation mode 2 [6, TS38.214] 
-	if sl-MultiReserveResource is configured
-	If the higher layer provides reservation period X, the UE sets the “Resource reservation period” field as an index to an entry in the higher layer provided set reservationPeriodAllowed which corresponds to the period X.
-	If the higher layer does not provide the period X or if the higher layer decides not to keep the resource reservation in the next period, the UE sets the “Resource reservation period” field as an index to an entry in the higher layer provided set reservationPeriodAllowed which corresponds to 0 period



4 Conclusions
In this contribution, we provided our views on main remaining design aspects of resource allocation Mode-2 for NR-V2X sidelink communication. Based on discussions and presented analysis, we have following proposals:

Proposal 1: 
Define Tproc,0, Tproc,1, and T3 as in the table below
· Tproc,0 = 1 slot
· Tproc,1 = T3 measured in slots and defined by the following table below

Proposal 2: 
In the minimum time gap Z = a + b for the case of HARQ RTT aware resource selection, the value of the component ‘b’ is not larger than
· Tproc.2 = Tprep + Y where: 
· Tprep is the PSFCH-to-PUCCH preparation time with assumption of μ_UL = μ_SL
· Y = 7 symbols

Proposal 3: 
In case if no resource can be found for reservation based on the identified candidate set after Step 1 for a retransmission of a TB, the re-transmission can be transmitted on a resource that is not reserved
In case if no resource can be found satisfying HARQ RTT minimum gap restriction with the already reserved resource, the resource violating the minimum gap is selected, and the feedback request in the first resource is set to “no feedback”
Confirm “shall” behaviour for the agreement on HARQ retransmission reservation from RAN1#100bis-e

Proposal 4: 
Do not support re-evaluation of already reserved resources in upcoming periods

Proposal 5: 
For pre-emption in application to periodic reservations, down-select from
· Option 1: A UE is not expected to be configured with pre-emption enabled and periodic reservations enabled in the same resource pool
· Option 2: A UE checks pre-emption condition for the resources in current reservation period, and is not expected to reserve more periodic resources after reselection triggered by pre-emption

Proposal 6: 
For a reserved resource to be signalled in slot ‘m’, the procedure to check whether it should be re-selected due to pre-emption, is performed at least at the moment ‘m-T3’
· Checks before the moment ‘m-T3’ or after ‘m-T3’ but before ‘m’ are not precluded and are up to UE implementation

Proposal 7: 
In a single iteration of resource (re)-selection/(re)-evaluation, UE can select up to N resources for sidelink transmission, where min(M, NMAX) ≤ N ≤ M, here M is number of remaining transmissions intended by UE
· The actual number N applied by UE in each iteration is not specified, i.e. it is left up to UE implementation
Confirm “shall” behaviour for the signalling agreement made in RAN1#100bis-e

Proposal 8: 
Irrespective of NMAX settings (2 or 3), SCI transmission reserves only one resource for potential transmission, when HARQ feedback request is enabled and activated

Proposal 9: 
For exclusion of slots in the selection window which correspond to slots not monitored in the sensing window, a UE applies a separately (pre-)configured sub-set (including empty and full set possibilities) of periodicities and applies the period used for transmission, if any

Proposal 10: 
In case of multiple parallel resource selection processes in a slot, resource selection order starts from the process that serves transmission with highest priority and continues according to sidelink priority
· Sidelink resource selection for transmissions with the higher priority always precedes resource selection for transmissions with lower priority
· Sidelink resource selection for transmissions with the lower priority is executed on remaining resources – i.e. resources not selected for higher priority transmissions (higher priority resources are excluded)

Proposal 11: 
In Step 1 (identification of candidate resources), 
· if a UE expects to receive non-broadcast transmissions in a set of future resources, a separately configured RSRP threshold associated with a priority pair is applied to these resources
· If the RSRP threshold is exceeded, the whole slot containing this resource is excluded from candidate resources

Proposal 12: 
When periodic reservations are enabled, 1 bit is carried in SCI 0-1 to indicate to which resource(s) the period is applied
· For the number of actually signalled resources N = 2
· 0 – to both resources
· 1 – only to the first of these resources 
· For the number of actually signalled resources N = 3
· 0 – to all three resources
· 1 – to the first two of these resources

Proposal 13: 
X is (pre)-configured per resource pool from the set of values {5, 10, 15, 20}%

Proposal 14: 
In Step 1, a UE continues resource identification procedure and RSRP threshold incrementation until at least X % ratio of identified resources is obtained in
· The resource selection window [T1, T2], if T2 ≤ 32
· The resource selection window [T1, T2] and an additional window [T1, 32], if T2 > 32

Proposal 15: 
RSRP over PSSCH DMRS is calculated as a sum of linear RSRP values calculated over each separate DMRS port
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