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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]-[5].
2 List of Open Issues
2.1 UE SCI Signaling Behavior

The SCI signalling corresponding to a given resource selection should be consistent with announced resource reservations. SCI signalling scenarios that may lead to more one (Nmax = 2) or more than two (Nmax = 3) resource reservations at any time instance of a given resource selection process should be precluded. The number of incoming and outgoing connections to/from a given resource should be the same in order to avoid situations shown in figure below.


               
Figure 1: SCI signalling scenarios that lead to reservation of more than two resources

In order to preclude such complicated signalling scenarios, we have following proposals for the case when UE indicates two and three resources by single SCI respectively.


Two resources dynamically signalled by SCI (NMAX ≤ 3):
· If any given SCI reserves one future resource - R1, the next SCI transmission, associated with the same resource selection process, should occur in the reserved resource - R1, subject to congestion control, in-device coexistence, HARQ feedback conditions
Three resources dynamically signalled by SCI (NMAX = 3): 
· If any given SCI reserves two future resources R1 and R2, the next SCI transmission, associated with the same resource selection process, should occur in the first in time reserved resource - R1, indicate the second reserved resource – R2 and possibly new resource reservation - R3 following the second reserved resource – R2, subject to congestion control, in-device coexistence, HARQ feedback conditions

2.2 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.


In a single iteration of resource (re)-selection/(re)-evaluation, UE can select up to N resources for potential sidelink transmission, where 1 ≤ 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

2.3 Distance b/w (Re)-transmissions (Signalling Window Integrity)
It was agreed that up to 32 retransmissions can be configured depending on QoS, where each single SCI can indicate up to NMAX sidelink resources for transmission (NMAX = 2 or 3 is subject to configuration). In this subsection, we argue that from system performance perspective, it is important to keep integrity of the resource selection and signaling window to ensure continuity of sidelink transmission.
Figure 2 shows analysis of the following evaluation scenarios to demonstrate benefits of the solution with the transmission chain integrity over solutions where transmission chain is breaking: 
Scenario 1 (without ensuring HARQ retransmissions on reserved resources). Duration of resources selection window is equal to 100 slots and sliding SCI signalling window is equal to 32 slots, PDB = 100 slots
Scenario 2 (with ensuring HARQ retransmissions on reserved resources). Duration of sliding resource selection window is equal to 32 slots and sliding SCI signalling window is equal to 32 slots, PDB = 100 slots
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[bookmark: _Ref32428048]Figure 2: SCI Signalling Chain Integrity Impact on PRR Performance
The following aspects and questions were raised during the email discussion in RAN1#100-E:
Whether to allow intentional transmission of HARQ retransmissions on unreserved resources
· In our understanding, transmission on unreserved resources only degrades system performance and can lead to random transmission behavior, thus should not be supported by default
Whether such resource selection is always possible without impact on Step 1
· According to our assessment, probability of having troubles in finding resources with such distance restriction is negligible, as also analysed in Figure 3.
Whether such resource selection should be ensured in case of pre-emption
· In our understanding, the pre-emption event should not be handled same way as regular selection or re-evaluation, thus the signaling window integrity can be violated
Whether such resource selection should be ensured in case of dropping due to conflicts or congestion control
· Naturally, the dropping events happen after the resource selection Step 1 & Step 2 performed, thus can impact the actually signalled resources in SCI, but not resource selection procedure itself
Whether to describe this by resource selection or by SCI signaling
· In our understanding, if it is described by resource selection, it is much clearer and avoids discussion on post-selection dropping events


For a given resource selection, within a resource selection window, the distance in logical slots between any two selected consecutive resources for SL transmission is less than 32 and larger than 0 

As it can be seen from the Figure 3 below, the probability of having maximum time gap of > 32 slots for two consecutive candidate resources is negligible in typical practical assumptions (i.e. we observed 0):
· 20% of all possible candidate resources (i.e. high loading)
· Resource selection window 40 or 80 slots
· HARQ RTT K = 3, PSFCH period = 4, b = 2
· 2 subchannels in resource pool (UE selects one sub-channel) 
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[bookmark: _Ref37072110]Figure 3: Analysis of maximum distance between consecutive candidate slots after Step 1 candidate resource set identification

· In typical scenarios including the high loading, the candidate resource set after Step 1 contains resources which are << 32 slots apart

2.4 Support of HARQ Aware Resource Selection
At the previous meeting, HARQ aware resource selection procedure was agreed
	· [bookmark: _Hlk36908890]In Step 2, a UE ensures a minimum time gap Z = a + b between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected 
· ‘a’ is a time gap between the end of the last symbol of the PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by resource pool configuration and higher layer parameters of MinTimeGapPSFCH and periodPSFCHresource 
· ‘b’ is a time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time and is determined by UE implementation



The value of ‘a’ is defined in specification. 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 is needed in Mode-1 operation for feedback forwarding and therefore these numbers can be aligned.


In Step 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
· [3] slots for SCS 15 kHz
· [3] slots for SCS 30 kHz
· [4] slots for SCS 60 kHz
· [5] slots for SCS 120 kHz

In addition, it needs to be discussed whether a UE can use a mix of blind and feedback-based transmission for the same TB. This aspect is further debated in our companion contribution [4].

2.5 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.


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]



2.6 Re-evaluation of Step-1 and Step-2
Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation. 
	· For re-evaluation of a pre-selected resource contained in a slot ‘k’ to be first time signaled in a slot ‘m’, where k ≥ m,
· Step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the pre-selected resource is not in the identified candidate resource set, Step 2 is triggered for reselection of the resource 
· Re-evaluations before the moment ‘m-T3’ or after ‘m-T3’ but before ‘m’ are not precluded and are up to UE implementation 
· FFS whether to mandate a UE to perform Step 1 checking every slot before ‘m-T3’
· [bookmark: _Hlk37423371]FFS whether evaluation of Step 2 has to ensure any introduced timing restrictions between pre-selected and re-selected resources when re-evaluation is triggered, and whether it is allowed to change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions
· FFS whether for the case of enabled periodic reservation, already reserved resources in upcoming periods can be re-evaluated


In our view, a UE should do re-evaluations of pre-selected resources every slot. Therefore, we believe it is necessary to mandate the UE to perform Step 1 checking every slot before ‘m-T3’. Our analysis shows re-evaluations at every slot provide improved performance comparing to the case when re-evaluations are done only at ‘m-T3’. In particular, we observe latency performance benefits when re-evaluation is done every slot. Please refer to Figure 4 that provides evaluation for the following scenarios:
· Scenario 1: Re-evaluation is done only at “m-T3” with uniform in time selection in resource selection window
· Scenario 2: Re-evaluation is done every slot with uniform in time selection in resource selection window
· Scenario 3: Re-evaluation is done only at “m-T3” with early in time mechanism for resource selection
· Scenario 4: Re-evaluation is done every slot with early in time mechanism for resource selection
As it can be seen from results, if re-evaluations are done only at “m-T3”, the mechanism of early in time resource selection should be supported for NR-V2X communication as further described in Section 2.11.
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[bookmark: _Ref37425174]Figure 4: Comparison of different re-evaluation approaches

Another open aspect is whether the re-evaluation must ensure the timing restrictions and if yes, what are the potential additional conditions are needed for this. In our understanding, the timing restrictions (HARQ RTT and HARQ retransmission reservation by same SCI) are integral parts of the resource selection and have to be ensured. It is admitted that there could be situations that already pre-selected resources which are still in the candidate resources set can create timing restrictions which exclude available resources for the re-evaluated resource. In this case, there are the following options to resolve the timing restriction conflicts:
Do not change the re-evaluated resource. It is a simple option and can work in most of the cases.
Allow change of pre-selected resources which are within the candidate resource set. This is a preferred option since allows resolving high RSRP at the re-evaluated resource and ensure the timing restrictions.
Based on analysis, we have the following proposal to finalize (re)-evaluation framework:


In (re)-evaluation of Step 1 and Step 2,
· Support on of the following options:
· Option 1: Re-evaluation of Step 1 is mandated to be performed every slot
· Option 2: Re-evaluation of Step 1 every slot is up to UE implementation and Step 2 supports selection of an early initial transmission from the identified resource set
In re-evaluation of Step 1 and Step 2,
· Evaluation of Step 2 must ensure any introduced timing restrictions of pre-selected and re-selected resources when re-evaluation is triggered
· Option 1: UE can change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions imposed by SCI signalling 
· Option 2: UE can keep the resource which is not in the candidate set in order to ensure the timing restrictions imposed by SCI signalling 

2.7 Preemption
Preemption procedure was agreed by RAN1 WG. The following agreement was made during the previous meeting:
	For pre-emption, both full and partial frequency domain overlap in the same slot are considered as the overlapping condition to trigger resource reselection, wherein the whole resource is reselected even if the partial overlap happened
(Re-)selection procedure for an already reserved but pre-empted resource to be used for transmission in a slot ‘m’ is not required to be triggered at moment > ‘m – T3’ 
· T3 here is identical to T3 introduced for the re-evaluation
FFS whether re-selection of the already-reserved, but pre-empted resource applies only to the resource transmitted in slot ‘m’ or to other already-reserved and pre-empted resource(s) signaled in the SCI in slot ’m’ as well


In our view, additional condition should be added to trigger resource reselection in case of preemption which is transmission on the same slot but in non-overlapping frequency resources. It is needed to reduce half-duplex and in-band emission problem for high priority transmission. In order to justify this proposal, the system level evaluations were conducted and presented in [R1-1908635] which is briefly reproduced here (for more details please refer to [R1-1908635]):
Scenario 2. Subchannel based pre-emption (i.e. UE yields transmission only in case of full or partial overlap in frequency domain)
Scenario 3. Slot based pre-emption (i.e. UE always yields transmission on a whole slot, even if there is no overlap in frequency)
[image: ]
Figure 5: Comparison of slot based pre-emption with sub-channel based pre-emption

Below we further outline potential design options of preemption procedure and express our preference.
Priority Considerations
The following preemption procedures can be considered for NR-V2X
Pre-emption is supported only for highest priority
Pre-emption is supported for configurable set of priority level combinations (e.g. above certain priority level)
Pre-emption is supported for all priority levels assuming that higher priority transmission may pre-empt lower priority transmission but not vice versa
For above scenarios, it is assumed that pre-emption is not supported among transmissions with the same priority level. In our view, configurable priority level combinations to enable pre-emption is the most appropriate and flexible way to support pre-emption for NR-V2X. The simple mechanisms to support it is to either: 
1) Define configurable priority level threshold for pre-emption
a. Transmissions with priority levels below or equal to threshold do not to trigger pre-emption
b. Transmissions with priority levels above threshold trigger pre-emption of transmissions with lower priority
2) Define pre-emption vector of size equal to the number of priority levels, where each vector element corresponds to a given priority and contains offset to priority levels that it can pre-empt or be pre-empted by given priority levels. 

    
Figure 6: left – pre-emption by the highest priority only, middle – configurable levels for pre-emption depending on priority level, right – all higher priority levels pre-empt lower priority

In order to show performance in different pre-emption activation scenarios, the following resource pre-emption configuration options with 3 different priority levels are evaluated: 
Option 1. Pre-emption operation is disabled. 
Option 2. Any higher priority transmission can trigger pre-emption.
Option 3. Only highest priority transmission can trigger pre-emption.
Option 4. Only lowest priority can be pre-empted, i.e. medium priority is not pre-empted by the highest priority. 
Evaluation results shown in Figure 7 were obtained for Freeway deployment scenario with 70km/h and 140 km/h vehicle speed. Low, Medium and High transmission priorities are randomly assigned to UEs in 70/20/10 proportion accordingly. The packet delay budget for Low, Medium, and High is equal to 50 ms, 25 ms, and 7 ms respectively. 
	NR Freeway, 140 km/h
	NR Freeway, 70 km/h
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[bookmark: _Ref37440442]Figure 7: Evaluation of different pre-emption configuration options

From the provided results, the following observations could be made:


Regardless of the pre-emption activation option, high priority UEs benefit from pre-emption at expense of performance degradation for UEs with low and medium priority
· Depending on UE density, different pre-emption activation option has the best performance for high priority UEs
Performance of the medium priority UEs depends on the pre-emption activation option

Regarding FFS on whether “re-selection of the already-reserved, but pre-empted resource applies only to the resource transmitted in slot ‘m’ or to other already-reserved and pre-empted resource(s) signaled in the SCI in slot ’m’ as well”, in our view it applies all resources detected to be pre-empted regardless of when these resources are transmitted in slot ‘m’ or later.
Furthermore, how exactly the pre-emption reselection is performed can be finalized by a proposal similar to the agreement made for re-evaluation in the last meeting:
· For reselection of a pre-empted resource contained in a slot ‘k’ to be signalled in a slot ‘m’, where k ≥ m,
· [bookmark: _Hlk37427212]Step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the reserved resource is not in the identified candidate resource set and fulfils pre-emption activation condition, Step 2 is triggered for reselection of the resource


Transmission in the same slot on orthogonal/different sub-channel(s) is subject to pre-emption
Per resource pool configure a priority level p_preemption, and if priority p_SCI associated with the resource indicated in SCI is higher than p_preemption and prioTX, then pre-emption can be triggered
Pre-emption condition for a resource contained in a slot ‘k’ to be signalled in a slot ‘m’, where k ≥ m, is the following:
· When step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the reserved resource is not in the identified candidate resource set and fulfils pre-emption triggering condition, Step 2 is triggered for reselection of the resource
When pre-emption is triggered,
· The minimum time gap for HARQ RTT is respected by the reselection of the pre-empted resource
· The timing restriction for signalling/chain window integrity is not required to be respected by the reselection of the pre-empted resource
· Pre-empted resources are excluded from the list of the identified candidate resources according to pre-configured pre-emption type
· Type-1 Pre-emption: whole slot is excluded in case of partial or full overlap with pre-empting transmission
· Type-2 Pre-emption: only pre-empted resource is excluded from candidate resource for selection

2.8 Resource Signalling in Case of HARQ Feedback
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 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.

2.9 Exclusion Based on Period Values Signalled in SCI
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. In particular, 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.


Resource exclusion in case of half-duplex is based one of the following options
· Option 1: UE selecting the resource applies its current TX period
· Option 2: UE selecting the resource applies a separately (pre-)configured set of periods specifically for exclusion due to half-duplex, including empty set of periods (i.e. no exclusion due to half-duplex)


2.10 Actual Number of Resources Indicated by SCI
RAN1 needs to discuss whether for a given HARQ or resource selection process the actual number of resources indicated by each SCI may vary over time. The following alternatives are possible: 
Alt.1: For a given resource selection or HARQ process, the actual number of resources (1, 2 or 3) indicated by each SCI is not expected to change during the process (i.e. until its termination)
Alt.2: For a given resource selection or HARQ process, the actual number of resources (1, 2 or 3) indicated by each SCI is up to UE implementation and is subject to configuration of NMAX parameter.
In general, different NMAX values may be configured per sidelink priority.


Different sidelink transmission priorities are associated with different NMAX values
For a given resource selection or HARQ process, the actual number of resources (1, 2 or 3) indicated by each SCI is up to UE implementation and is subject to configuration of NMAX parameters per resource pool and transmission priority

2.11 [bookmark: _Ref37425365]Earlier in time resource selection
Randomized resource selection from identified candidate resources was agreed by RAN1 WG. Considering that latency is an important design aspect for NR-V2X communication, it is also important to prioritize selection of the early in time candidate resources for transmission. The principle can be applied to either initial transmission only or to all resource selection decisions within resource selection process.


In Step 2, initial transmission is selected randomly from earlier in time candidate resources
· ME ≤ M earliest resources from the identified resource set M are used to randomly select the initial transmission
· ME = max(1, floor(M/MT)), where MT – the total number of resources selected by a UE in a given selection window in Step 2
Early in time selection is applied only to resource selection for initial transmission

Figure 8 provides evaluation results for described below simulation scenarios and confirms latency benefits of the above proposal:
Scenario 1: No early in time prioritization
Scenario 2: Early in time prioritization for initial transmission only
Scenario 3: Early in time prioritization is applied to all resource selection attempts
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[bookmark: _Ref32437470]Figure 8: Impact of early in time resource selection on packet delivery


2.12 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 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)

2.13 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

2.14 Backward Signalling

Reuse of LTE-V2X resource selection procedure was agreed by RAN1 for semi-persistent processes. In LTE-V2X, backward signalling is supported and thus should be enabled in NR-V2X at least for sensing and identification of candidate resources. At the previous meeting the following agreements was made by RAN1 WG:
	Down-select in the next meeting one of the following options
· Option 1: There is no separate field in the first stage SCI indicating a resource index for the purpose of backward indication, i.e., backward indication is not supported
· Option 2: When periodic reservations are enabled in a resource pool, a separate field of 1 bit in the first stage SCI indicates a resource index for the purpose of backward indication
· Option 3: When periodic reservations are enabled in a resource pool, a separate field of ceil(log2(Nmax)) bit in the first stage SCI indicates a resource index for the purpose of backward indication



In our view, Option 3 should be supported by NR-V2X as a general solution. Option 1 is not reasonable since it downgrades NR-V2X performance comparing to LTE-V2X (as it is shown in Figure 9) and thus should not be considered. Option 2 may be considered as a compromise solution in case if drawbacks and strong resistance to accept Option 3 are identified.
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[bookmark: _Ref37437299]Figure 9: Impact of backward signalling on packet delivery


Regarding backward signalling, select Option 3, i.e. SCI backward signalling for 1 and 2 resources is supported subject to NMAX configuration

2.15 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

2.16  T0 Pre-configuration Settings
The sensing window duration was discussed by RAN1. It was agreed that “T0 is (pre)-configured between: 1000+[100]ms and [100]ms, where 100ms in brackets are not confirmed. The following options can be considered for configuration of sensing window:
Option 1: Confirm 1000+100ms and 100ms as a range for T0 configuration range
· This option is suboptimal but simple. Considering that it can reasonably cover all practical scenarios we are open to confirm it for the sake of progress.
Option 2: [W, 1000ms+W], where W is SCI signalling window in logical slots which duration depends on pool configuration.
· This option is optimal from sensing perspective but is a bit more challenging from the specification effort and implementation perspective. In particular, the actual length of sensing window in slots is dependent on pool configuration and may change over time.


Sensing window duration T0 is configured within a range [100, 1100] ms

2.17 Configuration of Maximum RSRP Threshold
In Step 1, initial L1 SL-RSRP threshold for each combination of pi and pj is (pre-)configured, where pi - priority indication associated with the resource indicated in SCI and pj - priority of the transmission in the UE selecting resources. When the ratio of identified candidate resources to the total number of resources in a resource selection window is less than X%, all configured thresholds are increased by Y = 3dB and the resource identification procedure is repeated. 
If max RSRP thresholds are configured, the X% resource ratio may not be satisfied when max RSRP thresholds are reached. Therefore, additional UE behavior needs to be defined to handle this case.


Do not introduce maximum RSRP threshold in Step 1 processing of resource selection procedure

2.18 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}%

3 TPs for RAN1#100e Agreements
Time-frequency resource indication:
--------------------------------------------- TP to 38.214, section 8.15 starts ---------------------------------------------------
The set of slots and resource blocks for PSSCH transmission is determined by the resource used for the PSCCH transmission containing the associated SCI format 0-1, and fields "Frequency resource assignment", "Time resource assignment" of the associated SCI format 1 as described below.
"Time resource assignment" carries logical slot index indication of N = 1 or 2 or 3 actual resources in a form of time RIV (TRIV) field which is determined as follows:
if 

elseif 

else
if 

else

end if
end if
where  denotes i-th resource time offset in logical slots of a resource pool with respect to the first resource where N = 2, , for N = 3, , .
The lowest sub-channel index of the first PSSCH associated with the received SCI format 0-1 is determined from the sub-channel index where PSCCH carrying the SCI format 0-1 is received. The number of allocated sub-channels  and the lowest sub-channel indexes of other PSSCH reserved by the received SCI format 0-1 are determined from "Frequency resource assignment" which is equal to a frequency resource index  where. 
If sl-MaxNumPerReserve is 2 then ,
If sl-MaxNumPerReserve is 3 then ,
where
-	 denotes the lowest sub-channel index for the second resource, if any
-	 denotes the lowest sub-channel index for the third resource, if any
If TRIV indicates N < sl-MaxNumPerReserve, the decoded lowest sub-channel indexes corresponding to sl-MaxNumPerReserve minus N last resources are not used.
--------------------------------------------- TP to 38.214, section 8.15 ends ---------------------------------------------------

Furthermore, there were agreements regarding re-evaluation, pre-emption, and Step 2. In our understanding most of these agreements are being implemented in RAN2 MAC specification.
4 Conclusions
In this contribution, we provided our views on main design aspects of resource allocation Mode-2 for NR-V2X sidelink communication. Based on discussions and presented evaluation results, we have following proposals:

Proposal 1: 
Two resources dynamically signalled by SCI (NMAX ≤ 3):
· If any given SCI reserves one future resource - R1, the next SCI transmission, associated with the same resource selection process, should occur in the reserved resource - R1, subject to congestion control, in-device coexistence, HARQ feedback conditions
Three resources dynamically signalled by SCI (NMAX = 3): 
· If any given SCI reserves two future resources R1 and R2, the next SCI transmission, associated with the same resource selection process, should occur in the first in time reserved resource - R1, indicate the second reserved resource – R2 and possibly new resource reservation - R3 following the second reserved resource – R2, subject to congestion control, in-device coexistence, HARQ feedback conditions
Proposal 2: 
In a single iteration of resource (re)-selection/(re)-evaluation, UE can select up to N resources for potential sidelink transmission, where 1 ≤ 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
Proposal 3: 
For a given resource selection, within a resource selection window, the distance in logical slots between any two selected consecutive resources for SL transmission is less than 32 and larger than 0 
Proposal 4: 
In Step 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
· [3] slots for SCS 15 kHz
· [3] slots for SCS 30 kHz
· [4] slots for SCS 60 kHz
· [5] slots for SCS 120 kHz

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 6: 
In (re)-evaluation of Step 1 and Step 2,
· Support on of the following options:
· Option 1: Re-evaluation of Step 1 is mandated to be performed every slot
· Option 2: Re-evaluation of Step 1 every slot is up to UE implementation and Step 2 supports selection of an early initial transmission from the identified resource set
In re-evaluation of Step 1 and Step 2,
· Evaluation of Step 2 must ensure any introduced timing restrictions of pre-selected and re-selected resources when re-evaluation is triggered
· Option 1: UE can change the pre-selected but not reserved resources which are still in the candidate resource set in order to ensure the timing restrictions imposed by SCI signalling 
· Option 2: UE can keep the resource which is not in the candidate set in order to ensure the timing restrictions imposed by SCI signalling 
Proposal 7: 
Transmission in the same slot on orthogonal/different sub-channel(s) is subject to pre-emption
Per resource pool configure a priority level p_preemption, and if priority p_SCI associated with the resource indicated in SCI is higher than p_preemption and prioTX, then pre-emption can be triggered
Pre-emption condition for a resource contained in a slot ‘k’ to be signalled in a slot ‘m’, where k ≥ m, is the following:
· When step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, and if the reserved resource is not in the identified candidate resource set and fulfils pre-emption triggering condition, Step 2 is triggered for reselection of the resource
When pre-emption is triggered,
· The minimum time gap for HARQ RTT is respected by the reselection of the pre-empted resource
· The timing restriction for signalling/chain window integrity is not required to be respected by the reselection of the pre-empted resource
· Pre-empted resources are excluded from the list of the identified candidate resources according to pre-configured pre-emption type
· Type-1 Pre-emption: whole slot is excluded in case of partial or full overlap with pre-empting transmission
· Type-2 Pre-emption: only pre-empted resource is excluded from candidate resource for selection
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: 
Resource exclusion in case of half-duplex is based one of the following options
· Option 1: UE selecting the resource applies its current TX period
· Option 2: UE selecting the resource applies a separately (pre-)configured set of periods specifically for exclusion due to half-duplex, including empty set of periods (i.e. no exclusion due to half-duplex)
Proposal 10: 
Different sidelink transmission priorities are associated with different NMAX values
For a given resource selection or HARQ process, the actual number of resources (1, 2 or 3) indicated by each SCI is up to UE implementation and is subject to configuration of NMAX parameters per resource pool and transmission priority
Proposal 11: 
In Step 2, initial transmission is selected randomly from earlier in time candidate resources
· ME ≤ M earliest resources from the identified resource set M are used to randomly select the initial transmission
· ME = max(1, floor(M/MT)), where MT – the total number of resources selected by a UE in a given selection window in Step 2
Early in time selection is applied only to resource selection for initial transmission
Proposal 12: 
In case of multiple parallel resource selection processes in 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 13: 
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 14: 
Regarding backward signalling, select Option 3, i.e. SCI backward signalling for 1 and 2 resources is supported subject to NMAX configuration
Proposal 15: 
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 16: 
Sensing window duration T0 is configured within a range [100, 1100] ms
Proposal 17: 
Do not introduce maximum RSRP threshold in Step 1 processing of resource selection procedure
Proposal 18: 
X is (pre)-configured per resource pool from the set of values {5, 10, 15, 20}%
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6 [bookmark: _GoBack]Annex B – System Level Evaluation Assumptions
In this section, we provide summary of evaluation assumptions 
[bookmark: _Ref534982661]Table 1: System level evaluation assumptions for pre-emption and feedback-based communication studies
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology
· Vehicle speed = 140 km/h, 70 km/h

	Channel model
	TR 37.885, NR V2X Channel Model

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	Aperiodic variable packet size broadcast traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] Byte with quantization step of 200 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms
· 100% Vehicle UEs transmit data 

Periodic variable packet size broadcast traffic
· Packet size: [800, 1200] Byte with probabilities [0.8, 0.2] accordingly
· Inter-packet arrival time: 50 ms
· Latency requirement: 50 ms
· 50% Vehicle UEs transmit data 

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols total overhead

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data resource multiplexing
	Same slot SCI and Data transmission with Option 3 multiplexing scheme

	SCI/Data frequency resource allocation
	· PSCCH: 5 PRB
· PSSCH: 25 PRB

	SCI/Data time resource allocation
	· PSCCH: 2 Symbols
· PSSCH: 10 Symbols

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 200 Byte packet: QPSK, 2 TTI (CRTTI = 0.28, CRAll = 0.14)
· 400 Byte packet: QPSK, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 600 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.42, CRAll = 0.21)
· 800 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 1000 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.70, CRAll = 0.23)
· 1200 Byte packet: 16-QAM, 3 TTI (CRTTI = 0.83, CRAll = 0.28)
· 1400 Byte packet: 16-QAM, 4 TTI (CRTTI = 0.97, CRAll = 0.24)
· 1600 Byte packet: 16-QAM, 4 TTI (CRTTI = 1.11, CRAll = 0.27)
· 1800 Byte packet: 16-QAM, 5 TTI (CRTTI = 1.25, CRAll = 0.31)
· 2000 Byte packet: 16-QAM, 5 TTI (CRTTI = 1.39, CRAll = 0.35)

Periodic variable packet size evaluations: 
· 800 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.55, CRAll = 0.28)
· 1200 Byte packet: 16-QAM, 2 TTI (CRTTI = 0.83, CRAll = 0.42)
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