[bookmark: _Hlk31821325]3GPP TSG-RAN WG1 Meeting #100bis     		           R1-2001661
e-Meeting, April 20th – 30th, 2020

Source:	vivo
Title:	Remaining issues on mode 2 resource allocation mechanism
Agenda Item:	7.2.4.2.2
Document for:	Discussion and Decision
1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we discuss some remaining aspects of mode 2 resource allocation in NR V2X, including the following topics: 
· Details on resource re-evaluation and preemption;
· Details on step 1; 
· Number of reserved resources;
· Resource re-selection trigger condition;
· TP for aperiodic resource allocation.
2. [bookmark: _Ref20917016]Details on resource re-evaluation and pre-emption
The following agreements about resource re-evaluation and pre-emption were achieved in the previous meetings.
	Agreements:
· 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’
· 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
Agreements:
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a working assumption:
· T2 ≥ T2min
· If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
· FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
· UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum
· FFS relation of T3, Tproc,0, Tproc,1
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1
· A UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure
Agreements:
· 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(s) to be used for transmission and/or reserved 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) reserved signaled in the SCI transmitted in slot ’m’ as well



2.1. Re-evaluation 
It has been agreed that Step 1 of the resource (re-)selection procedure is performed at least at the moment ‘m-T3’, where ‘m’ the time instant to transmit reservation signaling. One remaining issue is how to determine T3. In our opinion, determination of T3 should take into account the sensing and resource reselection processing time. Therefore, T3 ≤ Tproc,0  + Tproc,1 , and determination of exact T3 value is up to UE implementation. 
[bookmark: _Ref37421444]Proposal 1: T3 ≤ Tproc,0  + Tproc,1 , and determination of T3 value is up to UE implementation. 
2.2. Pre-emption operation
Resource reselection needs to be performed for the pre-empted resource as described in the agreement made at the RAN1#100e meeting. Regarding the resource re-selection incurred by pre-emption, one remaining issue is whether the re-selection applies only to the resource transmitted in slot ‘m’ or to other already-reserved and pre-empted resource(s) reserved in the SCI transmitted in slot ’m’ as well.
Whether a reserved resource is pre-empted or not depends on two aspects, 1) the reserved resource is overlapped with resource(s) of a higher priority reservation from a different UE and, 2) SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold. Regarding the 2nd aspect, the associated SL-RSRP threshold is determined based on Step 1 re-evaluation, hence the associated SL-RSRP threshold is always varying with the time instant performing the re-evaluation. Even though a UE would judge a future reserved resource at slot ‘k’ to be pre-empted, however, if the re-evaluation is performed at ‘k-T3’, an opposite judgment may be made. Consequently, the UE would reserve more transmission resources than it needs, which would incur negative impact to the system congestion. Based on the discussion above, we are negative to the proposal that the re-selection applies to other already-reserved and pre-empted resource(s) reserved in the SCI transmitted in slot ’m’ and following proposal is made.
[bookmark: _Ref37421448]Proposal 2: (Re-)selection procedure for an already reserved but pre-empted resource(s) to be used for transmission in a slot ‘k’ is triggered at least at the moment ‘k – T3’. 
3. Details on step 1
The following agreements about sensing and selection window were achieved in the previous meeting.
	Agreements:
· In Step 1, 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 dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any


3.1. PSSCH-RSRP
It has been agreed to support SL-RSRP measurement based on PSSCH DMRS for NR V2X. On the other hand, NR sidelink supports up to two antenna ports for PSSCH DMRS. Moreover, the number of antenna ports, as well as the pattern, are signalled in the 1st stage SCI, thus, they may be dynamically changing between consecutive measurement samples. Consequently, it is not clear how the RX UE measures the PSSCH DMRS if two-port PSSCH DMRS is enabled. To resolve this issue, it is proposed to combine the measurement results from two antenna ports for PSSCH-RSRP. More details are discussed in companion paper [1].
[bookmark: _Ref37421457]Proposal 3: If two-port DMRS is indicated, the measurement results from two ports are combined to derive PSSCH-RSRP. 
3.2. Maximum RSRP threshold
It was agreed that the resource exclusion based on L1 SL-RSRP is supported in NR V2X, and the initial SL-RSRP threshold is associated with the priority indicated in the decoded SCI and the priority of the upcoming packet transmission. Furthermore, in RAN1 98bis meeting, it was agreed that when the ratio of identified candidate resources to the total number of resources in a resource selection window is less than X%, the configured RSRP thresholds should be increased by Y dB. Then, UE repeats the procedure of resource exclusion. In order to avoid severely congestion in the resource pool, the maximum RSRP threshold should be defined to stop the RSRP threshold increment. When the maximum RSRP threshold is reached and the candidate resource is less than X%, the RSRP threshold for resource exclusion should not increase any more. 
[bookmark: _Ref37437011]Proposal 4: For RSRP threshold increment in the procedure of candidate resource identification, the upper bound(s) of RSRP threshold should be restricted. 
3.3. Additional resource exclusion principle
As discussed above, it is possible that the RSRP threshold reaches the configured maximum value, but the candidate resource is still lower than X% resource. In this case, no resource can be identified, and empty resource set is reported to higher layers. However, it may result in packet loss, especially for packet having low latency requirement, which may not be acceptable for high priority traffic. In our opinion, if the priority of this packet is high enough, additional resource exclusion based on priority can be performed to possibly preempt the resources that have already been reserved for any lower priority packets by other UEs. Moreover, additional candidate resource could be selected to report to the higher layers. Therefore, we propose additional resource exclusion based on priority should be supported. 
[bookmark: _Ref37421460]Proposal 5: Additional procedure of candidate resource identification based on priority only once it reaches the upper bound of RSRP threshold should be supported.  
3.4. Resource selection considering different transmission types 
In NR V2X, data can transmit in unicast, groupcast or broadcast manner. A UE performing resource (re-)selection should avoid to select the resources reserved by other UEs for broadcast or interested groupcast transmission to reduce the half-duplex conflict. Therefore, the resource allocation procedure can take into account the transmission type. For example, UE can exclude the resource occupied by broadcast transmission according to the information in the 1st stage SCI, if one format of the 2nd stage SCI is used for scheduling broadcast transmission. 
[bookmark: _Ref534819839]Proposal 6: Transmission type of unicast, groupcast and broadcast should be taken into consideration in sensing procedure to reduce the half-duplex conflict.
3.5. Processing time 
In this sub-section, some details of Tproc,0 and Tproc,1 will be discussed. With regard to Tproc,0,, similar as in LTE, it can be a defined value in order to guarantee the accuracy of sensing measurement. For Tproc,1, it depends on the UE processing delay restriction for resource selection, which can be fixed in specification as well. Moreover, since Tproc,0 and Tproc,1 is related to UE processing time, it is preferred that Tproc,0 and Tproc,1 are defined in absolute time (i.e. Tc) where the value is depending on the SCS.  
[bookmark: _Ref37421466]Proposal 7: Tproc,0  and Tproc,1 are defined in absolute time (i.e. Tc), where the value is depending on the SCS. 
The following TP for TS 38.214 [1] is proposed:
	8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<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 
· If the value  is not larger than , procedure continues with step 4.
· Else, procedure continues with step 4 except the condition b) of step 6.  
Where  is the maximum value of RSRP configured by higher layer.



4. Number of reserved resources
Although the maximum number for a TB can be restricted by configuration, a UE could still preform multiple resource reservation processes at the same time. Consequently, there is essentially no restriction on the number of reserved resources for a UE. Then, A UE may reserve more resources than it needed for itself, while causing performance degradation from system perspective, such as higher inter-UE interference or resource waste. Therefore, we prefer that the maximum number of resource reservation by a UE is (pre-)configured to avoid over reservation of resource in the resource pool. 
If the periodic resource reservation is disabled, the restriction of the maximum number of reserved resource is applied to all the sidelink processes of the UE. That means at any moment, the number of all the resources reserved by the UE should be less than or equal to the configured maximum value. An example of resource reservation when periodic resource reservation is disabled is illustrated in Figure 1. There are two processes triggered by the UE. If the maximum number of the reserved resource is configured as 10 in the resource pool, at t1, the UE has reserved 7 resources, which is less than the maximum number of 10.
If the periodic resource reservation is enabled, the restriction of maximum number of the reserved resource is applied in a (pre-)configured window (e.g., the minimal or maximum period value configured in the resource pool) to all the processes. That means at any moment (e.g., t1), the number of all the resource reserved by the UE within the window should be less than or equal to the configured maximum value. An example of resource reservation when periodic resource reservation is enabled is illustrated in Figure 2. There are two processes triggered by the UE. If the maximum number of the reserved resource is configured as 10 in the resource pool, at t1, the UE has reserved 10 resources in the pre-configured window. Therefore, it cannot reserve the eleventh resource at t1.
[bookmark: _Ref37421469]Proposal 8: The maximum number of reserved resources for a UE is (pre-)configured in the resource pool.
[bookmark: _Ref37435987][bookmark: _GoBack]Proposal 9: If the periodic resource reservation is disabled, the number of the resource granted but not used should not be larger than the (pre-)configured maximum number.
[bookmark: _Ref37435991]Proposal 10: If the periodic resource reservation is enabled, the number of the resource granted but not used in a pre-defined window should not larger that the (pre-)configured maximum number. 


[bookmark: _Ref37435895]Figure 1 An example of resource reservation if the periodic resource reservation is disabled


[bookmark: _Ref37435901]Figure 2 An example of resource reservation if the periodic resource reservation is enabled
5. Resource re-selection trigger condition
5.1. HARQ based resource re-selection
For blind retransmission, it can be assumed that a UE intends to select all the (re-)transmission resources of a TB in a resource selection iteration. However, for HARQ based retransmission, the actual number of the (re-)transmission resources of a TB may vary, UE may not be able to select all the (re-)transmission resources of a TB in a single resource selection iteration. Therefore, it is proposed that a new iteration of resource selection for a given TB can be triggered by DTX/NACK status received from the RX UE.
[bookmark: _Ref32580170]Proposal 11: Resource selection for a given TB can be triggered by DTX/NACK status received from RX UE. 
Moreover, for the periodical TB transmission, consecutive packet loss may occur, which will severely degrade the service QoS. Therefore, if the consecutive packet loss can be detected by TX UE, e.g., via detection of consecutive DTX/NACK feedback, resource reselection can be triggered.  
[bookmark: _Ref37421480]Proposal 12: Resource selection can be triggered, if consecutive packet loss occur is detected by TX UE, e.g., via detection of consecutive DTX/NACK feedback.
5.2. Use of CSI in resource (re-)selection procedure

	Agreements:
· In Step 2, randomized resource selection from the identified candidate resources in the selection window is supported
· FFS if CSI can be used for resources selection


At the RAN1#99 meeting, it was proposed to further study whether CSI can be used for resources selection. CSI feedback is beneficial for transmission parameter selection including determination of the transmission MCS. Which can assist TX UE to further determine the resource size for the current TB transmission. However, this can be performed by UE implementation, it is not necessary to specify resource selection behavior regarding CSI feedback.
On the other hand, regarding effective use of CSI, it is beneficial to allow TX UE to change resource size or number of resources for adaptive re-transmission, e.g., when channel condition is bad, the resource size of the current TB re-transmission can be enlarged, more details about the link adaptation based on CSI feedback are discussed in companion paper [4]. From specification perspective, a TX UE should be allowed to trigger resource re-selection when receiving CSI feedback from RX UE. Therefore, the following proposal is made.
[bookmark: _Ref32580180]Proposal 13: Resource (re-)selection is triggered, when TX UE receives CSI feedback from RX UE. 
6. [bookmark: _Ref21800388][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: OLE_LINK10]TP for aperiodic resource allocation
One remaining issue of the current specification is that the resource allocation for aperiodic allocation is missing. The following TP is proposed to address this issue.
The following TP for TS 38.214 [1] is proposed:
	[bookmark: OLE_LINK1]TS 38.214
8.1.2.1	Resource allocation in time domain
<Unchanged parts omitted>
[bookmark: OLE_LINK2]In sidelink resource allocation mode 2: 
For the SCI format 0_1 transmitted on the PSCCH resource in slot , the set of slots for the corresponding PSSCH are determined according to the value STIV determined by “Time resource assignment” field. 
-	If the value STIV is equal to 0, the time resource for the corresponding PSSCH are in slot   .
-	elseif the value STIV is less than 32, UE reserves one resource, the time gap between reserved resource and slot  gap 1 determined from the sidelink time indicator value STIV: 
-	The time resource for the reserved PSSCH are in slot , where gap 1 is equal to STIV.
-	elseif the value STIV is larger than 32 and less than 497, UE reserves two resources, the time gap gap 1 between first reserved resource and slot  and the time gap gap 2 between the second reserved resource and slot  are determined from the sidelink time indicator value STIV:
-	The time resource for the first reserved PSSCH are in slot   
-	The time resource for the second reserved PSSCH are in slot 
Where gap1 and gap2 determined from the sidelink time indicator value STIV:
+gap1+32


The following TP for TS 38.213 [3] is proposed:
	TS 38.213
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.
If the configured sidelink grant from higher layer indicates the PSCCH resource in slot , one transmission of PSCCH is in the indicated resource m (described in TS 38.214) in slot .
-	If “Time resource assignment” in the configured sidelink grant reserves one resource, another transmission of PSCCH is in the PSCCH resource  in slot  where gap1 is the value determined by “Time resource assignment” field in the configured sidelink grant,  corresponds to value  determined by “Frequency resource assignment” field according to the procedure in TS 38.214. If the “Time resource assignment” in the configured sidelink grant reserves two resources, the first reserved transmission of PSCCH is in the PSCCH resource  in slot  , and the second reserved transmission of PSCCH is in the PSCCH resource   in slot , where gap1 and gap2 are values determined by “Time resource assignment” field in the configured sidelink grant,  corresponds to value  and  corresponds to value determined by “Frequency resource assignment” field according to the procedure in TS 38.214.
The UE shall set the contents of the SCI format 0_1 as follows:
-	the UE shall set the “Modulation and coding scheme” as indicated by higher layers.
-	the UE shall set the "Priority" field according to the highest priority among those priority(s) indicated by higher layers corresponding to the transport block.
-	the UE shall set the Time gap between the reserved resource(s) and the PSCCH field,  the Frequency resource location of reserved resource(s) field, and according to TS38.214 in accordance with the PSSCH resource allocation indicated by the configured sidelink grant.
-	the UE shall set the “Resource reservation period” field according to a table configured by higher layer parameter  based on indicated value X, where X is equal to the Resource reservation interval provided by higher layers.



7. Conclusion
In this contribution, overview and discussion on NR V2X resource allocation are provided. Some proposals are as following:
Proposal 1: T3 ≤ Tproc,0  + Tproc,1 , and determination of T3 value is up to UE implementation.
Proposal 2: (Re-)selection procedure for an already reserved but pre-empted resource(s) to be used for transmission in a slot ‘k’ is triggered at least at the moment ‘k – T3’.
Proposal 3: If two-port DMRS is indicated, the measurement results from two ports are combined to derive PSSCH-RSRP.
Proposal 4: For RSRP threshold increment in the procedure of candidate resource identification, the upper bound(s) of RSRP threshold should be restricted.
Proposal 5: Additional procedure of candidate resource identification based on priority only once it reaches the upper bound of RSRP threshold should be supported.
Proposal 6: Transmission type of unicast, groupcast and broadcast should be taken into consideration in sensing procedure to reduce the half-duplex conflict.
Proposal 7: Tproc,0  and Tproc,1 are defined in absolute time (i.e. Tc), where the value is depending on the SCS.
Proposal 8: The maximum number of reserved resources for a UE is (pre-)configured in the resource pool.
Proposal 9: If the periodic resource reservation is disabled, the number of the resource granted but not used should not be larger than the (pre-)configured maximum number.
Proposal 10: If the periodic resource reservation is enabled, the number of the resource granted but not used in a pre-defined window should not larger that the (pre-)configured maximum number.
Proposal 11: Resource selection for a given TB can be triggered by DTX/NACK status received from RX UE.
Proposal 12: Resource selection can be triggered, if consecutive packet loss occur is detected by TX UE, e.g., via detection of consecutive DTX/NACK feedback.
Proposal 13: Resource (re-)selection is triggered, when TX UE receives CSI feedback from RX UE.
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