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Introduction
This contribution proposes to conclude the following topics for sidelink resource allocation in mode 2 for NR V2X. 
- Timing relation of sensing/(re)selection window
- Relation among reservation, pre-emption and retransmission(s)
- Pre-emption mechanism clarifications
- Resource selection window size X and PDB limitation
Discussion
Timing relation of sensing/(re)selection window 
The following was agreed in RAN1#98b meeting. 
	Agreements:
· Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation
· The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)
· FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS relationship of T1 and T3, if any
· FFS whether to handle it differently for blind and feedback-based retransmission resources
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



For the agreement of “the re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ ”,  our interpretation is that the resource in ‘m’ is a future resource which was selected by a UE in its previous sensing and selection procedures. 
For a resource m indicated by a past SCI A, the re-evaluation procedure is triggered by pre-emption scheme, i.e., when the UE A received an SCI B to reserve the same resource m with higher priority than the past SCI A. The re-evaluation procedure will not be triggered, if the time difference between the resource m and the time to receive the SCI B is shorter than a value K.  The value K should be larger or equal to expected UE decoding time of SCI and UE re-evaluation time. In our view, K can be 1 slot. We are also ok to set K as 2 slots if more processing time is required.  The proposed timing relation is illustrated in Figure 1. Note that we are not so sure the meaning of Tproc,0 and Tproc,1 as it seems different companies interpret differently. We propose not to use these terms in the final specification.


Figure 1: Resource reservation for a HARQ retransmission

Proposal 1: The re-evaluation procedure on resource m is not required to be triggered, if the time difference between resource m and the time to receive the reserving SCI corresponding to resource m is shorter than the value K. 
· The value K should be be larger than or equal to the sum of expected UE decoding time of SCI and re-evaluation time.
· K is proposed as 1 slot. We are also ok with 2 slots if necessary.

Relation among reservation, pre-emption and retransmission(s) 
Mixed blind and feedback-based HARQ (re)transmissions
Followings were agreed in the RAN1#98b meeting:
	Agreements:
· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool	
· The priority is the one signaled in SCI
· This includes both blind and feedback-based HARQ (re)-transmission
· The value range is any value from 1 to 32
· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total

Agreements (in PHY procedure AI)
· For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,
· SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.


The remaining FFS in the first agreement is whether to support a mixed blind and feedback-based retransmission approach. According to above described second agreements, an indication in SCI is used for the request of HARQ feedback. In addition, the need of HARQ feedback depends on the situation, e.g. channel condition, priority of the TB, resource allocation of the TB and so on. Our understanding is PSSCH always contains PSCCH and there is no case that PSSCH without PSCCH transmission. Based on above, a mixed approach of blind and feedback-based retransmission is feasible as the need of PSFCH is explicitly indicated in each PSCCH. Therefore, we propose to conclude the FFS as to support mixed blind and feedback-based approach.
Proposal 2: A mixed blind and feedback-based approach is supported. PSCCH in each PSSCH transmission indicates the request of the feedback.

Reserved but unused resource in HARQ feedback-based (re)transmission
For unicast/groupcast, based on PSFCH, Tx UE of PSSCH is able to know whether further retransmission is required or not. When PSSCH#2 is reserved by SCI#1 as the resource for the retransmission of PSSCH#1 as in Fig.2 below, the PSCCH#2 is unnecessary when PSSCH#1 is received successfully by receiver UE(s). 
[image: ]
Figure 2: Resource reservation for a HARQ retransmission
 The pre-emption agreement does not refer any behaviour related to the successful reception of PSSCH. Therefore, we propose to clarify the pre-emption is carried out by only based on the priority in SCI field and it is regardless of PSSCH is received correctly or not.
Proposal 3: The pre-emption is carried out solely based on the priority field on the SCI regardless whether the corresponding PSSCH is correctly received or not.

RAN1 has agreed that, “at least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported”, and “no additional signaling is defined for the purpose of release of unused resources by the transmitting UE”. Here HARQ feedback means PSFCH.
When Tx UE (UE#1) of resource#1 would like to use resource#2, by receiving PSFCH, the Tx UE of resource#1 can use the resource#2 for a new TB transmission. As described in the previous section, retransmission or new TB is indicated in SCI#2. Therefore, resource#2 can be received by the other UEs.
Rx UE(s) of resource#1 can know the resource#2 is released when the PSSCH#1 is successful decoded and Tx UE of resource#1 indicates any new TB by BSR embedded in PSSCH in resource#1. Or when the PSSCH#1 is successful decoded and the previously indicated BSR is smaller than the total sum of assigned TBs, Rx UE(s) of resource#1 can know the resource#2 is released.
Just neighbor UEs not Tx UE of resource #1 nor Rx UE of resource #1, as these UEs does not receive/transmit PSFCH, whether the resource#2 is released or not is not known. Therefore, resource#2 is released or not is only known by Tx UE of the resource#1 or Rx UE(s) of resource#1. For such UEs, to prioritize such released resource can be useful as these released resources has less chance of the collisions among Tx UEs as just neighbor UEs think these resources are still reserved.
In order to prioritize the released resource for a UE’s subsequent transmission of a new TB, this resource should be among the identified candidate resources within the resource selection window in Step 1 of the resource (re-)selection procedure of this new TB. This is to ensure the released resource meets the QoS requirement for this UE’s subsequent transmission. Since the Step 1 is performed in physical layer, the UE should be able to tell whether a reserved resource has been released by monitoring the PSFCH of and/or decoding the TB in resource#1 in its physical layer procedure. The released resource should only be included in the identified candidate resource if it meets the QoS requirement and the release status is aware by the UE. 
In order to utilize the benefit that less chance of collision on the released resource, the UE should be able to distinguish the released resource from the identified candidate resources in the Step 2 of the resource (re-)selection procedure. As a result, the UE can preferably select the release resource if it’s available. Moreover, since the subsequent transmission may not have same size as the previous transmission, the released resource can be partially used, solely used, or used conjugately with other contiguous resources.
Observation: Tx UE of the original resource in unicast/groupcast can know the future reserved resource can be released by PSFCH. Rx UE(s) of the original resource in unicast/groupcast can know the future reserved resource can be released by BSR and PSFCH.
Proposal 4: The released resource should be preferably selected during the Step 2 of the resource (re-)selection procedure, if the released resource is not excluded from the identified candidate resources in Step 1. The released resource can be partially used, solely used, or used conjugately with other contiguous resources.

Slot aggregation
Following was agreed in RAN1#98.
	Agreements:
· In Mode-2, SCI payload indicates sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s) 
· SL minimum resource allocation unit is a slot
· FFS whether when the resource allocation is multiple slots, the slots can be aggregated
· FFS whether in case of multiple slots, the indicated slots are contiguous or not



In above, one of the remaining FFSs is whether the slots can be aggregated or not. Our view is semi-static slot aggregation per resource pool should be supported. In other words, the resource allocation time unit in sidelink should be (pre-)configurable. More specifically, the operation like 1 resource allocation would be 1 slot in 15 kHz SCS, 2 slots in 30 kHz SCS and 4 slots in 60 kHz should be supported. When less than 1ms resource allocation size is not required for the latency, using higher SCS but to keeping the longer aggregated resource allocation size like 1ms in a resource pool can reduce the overhead caused by AGC and Tx/Rx switching symbols as these are affected by the symbol length. 
Dynamic slot aggregation has been proposed. One example is if the size of TB is larger, multiple slots would be aggregated and the aggregated slots would be treated as a unit temporary. While achieving that the larger TB is transmitted in larger resources, it causes more complexity on sensing procedure as the resource allocation boundary varies time to time and frequent to frequency. Therefore, we don't support such dynamic slot aggregation.
Our understanding is the second FFS is concluded as the time resource indicated by a SCI can be any slots within 32 slots, which means the contiguous slots are also supported.
Proposal 5: Slot aggregation based on (pre-)configuration per a resource pool should be supported. 
Proposal 6: Dynamic slot aggregation should not be supported. 

Pre-emption mechanism clarifications
Pre-emption mechanism was agreed in RAN1#98bis.
	Agreements:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details



As a pre-emption mechanism, a resource reserved for lower priority transmission can be used for another transmission which has higher priority. The decision criterion would be SCI for corresponding transmissions, SL-RSRP measurement results and SL-RSRP threshold of the corresponding SL resource. 
There are three FFS points in the agreement above. The 1st FFS is regarding the timeline for the reselection. This is addressed in proposal 1.
For the 2nd FFS, our view is no additional UE behavior would be needed like power boosting/reduction. 
Proposal 7: Power boosting/reduction related to pre-emption is not required.

In LTE, initial transmission and re-transmission are belonging to a same single sidelink grant at MAC and resource sensing/selection are combined. In NR, pre-emption was agreed and PSCCH is always sent together with PSSCH. Therefore, we propose to clarify that sensing and (re)selection procedure are carried out for each grant(= each PSCCH) regardless of initial transmission or (re)-transmission. This would simplify the UE behaviour
Proposal 8: Sensing and resource selection procedure are applied independently for initial transmission and re-transmission, i.e., different grants from higher layer

Remaining details of re-evaluation of Step 1 and Step 2
The following was agreed in the RAN1#98b 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




In LTE, the setting formula of SL-RSRP threshold during sensing procedure is common for transmissions with different priorities, and the SL-RSRP threshold are increased until to reach 20% of the candidate resource without any limitation of the number of increments of SL-RSRP threshold. 
SL-RSRP threshold determines how spatially closed resource are reused between different transmissions. If SL-RSRP threshold is too high to reach X% resource size, it may not have reliable transmission because two transmissions can interfere each other. Therefore, in order to have reliable transmission, the maximum allowed SL-RSRP threshold even if not reaching X%, should be (pre)configured. Based on the pre-emption, the higher priority transmission can use the resource reserved by lower priority SCI. The maximum allowed SL-RSRP threshold should be configured per each priority level.
Using maximum SL-RSRP threshold per priority, we propose following design.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed SL-RSRP threshold.
By using above design, high priority transmission is more protected than low priority transmission while the keeping the reliability of maximum SL-RSRP threshold. 
Maximum SL-RSRP threshold is equivalent to how many times SL-RSRP threshold can be increased. Therefore, above design can be written in the following.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed number of SL-RSRP threshold increments for priority ‘A’ SCI
The maximum allowed number of SL-RSRP threshold increments for priority ‘A’ SCI " needs to be (pre)configured.
[bookmark: _Hlk24121124]Proposal 9: The step 1 of the resource (re-)selection procedure is either of following principles.
[bookmark: _Hlk32491084]- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed SL-RSRP threshold.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed number of SL-RSRP threshold increments for priority ‘A’ SCI.

For a UE performing re-evaluation and re-selection of resources for transmission, the new selection window will very likely have less candidate resources comparing with the previous selection window of [n+T1, n+T2]. Put it more generally, when PDB limitation is close to the current timing, there might not be enough resource corresponding to X%. 
Observation: To use the X% limitation even in case PDB limitation is close to the current timing can increase SL-RSRP threshold unnecessary. To select the random selection within X% can be unreasonable in such condition. Some correction would be required.

Conclusion 
In this contribution we discussed on resource allocation mechanism for mode 2. Based on the discussions, followings observation and proposals are made: 
Proposal 1: The re-evaluation procedure on resource m is not required to be triggered, if the time difference between resource m and the time to receive the reserving SCI corresponding to resource m is shorter than the value K. 
· The value K should be be larger than or equal to the sum of expected UE decoding time of SCI and re-evaluation time.
· K is proposed as 1 slot. We are also ok with 2 slots if necessary.
Proposal 2: A mixed blind and feedback-based approach is supported. PSCCH in each PSSCH transmission indicates the request of the feedback.
Proposal 3: The pre-emption is carried out solely based on the priority field on the SCI regardless whether the corresponding PSSCH is correctly received or not.
Observation: Tx UE of the original resource in unicast/groupcast can know the future reserved resource can be released by PSFCH. Rx UE(s) of the original resource in unicast/groupcast can know the future reserved resource can be released by BSR and PSFCH.
Proposal 4: The released resource should be preferably selected during the Step 2 of the resource (re-)selection procedure, if the released resource is not excluded from the identified candidate resources in Step 1. The released resource can be partially used, solely used, or used conjugately with other contiguous resources.
Proposal 5: Slot aggregation based on (pre-)configuration per a resource pool should be supported. 
Proposal 6: Dynamic slot aggregation should not be supported. 
Proposal 7: Power boosting/reduction related to pre-emption is not required.
Proposal 8: Sensing and resource selection procedure are applied independently for initial transmission and re-transmission, i.e., different grants from higher layer
Proposal 9: The step 1 of the resource (re-)selection procedure is either of following principles.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed SL-RSRP threshold.
- when priority ‘A’ transmission is intended, trying to obtain the resource indicated by priority ‘A’ or lower priority SCI as much as possible until reaching X% or reaching the maximum allowed number of SL-RSRP threshold increments for priority ‘A’ SCI.
[bookmark: _GoBack]Observation: To use the X% limitation even in case PDB limitation is close to the current timing can increase SL-RSRP threshold unnecessary. To select the random selection within X% can be unreasonable in such condition. Some correction would be required.

Reference
[1] Draft Report of 3GPP TSG RAN WG1 #99 v0.1.0 (Reno, USA, 18th – 22nd November 2019)
[2] Final Report of 3GPP TSG RAN WG1 #98bis v2.0.0 (Chongqing, China, 14th – 20th October 2019)
[3] RP-193198: Task list for 5G V2X in RAN1#100, LG Electronics
[4] R1-1908804: Discussion on sidelink resource allocation in mode 2 for NR V2X, Panasonic
[5] R1-1912753: Discussion on sidelink resource allocation in mode 2 for NR V2X, Panasonic



4

1
3GPP
image1.emf
Resource m

SCI B

SCI A

Reserve the resource m

Reserve the resource m

Priority are compared related 

to resource m

SCI decoding

time

Re-evaluation

time

1 slots

Selection window Sensing window


Microsoft_Visio_Drawing.vsdx
Resource m
SCI B
SCI A
Reserve the resource m
Reserve the resource m
Priority are compared related to resource m
SCI decoding
time
Re-evaluation
time
1 slots
Selection window
Sensing window



image2.png
Reservation for HARQ retransmission

PSSCH#1 PSSCH#2 |
of TB#1 j of TB#1 :

Resource#l Resource#2





