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Introduction
The WID [1] has been agreed in RAN#89e for study on NR sidelink enhancement, which has the following objectives: 
	2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.
· Study the feasibility and benefit of solution(s) on the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution(s) if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after RAN#89.
3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE


In RAN2 #113e meeting [2], some agreements have been made, relating to HARQ RTT and HARQ retransmission timer, as follows.
	Agreements:
· HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported.
· FFS whether HARQ RTT is explicitly configured or can be based on SCI.
· FFS on the need of HARQ retransmission timer.
· HARQ RTT is supported in SL groupcast. FFS for the detailed condition when it is supported.
· FFS whether HARQ RTT is explicitly configured or can be based on SCI.
· FFS on the need of HARQ retransmission timer.


In addition, in RAN2 #113be meeting [3], we have a working assumption on SL HARQ RTT timer, that
	Working Assumption:
· SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource. FFS whether explicitly configured SL HARQ RTT timer may be still required. If big problem is identified next meeting, we can revisit it.


In this contribution, we express our views on the DRX configuration, and discuss how the DRX configuration impacts on RAN1, and what the possible solutions are from the RAN1 and RAN2 perspectives.
Discussion
In TS 38.212 [4], SCI format 1-A is used for the scheduling of PSSCH and 2nd-stage-SCI on PSSCH, where the following information related to the resource reservation is included
· Frequency resource assignment – bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise  bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 of TS 38.214 [6].
· Time resource assignment – 5 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 2; otherwise 9 bits when the value of the higher layer parameter sl-MaxNumPerReserve is configured to 3, as defined in clause 8.1.5 of TS 38.214 [6].
· Resource reservation period –  bits as defined in clause 16.4 of TS 38.213 [5], where  is the number of entries in the higher layer parameter sl-ResourceReservePeriodList, if higher layer parameter sl-MultiReserveResource is configured; 0 bit otherwise.
Relying on the 1st and 2nd parameters of resource assignment above, the retransmission resources with the maximum number of 2 can be reserved by the initial transmission, whereas relying on the 3rd parameter, the next initial TB can be periodically reserved for periodic traffic transmission.
[bookmark: _Ref71278053]Relying on the different parameters in the 1st stage SCI, the retransmission resources with the maximum number of 2 and the next initial transmission resource can be reserved.

It is the resources reserved and potentially used by Tx-UE for retransmission and/or next initial transmission that Rx UE(s) are aware of a priori. This unique reservation feature is inherited from LTE-V2X and enhanced in NR-V2X, that makes the reservation chain between Tx UE and Rx UE, and results in a less resource collision during the resource allocation procedure. This feature, no doubt, can be beneficial for sidelink power saving and should not be ignored in sidelink DRX operation.
[bookmark: _Ref71278088]The resource reservation information in the 1st stage SCI should be taken into account in sidelink DRX operation.

Impact of Retransmission Reservation
As we discussed, the potential SCI based retransmission mechanism is specified in TS38.214 [6], that the initial transmission reserves the resources for retransmission. Relying on this property, we believe, the DRX operation in the (re)transmission and the reception can be efficiently realized, that the Tx-UE can transmit the initial TB in On-Duration and alternatively retransmits the TB in Off-Duration. As an active time, accordingly, the Rx-UE(s) monitors PSCCHs in On-Duration for its initial TB reception as well as in the slots where the resources have been reserved in Off-Duration for its retransmission, as illustrated in Figure 1. Obviously, this SCI-based HARQ mechanism can keep the DRX On-Duration short and make power saving more efficient.
General speaking, a Tx-UE is able to transmit the initial TB in any active time (e.g., On-Duration and inactivity time), and the relevant retransmission could be delivered in Off-Duration. Note that, Off-Duration is defined as the time other than On-duration, which consists of both active and inactive times. In the discussion above, the time slot reserved for retransmission in Off-Duration belongs to active time, which is derived/extended from the reception of SCI in the initial transmission. Precisely speaking, therefore, the active time in which the initial TB can be transmitted does not include the active time derived/extended from the initial TB reception.

[image: ]
[bookmark: _Ref67509702]Figure 1: DRX based SL initial transmission and retransmission.

[bookmark: _Ref67669137]The initial TB should be transmitted in active time (e.g., On-Duration) and its retransmission can be alternatively performed in Off-Duration.

In RAN2 #113be meeting [3], the agreements related to SL HARQ RTT timer have been made as follows:
	· SL HARQ RTT timer and SL HARQ retransmission timer are maintained per SL HARQ process at the RX UE.
· The value(s) of the SL HARQ RTT Timer, when explicitly configured and not determined via SCI (if agreed to do so), is determined by UE or NW implementation.
· For transmissions with HARQ feedback, the RX UE starts the SL HARQ RTT timer in the symbol/slot following the end of PSFCH transmission.
· If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g., due to UL/SL prioritization) the RX UE still starts the HARQ RTT timer in the symbol/slot following the end of PSFCH resource.


Accordingly, we can conclude that most of specification issues relevant to SL HARQ RTT Timer are solved, except for the value(s) of the SL HARQ RTT Timer that should be discussed when it is determined via SCI.
In consideration of HARQ timer design, one property in SL resource reservation should be emphasized that, the retransmission resource in general is reserved by the SCI in the previous transmission. This, indeed, is a different behaviour from the Uu where the Rx UE does not aware of the resource until detecting the PDCCH corresponding to the retransmission data. Therefore, utilizing this SL unique property in HARQ timer design is quite natural, whereas simply mimicking the timer uses from Uu perhaps incurs somewhat issues of unefficient power comsumption.
[bookmark: _Ref67668987][bookmark: _Ref71278059]Simply mimicking the timer uses from Uu perhaps incurs somewhat issues of inefficient power consumption when the resource reservation is ongoing in the 1st stage SCI.
[bookmark: _Ref67669136]The unique property in SL resource reservation should be considered in SL HARQ RTT timer design.

Therefore, we believe that, if the 1st stage SCI reserves the retransmission resource, the Rx UE should derive its HARQ RTT timer based on the reserved information. The value of HARQ RTT timer should be equal to or less than the time between the slot following the end of PSFCH transmission and the slot reserving the retransmission.
[bookmark: _Ref71278093]Rx UE derives the HARQ RTT timer based on the reserved information in the 1st stage SCI, and the timer value should be equal to or less than the time between the slot following the end of PSFCH transmission and the slot reserving the retransmission.

In RAN2 #113be meeting [3], the agreements related to HARQ retransmission timer have been made as follows:
	· SL HARQ RTT timer and SL HARQ retransmission timer are maintained per SL HARQ process at the RX UE.
· For unicast, sidelink retransmission timer can be supported for at least some cases of HARQ disabled transmissions. FFS whether HARQ RTT is supported or not.
· For cases where there is some uncertainty in the timing of a retransmission for a HARQ process (e.g., due to no retransmission resource indicated in the SCI, or possible reselection by the TX UE) the RX UE uses a configured retransmission timer.
· Retransmission timer can be started upon expiry of the HARQ RTT timer.
· The value(s) of the SL retransmission timer can be determined by UE or NW implementation.


In terms of HARQ retransmission timer, if the Rx UE cannot detect the retransmission data, it sequentially starts the HARQ retransmission timer. Therefore, this properly works at least when no resource revaluation and/or pre-emption occur, or the relevant functions are disabled.
In TS38.214 [6], the following specification is related to the resource revaluation and/or pre-emption.
	· If the higher layer requests the UE to determine a subset of resources from which the higher layer will select resources for PSSCH/PSCCH transmission as part of re-evaluation or pre-emption procedure, the higher layer provides a set of resources which may be subject to re-evaluation and a set of resources which may be subject to pre-emption.
· it is up to UE implementation to determine the subset of resources as requested by higher layers before or after the slot  - , where  is the slot with the smallest slot index among and , and  is equal to , where  is defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BWP.
· Selection of  is up to UE implementation under   , where  is defined in slots in Table 8.1.4-2 where  is the SCS configuration of the SL BW.



In case that the re-evaluation/pre-emption is enabled in the resource pool, the newly reselected resource triggered by the re-evaluation/pre-emption procedure could be prior to or posterior to the reserved resource. As exemplified in Figure 2, Tx UE delivers a TB in slot-0, and reserves a resource in slot-2 for its retransmission. If the reserved resource in slot-2 is pre-empted by the other Tx UE who is urgently sending a data with the higher priority, the Tx UE has to reselect the resource prior to or posterior to the reserved resource. 
[image: ]
[bookmark: _Ref68167213]Figure 2: The resource reselection due to the pre-emption, incurring the miss-reception issue.
In the example, if the reselected resource in the slot-3 is posterior to the slot-2, there is no problem to recover the reservation chain once a retransmission timer is triggered after monitoring the slot-2. If the reselected resource in the slot-3 is prior to the slot-2, however, the problem occurs, where the Rx-UE cannot receive the retransmitted data, incurring the miss-reception issue.
[bookmark: _Ref67668994]If the reselected resource is prior to the reserved resource, the reservation chain will be broken, and the retransmitted data cannot be received, incurring the miss-reception issue.

Thus, we need to rethink about the SL HARQ timer design if the SCI-based HARQ timer is in use, such that, how both timers should be set, and/or what restriction should be taken in the procedure of resource revaluation and/or pre-emption.
The simplest way seems to disable the functions of resource revaluation and pre-emption once the SCI-based HARQ timers are in use in the DRX cycle. It properly works with Rel-17 Tx UEs, but it seems not workable with Rel-16 Tx UEs, because Rel-16 Tx UEs are not under the control once DRX feature is ongoing.
[bookmark: _Ref67668996]Rel-17 Tx UE can disable the functions of resource revaluation and pre-emption, but it seems not to overcome the miss-reception if Rel-16 Tx UE is still functioning the resource revaluation and/or pre-emption.

Another solution, by RAN1 effort, is to specify some restriction on the resource allocation procedure. That means, Tx-UE is prohibited to reselect the resource prior to the slot where the resource has been reserved. It can be simply overcome by setting the selection window, beginning from the slot where the resource has been reserved.
[bookmark: _Ref71278063]The miss-reception issue is possibly overcome by specifying the restriction on the resource allocation procedure.
[bookmark: _Ref67669144]RAN2 kindly asks RAN1 to consider the issue of the miss-reception on the resource reselection if the resource revaluation and/or pre-emption are enabled. Details is up to RAN1.
a. [bookmark: _Ref67670680]RAN2 sends an LS to RAN1 for feedback (see Annex).

As a RAN2 solution, alternatively, we propose a warm-up window-based mechanism to adjust the both HARQ timers, as illustrated in Figure 3. It is assumed that, the reservation interval between two neighbour resources is , and the warm-up window is  which is defined as a time between the starting time for HARQ retransmission timer and the beginning time of the slot where the resource has been reserved by the previous transmission. According to both time parameters, Rx-UE can derive the HARQ RTT timer value, which is equal to , where  is the time gap between PSSCH and PSFCH, (pre)-configured per resource pool. The determination of , in addition, can be dependent on  and , both defined in TS 38.214 [6]. Note that, the value setting for HARQ retransmission timer should be much longer than the warm-up window , and specially,  can be set to zero.
This is in line with what we proposed in the Proposal 4, that Rx UE derives the HARQ RTT timer based on the reserved information in the 1st stage SCI, and the timer value should be equal to or less than the time between the slot following the end of PSFCH transmission and the slot reserving the retransmission..
The advantage of introducing the warm-up window as a pure RAN2 solution is to completely avoid the RAN1 impact on the resource (re)-selection. Thus, all the specification effort will be done in RAN2.
[bookmark: _Ref67669146]Relying on the SCI-based resource reservation, RAN2 studies the determination mechanism for HARQ RTT timer by setting the warm-up window.

[image: ]
[bookmark: _Ref67513976]Figure 3: A warm-up window-based mechanism to relax the both HARQ timers.

We believe that, therefore, relying on RAN1 and/or RAN2 solutions in conjunction with the SCI-based HARQ timers, the miss-reception issue due to the re-evaluation and/or pre-emption can be potentially solved.
It implies that, Rx UE derives the HARQ RTT timer based on the reserved information in the 1st stage SCI, Rx UE starts the SL HARQ RTT timer in the symbol/slot following the end of PSFCH transmission and stops the timer before the slot where the retransmission resource has been reserved. If the pre-emption occurs, relying on the SCI-based resource reservation information, the warm-up window-based mechanism can be used, and the both HARQ timers can be involved to handle the pre-emption case.
[bookmark: _Ref71278100]RAN2 confirms the following working assumption.
b. [bookmark: _Ref71278404]SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource.

Impact of Initial Packet Resource Reservation
In RAN2 #113be meeting [3], the agreements related to the active time have been made as follows:
	· The SL active time of the RX UE includes the time in which any of its applicable sl-drx-OnDuration(s), sl-DRXInactivityTimer(s), or sl-drx-RetransmissionTimer(s) are running.
· Working assumption: The slots when the UE is expected CSI report following a CSI request is considered as SL active time.
· RAN2 assumes LCP enhancements for ensuring a TX UE transmits data in the active time of an RX UE are needed. FFS on the resource (re)selection enhancements (e.g. limiting the resources to the active time for peer UE).



The initial packet transmission could be either periodic transmission or aperiodic transmission. In a periodic transmission with DRX operation, it is not easy for Tx UE to precisely align a periodic TB transmission with sidelink DRX cycle due to the variety of the periodicity in services. Keeping the periodic transmission occasion only in DRX On-Duration seems not feasible in practice. Therefore, in addition to the active times agreed above, we need to think of the slot monitored as active time, which is reserved for initial periodic TB transmission in Off-duration.
In the specification of TS 38.214 [6], the parameter of resource reservation period are mainly used for periodic initial TB transmission. Thanks to the similarity of chain-based reservation property as discussed in the retransmission scenario, we believe that, by means of the SCI format 1-A, the Tx-UE can reserve the periodic resources without consideration of whether the resource is in On-Duration or in Off-Duration, as long as the 1st initial transmission is transmitted in On-Duration. This enables the realization of reservation chain throughout the service. In order to maintain a reliable reservation chain, nevertheless, the Tx UE should strive to transmit the initial TB in active time (e.g., On-Duration) as much as possible, by controlling the resource reselection parameter of SL_RESOURCE_RESELECTION_COUNTER and/or reusing retransmission timer / inactivity timer, for instance. By doing this way, Tx UE can transmit the periodic TB which is not even aligned with the sidelink DRX cycle in the DRX configuration.
Consequently, the Rx-UE captures the 1st TB in On-Duration, and then, deduces the periodicity and the associated resources reserved by the field of ResourceReservePeriod, which is optionally configured in the 1st SCI. As an active time, therefore, the Rx-UE is awake to monitor the slots in On-Duration as well as the slots where the periodic resource has been reserved.
Figure 4 gives an example, where the Tx-UE selects the resource for the 1st initial transmission in On-Duration once the service is initiated and keeps reserving the periodic resources for the 2nd and the 3rd initial transmissions. The Rx-UE is awake to decode the PSCCH in the slots of On-Duration as well as in the slots where the periodic resources have been reserved.
In the same example, moreover, since the 3rd initial reservation slot is close to an upcoming On-Duration, the Tx UE makes the resource reselection so that the Tx UE can strive to arrange the initial transmission in the occasion of the upcoming On-Duration. As a result, the Rx UE may have two choices; one is, the Rx UE starts the retransmission timer / inactivity timer after monitoring the slot reserved by the 2nd initial transmission, and the other is, the Rx UE is only awake to monitor the slots in the upcoming On-Duration without any additional action.
[image: ]
[bookmark: _Ref60909927]Figure 4: Resource selection and periodic reservation for initial transmission, and active time for Rx-UE.
[bookmark: _Ref60925059][bookmark: _Ref71287300]For a periodic TB transmission, as active time, the Rx-UE is awake to decode the PSCCH in the slots where the periodic resources have been reserved. FFS for how Tx UE strives to arrange the initial transmission in active time (e.g., On-Duration).

In case of aperiodic services, on the other hand, the Tx UE with the SCI format 1-A does not reserve any resource for its initial transmission. This often occurs due to the unpredictable arrival time for the irregular arrival packet, and thus, there is no maintained reservation chain in between.
Thanks to the DRX configuration, which ensures the minimum PDB towards the ongoing services, the Tx UE, after the packet arrives, can wait for the occasion of active time (e.g., On-Duration) where the transmission resource can be selected. As a consequence, the Rx-UE only need be awake to monitor the slots in active time.
[bookmark: _Ref60925063]For an aperiodic TB transmission, Tx-UE can select the resource in active time (e.g., On-Duration) and Rx-UE only needs be awake to monitor the slots in On-Duration.

Conclusions
[bookmark: _GoBack]In this contribution, we have expressed our views on DRX configuration, and discussed how the DRX configuration impacts on RAN1, and what the possible solutions are from the RAN1 and/or RAN2 perspective. The observations and proposals are as follows:
Observation 1:	Relying on the different parameters in the 1st stage SCI, the retransmission resources with the maximum number of 2 and the next initial transmission resource can be reserved.
Observation 2:	Simply mimicking the timer uses from Uu perhaps incurs somewhat issues of inefficient power consumption when the resource reservation is ongoing in the 1st stage SCI.
Observation 3:	If the reselected resource is prior to the reserved resource, the reservation chain will be broken, and the retransmitted data cannot be received, incurring the miss-reception issue.
Observation 4:	Rel-17 Tx UE can disable the functions of resource revaluation and pre-emption, but it seems not to overcome the miss-reception if Rel-16 Tx UE is still functioning the resource revaluation and/or pre-emption.
Observation 5:	The miss-reception issue is possibly overcome by specifying the restriction on the resource allocation procedure.

Proposal 1:	The resource reservation information in the 1st stage SCI should be taken into account in sidelink DRX operation.
Proposal 2:	The initial TB should be transmitted in active time (e.g., On-Duration) and its retransmission can be alternatively performed in Off-Duration.
Proposal 3: 	The unique property in SL resource reservation should be considered in SL HARQ RTT timer design.
Proposal 4: 	Rx UE derives the HARQ RTT timer based on the reserved information in the 1st stage SCI, and the timer value should be equal to or less than the time between the slot following the end of PSFCH transmission and the slot reserving the retransmission.
Proposal 5: 	RAN2 kindly asks RAN1 to consider the issue of the miss-reception on the resource reselection if the resource revaluation and/or pre-emption are enabled. Details is up to RAN1.
a.	RAN2 sends an LS to RAN1 for feedback (see Annex).
Proposal 6: 	Relying on the SCI-based resource reservation, RAN2 studies the determination mechanism for HARQ RTT timer by setting the warm-up window.
Proposal 7: 	RAN2 confirms the following working assumption.
a. 	SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource.
Proposal 8: 	For a periodic TB transmission, as active time, the Rx-UE is awake to decode the PSCCH in the slots where the periodic resources have been reserved. FFS for how Tx UE strives to arrange the initial transmission in active time (e.g., On-Duration).
Proposal 9: 	For an aperiodic TB transmission, Tx-UE can select the resource in active time (e.g., On-Duration) and Rx-UE only needs be awake to monitor the slots in On-Duration.
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Annex: LS to RAN1
[bookmark: OLE_LINK205][bookmark: OLE_LINK206]1. Overall Description:
[bookmark: OLE_LINK203][bookmark: OLE_LINK204]RAN2 discussed the HARQ RTT timer and HARQ retransmission timer once SCI-based HARQ mechanism is taken into account in HARQ timer design. In the DRX cycle, the Rx UE starts HARQ RTT timer after receiving the PSSCH transmission and stops the timer before the slot where the retransmission resource has been reserved. Then, the Rx UE starts the HARQ retransmission timer if the Rx UE cannot detect the retransmission data in the reserved resource.
In case that the re-evaluation/pre-emption is enabled in the resource pool, the newly reselected resource triggered by the re-evaluation/pre-emption procedure could be prior to or posterior to the reserved resource. If the reselected resource is posterior to the slot where the retransmission resource has been reserved, there is no problem to recover the reservation chain once a retransmission timer is triggered after monitoring that slot. If the reselected resource is prior to the reserved slot, however, the problem occurs, where the Rx-UE cannot receive the retransmitted data, incurring the miss-reception issue.

2. Actions:
To RAN1:
ACTION: RAN2 respectfully asks RAN1 to check above issue and inform RAN2 about the seriousness of the issue, and the possibility of considering RAN1 solution.

3. Date of Next TSG WG RAN1 Meetings:
TSG-RAN1 Meeting#106-e		August 16 – 27, 2021			Online
TSG-RAN2 Meeting#115-e		August 16 – 27, 2021			Online
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