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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we provide further analysis and proposals on MAC left issues of SL DRX. The issues include:
· LCP enhancement due to DRX. We suggest that the LCP enhancement should not be adopted for Rel-16 services.
· RAN2 impact on Resource (re)selection. We discuss about the information from MAC to PHY and suggest MAC should prioritize to select the resources in subset whose resources are within indicated active time.
· Equations of sl-drx-Startoffset and sl-drx-SlotOffset. We discuss the preferred equations for both parameters respectively.
· On-duration timer selection in groupcast/broadcast. We suggest to select the shortest DRX cycle first and to select the on-duration timer associated with it.
· Impact of SL HARQ RTT Timer. We discuss how to handle SL HARQ RTT Timer when resource revaluation and pre-emption happens, and the impact brought to RAN1.
2. Discussion
2.1 LCP enhancement due to DRX
In RAN2 #113bis-e meeting, it was agreed that:
	RAN2 #113bis-e Agreements on details of timer
29: 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).


[bookmark: _Ref85731981]Further in the email discussion [POST116-e][716][1], the LCP procedure is further discussed and one unanimous proposal is reached as follows:
(19/19) Proposal 14: Tx UE should select a destination associated with an Rx UE that is in SL active time for the SL transmission occasion in SL LCP. 
However, based on this proposal, another issue needs to be discussed that while we introduce enhancement to LCP procedure, sometimes the enhancement is not needed, because the UE may not apply DRX for some services, e.g. R16 services. Therefore, we may need to add restrictions to the proposal above. E.g. If the DRX is not applied due to upper layer indication (e.g. TX profile), the destination(s) which is NOT associated with any Rx UE that is in SL active time, should NOT be excluded. This issue needs to be discussed, and therefore we propose:
[bookmark: _Ref85731983]Proposal 1: LCP enhancements  for ensuring a TX UE transmits data in the active time of an RX UE are not applied when the DRX is not operated on related Destination(s).
2.2 RAN2 impact on Resource (re)selection
In RAN2 #116e meeting[2], it was agreed that:
	· TX UE shall select initial transmission resource only in the RX UE’s active time where SL DRX timers are running now or will be running in future (at least on-duration timer). Further details of active time can be considered later. FFS on spec impact.
· If RAN 2 agrees that TX UE shall select initial transmission resource only in the RX UE’s active time, it is applied for all cast types.
· For each SL grant, the grant is used if it is in active time of at least one destination; otherwise the grant is skipped.
· MAC indicates the active time information to PHY.
· It is up to RAN1 to select an option.
· We will send LS to inform RAN1 of the related agreements from this offline discussion [706].


In the email discussion [1], this issue was further discussed. A number of companies think that the detailed information from MAC to PHY can be left to UE implementation, but this has huge impact on RAN1 and also the spec impact would be much different whether we leave it all to UE implementation or we specify something. Here we are going to discuss this issue a bit more.
Firstly, no matter what information is provided from MAC to PHY, it should be clarified at which timing these information is provided. E.g. if the MAC layer provides current active time to PHY layer, it can provide it when trigger resource (re)selection, or, it can also provide current active time when inactivity timer starts to be running which make the ‘current active time’ changes. In other words, it should be clarified that whether the ‘resource (re)selection’ and ‘providing current active time’ is always coupled or they can be independent in some way (in the sense of the timing to happen). Especially when the ‘current active time’ changes during resource (re)selection procedure, it can be discussed whether PHY layer should be informed timely or should only be informed at the time to trigger next resource (re)selection. 
[bookmark: _Ref92733129]Proposal 2: RAN2 to discuss the timing when MAC layer should indicate active time to PHY layer, e.g. :
· When DRX configuration is changed
· When resource (re)selection is triggered
· When current active time is changed
Secondly, in RAN1 it was agreed that:
	Agreement
When SL DRX active time of Rx-UE is provided by the higher layer for candidate resource selection (including resource (re)selection and re-evaluation/pre-emption checking), the following working assumption is confirmed with option 2 as agreement (with modification in RED)

Working Assumption (RAN1#106bis-e)
When PHY layer is indicated with an active time of RX UE from MAC layer for candidate resource selection, a restriction is applied in PHY layer so that at least a subset of candidate resources reported to MAC layer is located within the indicated active time of the RX UE. The following options will be further discussed in RAN1 to restrict resources for candidate resource selection taking into account the indicated active time from MAC layer:
· Option 1: PHY layer selects and reports candidate resources only within the indicated active time of the RX UE
· Option 2: PHY layer selects and reports candidate resources in which at least a subset of the candidate resources is within the indicated active time of the RX UE
· FFS: Details on when the number of subsets of candidate resource is less than the threshold
· FFS: The subset of candidate resource outside of the active time should consider each inactive time period
· FFS: UE selection of resource selection window to overlap with indicated RX UE active time
· FFS: Whether it is up to UE implementation to report candidate resources only within the indicated active time of the RX UE
Option 3: PHY layer selects and reports an additional candidate resource set of candidate resources within the indicated active time of the RX UE


It is clear that option-2 is agreed. However, as there are only a ‘subset’ of the candidate resources is within the indicated active time, if the number of candidate resources is too small, it may have huge impact on MAC layer when finally MAC performs resource (re)selection, e.g. not enough resources can be possible to be selected when considering current active time. Therefore, the ratio of resources which are within the indicated active time should be ensured and controlled by upper layer. We propose:
[bookmark: _Ref92733130]Proposal 3: MAC layer indicates the ratio threshold that needs to be satisfied for candidate resources provided by PHY to be within indicated active time, to ensure there are enough resources applicable for MAC layer to select. 
And because only a subset of the candidate resources is within the indicated active time, it seems the current resource (re)selection procedure likely needs some update, because now it seems more preferable to select resources in that ‘subset’ as the resource inside is within the indicated active time. Otherwise, the selected resources may be dropped later because they are not in any active time.
Let’s assume the two subsets are subset-1 and subset-2, where the former is within indicated active time, and the latter not.


It should be discussed how the MAC layer to select resources in both subsets. E.g. the MAC layer can prioritize to select resources in subset 1 because they can be used for sure. For subset 2, it can be FFS when resources in subset 2 can be selected, e.g. when the resource in subset 1 is not enough, etc.
[bookmark: _Ref92733131]Proposal 4: RAN2 to agree that MAC layer should prioritize to select resources in subset 1 for initial transmission and retransmission.
[bookmark: _Ref92733132]Proposal 5: RAN2 to discuss whether/when MAC layer can select resources in subset 2 for initial transmission and/or retransmission.
2.3 sl-drx-Startoffset and sl-drx-SlotOffset
(1) sl-drx-Startoffset
In RAN2 #116e meeting, when discussed about how to calculate sidelink DRX start time, the following agreements are reached:
	9: RAN2 to select one of the following options to determine the sl-drx-startoffset:
Option-1: 
- n=DST L2 ID MOD N, where N is the total number of sl-drx-startoffset values, and n is an index in the N sl-drx-startoffset values.  
Option-5: 
- sl-drx-StartOffset (ms) = DST L2 ID MOD sl-drx-LongCycle (ms)
- FFS: sl-drx-SlotOffset
10: For groucast and broadcast, sl-drx-SlotOffset is also set based on DST L2 ID (i.e., similar to sl-drx-StartOffset)


According to the discussion in the email thread-716[1], it seems that both options are workable, but we believe that Option-5 is simple, while Option-1 needs more additional specification works. Here, we mainly describe what additional specification efforts are needed in Option-1.
When we expect to deploy the GC/BC services to V2X UEs with N multiple QoS profiles associated with a DST L2 ID, we have to determine N specific sl-drx-startoffset values first. This incurs the issue how to manipulate each specific sl-drx-startoffset value for each QoS profile in order to avoid the overlapping on DRX duration, which is not yet determined in RAN2 so far.
[bookmark: _Ref92733112]Observation 1: Option-1 needs to determine each specific sl-drx-startoffset value for each QoS profile, which is not yet determined so far.
According to GC/BC mode V2X over PC5[3], each V2X UE is aware of the DST L2 ID prior to joining the GC/BC services. However, we are not sure that all V2X UEs, who are expecting to use a DST L2 ID for the services, always align the configuration of sl-drx-StartOffsets associated with N QoS profiles.
[bookmark: _GoBack]For example, if a new V2X UE wants to join the groupcast service, that UE must be aware of all the sl-drx-StartOffsets (including N). Otherwise, it may incur some mismatching problem. For this, RAN2 needs somewhat additional discussions, and perhaps the confirmation with SA2 as well.
[bookmark: _Ref92733114]Observation 2: Option-1 requires the alignment of all sl-drx-startoffset values for all QoS profiles, which may need to have the additional discussions in RAN2, as well as the confirmation with SA2.
In RAN2 #116 e-meeting[2], the agreement on the down-selection of the inactivity timer has been made as follows:
	· For GC, when performing the down-selection of the inactivity timer, select the inactivity timer whose inactivity timer length is the largest one (among multiple ones for the corresponding L2 id) as the selected inactivity timer.
· Working assumption: Option2 (Need of down-selection for DRX cycle and on-duration) for GC/BC when multiple QoS profiles are associated with the same DST L2 ID.


In order to meet the QoS among the different services, the UE is supposed to select the shortest SL DRX cycle. In addition, each sl-drx-StartOffset has to be configured for each QoS, and its value should be always smaller than the length of SL DRX cycle. If we go Option-1, further selection between different value of sl-drx-StartOffset would be needed.
For example, there are two QoS profiles; one is configured with a long DRX cycle, , while the other with a short DRX cycle, , as depicted in Figure 1. For the DRX cycle selection in the DRX deployment, the short DRX cycle is selected due to the overall QoS warranty. Meanwhile, sl-drx-StartOffset-1 associated with QoS profile-1 is determined with the value of , and , while sl-drx-StartOffset-2 associated with QoS profile-2 is determined with the value of , and . According to the equation in Option-1, the longer one (i.e., sl-drx-StartOffset-1) in two sl-drx-StartOffsets could be selected based on the DST L2 ID.
[image: ]
[bookmark: _Ref92207793]Figure 1: An example of determining the DRX cycle with Option-1.
To avoid the misalignment, therefore, we should further introduce the selection of value of sl-drx-StartOffset, i.e. it should be the value associated with the selected shortest DRX cycle.
[bookmark: _Ref92733115]Observation 3: Option-1 requires additional clarification on selection of sl-drx-StartOffset, resulting in more complexity in the specification.
[bookmark: _Ref92733134]Proposal 6: Due to many uncertain specification efforts required in Option-1, RAN2 confirms Option-5 to determine the sl-drx-startoffset.
(2) sl-drx-Slotoffset
For sl-drx-Slotoffset, the following is agreed in RAN2 #116e meeting:
	10: For groucast and broadcast, sl-drx-SlotOffset is also set based on DST L2 ID (i.e., similar to sl-drx-StartOffset).


Similar as the discussion for sl-drx-startoffset, if we want to set sl-drx-Slotoffset also based on DST L2 ID, the simplest way is to use an equation. Similar equation as Option-5 for sl-drx-startoffset can be adopted, which is simple and straightforward. As we agreed that, for UC/GC/BC, the unit of sl-drx-SlotOffset is in multiples of 1/32 ms, the equation can be simple as follows:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]sl-drx-SlotOffset (ms)= 1/32 ◊(DST L2 ID MOD 32)
[bookmark: _Ref92733135]Proposal 7: Introduce the equation to set sl-drx-SlotOffset as follows:
· sl-drx-SlotOffset (ms)= 1/32 ◊ (DST L2 ID MOD 32)
2.4 On-duration timer selection in groupcast/broadcast
In the email discussion of [POST116-e][716][V2X SL] [1], there was a controversial proposal:
Proposal 12: RAN2 should choose between the two options below for down-selection of onduration timer.
· Option 1 (9/19). TX/RX UE determines the onduration timer applied for groupcast/broadcast transmissions associated with a specific L2 destination ID as the maximum on duration timer configured for any of the QoS profiles associated with that L2 destination ID
· Option 2 (8/19). TX/RX UE selects the length of the on-duration timer associated with the same QoS profile of selected DRX cycle.
In our understanding, if option 1 is selected, UE may not have any power saving gains, i.e. always active, especially in the cases that there is a long onDuration timer value. For example, as case 2 in the following figure, when QFI1 has the configuration of 20ms for DRX cycle and 5ms for onDuration and QFI2 has the configuration of 80ms for DRX cycle and 20ms for onDuration, UE will always active if we finally select 20ms for DRX cycle and 20ms for onDuration, i.e. as option 1. Some companies may have concerns about option 2 for QoS degradation. In fact, as case 1 in the following figure, if we select 20ms for DRX cycle and 5ms for onDuration, i.e. as option 2, compared to the original configuration of 80ms for DRX cycle and 10ms for onDuration for QFI2, the delay does not impact QoS requirement of QFI2 since the original average waiting delay of QFI2 reaches 35ms. In one word, option 2 is more power efficient without QoS degradation.


Figure 2: Comparison between option-1 and option-2 to determine on-duration timer
Hence, we propose:
[bookmark: _Ref92733136]Proposal 8: TX/RX UE selects the length of the on-duration timer associated with the same QoS profile of selected DRX cycle.
2.5 Impact of SL HARQ RTT Timer
In RAN2 #116e meeting[2], the agreements related to SL HARQ RTT timer have been made as follows:
	· RAN2 confirms the working assumption: “SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource”.
· One-to-one mapping is needed between Tx and Rx resource pools for derivation of SCI-based RTT timer. We do not need to specify it.
· In case RAN2 pursue the SCI based RTT timer, UE only use the immediately next retransmission resource indicated in SCI to derive a single RTT value.


If the Rx UE detects the resource reservation for the retransmission, it starts the SL HARQ RTT timer immediately and stops the timer before the slot of the reserved resource for the retransmission. However, this properly only works when no resource revaluation and/or pre-emption occur, or the relevant pre-emption functions are disabled.
In TS38.214[4], 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 3, the Tx UE1 delivers a TB in slot-1 for either initial transmission or retransmission and reserves a resource in slot-3 for its retransmission. If the reserved resource in slot-3 is pre-empted by the other Tx UE2 who is urgently sending a data with the higher priority, the Tx UE1 has to reselect the resource prior to or posterior to the reserved resource. 
[image: ]
[bookmark: _Ref68167213]Figure 3: The resource reselection due to the pre-emption, incurring the miss-reception issue.
In the example, if the reselected resource in the slot-2 is posterior to the slot-3, there is no problem to recover the reservation chain once a retransmission timer is triggered after monitoring the slot-3. If the reselected resource in the slot-2 is prior to the slot-3, however, the problem occurs, where the Rx-UE cannot receive the retransmitted data, incurring the miss-reception issue.
[bookmark: _Ref67668994][bookmark: _Ref92218060]Observation 4: 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.
[bookmark: _Ref92218211]Proposal 9: RAN2 further discuss, when pre-emption is allowed, Tx UE does not reselect a resource earlier than the pre-empted resource.
Thus, we need to think about the SL HARQ RTT timer design, how it 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 RTT 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 out of the control once DRX feature is ongoing.
[bookmark: _Ref67668996]Observation 5: 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 somewhat restrictions 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]Observation 6: The miss-reception issue is possibly overcome by specifying the restriction on the resource allocation procedure.
[bookmark: _Ref67669144]Proposal 10: 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.
[bookmark: _Ref67670680]Proposal 11: If proposal 10 is agreed, RAN2 sends an LS to RAN1 for feedback (see Annex).
As a RAN2 solution, alternatively, we introduce a warm-up window-based mechanism to adjust the SL HARQ RTT timer, as illustrated in Figure 4. 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, the Rx-UE can derive the value for running the HARQ RTT timer, 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 [4]. 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.
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]Proposal 12: 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 4: 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.
3. Conclusion
In this contribution, we give further analysis on the MAC left issues of SL DRX.  Based on the discussion, we have the following observations and proposals:
Observation 1: Option-1 needs to determine each specific sl-drx-startoffset value for each QoS profile, which is not yet determined so far.
Observation 2: Option-1 requires the alignment of all sl-drx-startoffset values for all QoS profiles, which may need to have the additional discussions in RAN2, as well as the confirmation with SA2.
Observation 3: Option-1 requires additional clarification on selection of sl-drx-StartOffset, resulting in more complexity in the specification.
Observation 4: 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 5: 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 6: The miss-reception issue is possibly overcome by specifying the restriction on the resource allocation procedure.

Proposal 1: LCP enhancements  for ensuring a TX UE transmits data in the active time of an RX UE are not applied when the DRX is not operated on related Destination(s).
Proposal 2: RAN2 to discuss the timing when MAC layer should indicate active time to PHY layer, e.g. :
· When DRX configuration is changed
· When resource (re)selection is triggered
· When current active time is changed
Proposal 3: MAC layer indicates the ratio threshold that needs to be satisfied for candidate resources provided by PHY to be within indicated active time, to ensure there are enough resources applicable for MAC layer to select.
Proposal 4: RAN2 to agree that MAC layer should prioritize to select resources in subset 1 for initial transmission and retransmission.
Proposal 5: RAN2 to discuss whether/when MAC layer can select resources in subset 2 for initial transmission and/or retransmission.
Proposal 6: Due to many uncertain specification efforts required in Option-1, RAN2 confirms Option-5 to determine the sl-drx-startoffset.
Proposal 7: Introduce the equation to set sl-drx-SlotOffset as follows:
· sl-drx-SlotOffset (ms)= 1/32 ◊ (DST L2 ID MOD 32)
Proposal 8: TX/RX UE selects the length of the on-duration timer associated with the same QoS profile of selected DRX cycle.
Proposal 9: RAN2 further discuss, when pre-emption is allowed, Tx UE does not reselect a resource earlier than the pre-empted resource.
Proposal 10: 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.
Proposal 11: If Proposal 10 is agreed, RAN2 sends an LS to RAN1 for feedback (see Annex).
Proposal 12: Relying on the SCI-based resource reservation, RAN2 studies the determination mechanism for HARQ RTT timer by setting the warm-up window.
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[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 SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource. 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#107b-e		January 17 – 25, 2021			Online
TSG-RAN2 Meeting#116b-e		January 17 – 25, 2021			Online
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