Page 1
3GPP TSG RAN WG1 Meeting #106bis-e	R1-2109036
e-Meeting, October 11th – 19th, 2021

Source:	Fujitsu
Title:	Considerations on partial sensing and DRX in NR Sidelink
Agenda item:	8.11.1.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
During the RAN1#106-e meeting, the following agreements have been achieved w.r.t partial sensing schemes. For periodic-based partial sensing, how to define the periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots is agreed as follow in this meeting.
	[bookmark: OLE_LINK269]Agreement
In periodic-based partial sensing, UE monitoring of periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots subject to processing time restriction is performed as part of resource (re)selection.



Also, the following agreements have been further achieved for contiguous partial sensing during this meeting. 
	Agreement
Conditions in which contiguous partial sensing is performed by UE, when at least all of the followings are met:
· L1 [is expected to be or] is triggered by higher layer to report resources for resource (re-)selection in a mode 2 Tx pool
· FFS: When the trigger will be received by L1
· The resource pool is (pre-)configured to enable partial sensing
· Partial sensing is configured by higher layer in the UE

Agreement
When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) disabled, and a resource (re)selection is triggered in slot n,
· The resource selection window (RSW) is [n+T1, n+T2] where T2 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· On the sensing window [n+TA, n+TB] for CPS,
· Details of TA and TB values based on the agreements from previous RAN1 meetings
· FFS whether and how to define a minimum CPS window size, including (pre-)configurability and the case when TB - TA is smaller than the minimum CPS window size
· FFS whether and how to define a maximum value / upper bound for TB with respect at least to the minimum RSW size and the remaining PDB, including (pre-)configurability
· FFS how a set of candidate resource (SA) is initialized considering candidate single-slot resources, including
· Whether and how to define a minimum size for the RSW (e.g., Rel-16 T2min), including (pre-)configurability
· Whether the set SA is confined within a set of Y candidate slots within the RSW
· UE performs resource exclusion from the set SA based on at least all available sensing results and based on step 6) and 7) of Rel-16 TS 38.214 Sec. 8.1.4
· Note, re-evaluation and pre-emption checking in a resource pool with periodic reservation for another TB (sl-MultiReserveResource) disabled is considered separately.
· FFS: Details on T1 

Agreement
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· The resource selection window (RSW) is [n+T1, n+T2], and T1 and T2 are defined in the same way according to step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· FFS whether UE determines a new set of Y candidate slots within the RSW and monitors corresponding periodic sensing occasions between slot n and the first slot of the new Y candidate slots subject to processing constraints
· FFS how to initialize a set of candidate resource (SA) for the triggered resource (re)selection procedure and which partial sensing scheme(s) and results can be used for resource exclusion in the resource (re)selection procedure
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately

[bookmark: _Hlk80955648]Agreement
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by periodic transmission (Prsvp_TX≠0) in slot n
· A set of candidate resource (SA) is initialized to the set of selected Y candidate slots of PBPS
· UE performs contiguous partial sensing in [n+TA, n+TB] for resource exclusion from the initialized candidate resource set (SA)
· FFS details of TA and TB based on the agreement(s) from previous RAN1 meetings
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately
FFS: The condition under which UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled



For partial sensing-based re-evaluation/pre-emption, there is also a high-level agreement which has been achieved during the meeting with some FFS points.
	[bookmark: _Hlk83563675]Agreement
For a resource pool (pre-)configured with at least partial sensing and UE is configured by its higher layer for partial sensing, 
· Periodic-based partial sensing and contiguous partial sensing schemes are supported for resource re-evaluation and pre-emption checking
· FFS details of partial sensing for re-evaluation and pre-emption checking, including any restrictions / conditions on performing PBPS and CPS, subset of resources, timing, candidate resource set (SA) and etc
· Same as in Rel-16, the higher layer indicates a set of resources and/or a set of resources  for re-evaluation and/or pre-emption checking, respectively
· Pre-emption checking is enabled according to the Release-16 interpretation of sl-PreemptionEnable.
· FFS: If additional enhancements are needed for enabling/disabling
· The triggering of re-evaluation and pre-emption checking is as in R16. 



Moreover, the impact of SL DRX on sensing has also been discussed and it is agreed that the UE can perform sensing during the DRX inactive period.
	Agreement
A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
· FFS: When such reception and measurement is performed, whether it is subject to specification, or is up to UE implementation
· FFS: Other details



In this contribution, we will share some further considerations on either type of partial sensing schemes, respectively. Meanwhile, we also would like to further discuss the impact of SL DRX on sensing and resource selection procedure in this contribution, to resolve some FFSs left over from the agreements of the previous meetings.
Discussion on partial sensing schemes
[bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK9]Remaining details on periodic-based partial sensing
The main purpose of periodic-based partial sensing design is to eliminate interference from other UEs which performing periodic transmission, this is like the mechanism in LTE V2X. Thus, it is agreed that the LTE V2X partial sensing mechanism should be a baseline for periodic-based partial sensing design in Rel-17 sidelink, which can reduce the specification efforts. The enhancement work may only need to be deployed when some features mentioned above cannot be supported by the existing mechanism. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17]In Rel-14 V2X, the maximum HARQ transmission number is 2, whereas in Rel-16 V2X, this number has been extended to 32. If Rel-17 P-UEs also want to support such a larger HARQ transmission number, the issue on partial sensing may arise that, the number of determined candidate slots in the selection window should ensure the target HARQ transmission number. Even though the HARQ transmission number is not noticed to physical layer explicitly, some implicit mapping rule can be made b/w this number and priority value, and/or CBR range, based on implementation. Therefore, we propose that the UE determine the minimum value for Y based on the priority and/or CBR value, from a range of values (pre-)configured in a resource pool.
[bookmark: _Hlk68010552]When performing periodic-based partial sensing, UE should determine the minimum value of “Y” based on the priority and/or CBR value, from a range of values (pre-)configured in a resource pool.

[bookmark: OLE_LINK70][bookmark: OLE_LINK71]Furthermore, when PSFCH is configured for the resource pool, a P-UE should also ensure the HARQ RTT related minimum time gap between any two selected resources of a TB. This timing restriction may have some impacts on the candidate slots determined in the partial sensing procedure. As illustrated in Figure 1, the P-UE selects 9 consecutive slots as its candidate slots. Since a HARQ RTT minimum time gap needs to be guaranteed for HARQ-ACK feedback, some slots (the slots colored as yellow) are not usable. In this case, the actual number of candidate slots is reduced to nearly half in comparison with the original determined number. This results in the number of candidate resources to be limited to a half, accordingly, after the step-1 in the resource selection procedure. As a result, the reliability performance may be degraded due to the limited number of candidate resources. A simple solution to address this issue is to determine a set of candidate slots for each transmission opportunity, with a minimum time gap preserved between any two sets of candidate slots. Note that, the minimum time gap is larger than or equal to the HARQ RTT minimum time gap. 
[image: ]
[bookmark: _Ref51835619]Figure 1: An example of a reduction in candidate slots due to HARQ RTT relate timing restriction.

[bookmark: _Ref52527523]When PSFCH is configured for the resource pool, the impact of the HARQ RTT related timing restriction should also be considered when UE determines the “Y” candidate slots.

[bookmark: OLE_LINK248][bookmark: OLE_LINK249]Contiguous partial sensing
During the previous RAN1 meetings, a short sensing window is introduced to eliminate the interference of co-existing aperiodic transmission in a resource pool. Within the short sensing window, P-UE performs continuous partial sensing can offer enough sensing time to acquire the resource reservation information of aperiodic transmissions. A point to be further studied is condition(s) in which contiguous partial sensing is performed by UE and how the contiguous partials sensing is performed in each condition. An example of the short sensing window is illustrated in Figure 2, where a P-UE which performs partial sensing transmits an periodic packet, since the arriving time can be predicted, the short sensing window should  contain the slots within the range  , where  is the first slot of the “Y” candidate slots.
[image: ]
[bookmark: _Ref68008362][bookmark: _Ref68008341]Figure 2: Partial sensing considering aperiodic transmissions.

Moreover, once a P-UE configured with partial sensing transmits an aperiodic packet, it is not able to predetermine the selection window as well as the short partial sensing window prior to the packet arrival. For the P-UE to sense the sidelink channel where the aperiodic traffic(s) is ongoing, the short partial sensing window can be placed after the packet arrival.
In Rel.16 sidelink, it is possible to configure that both aperiodic and periodic traffics are transmitted in the same resource pool. In this case, the resource reservation for both periodic traffic and aperiodic traffic should be captured by P-UE. Therefore, both periodic-based partial sensing and contiguous partial sensing should be performed by P-UE. Figure 3 exemplifies the case when both long sensing window for periodic-base partial sensing and short sensing window for contiguous partial sensing are considered in partial sensing. Here the P-UE is transmitting aperiodic traffic where short sensing window is triggered after the packet arrival. The short sensing window contains the slots within the range, where   and  are positive integers and .
[image: ]
[bookmark: _Ref79157935][bookmark: _Ref61357587]Figure 3: Partial sensing with both long sensing window and short sensing window.

[bookmark: _Ref61366465][bookmark: _Ref52527503]A P-UE should monitor the slots within a short sensing window for contiguous partial sensing to acquire information of aperiodic reservations in the following conditions:
· [bookmark: OLE_LINK28][bookmark: OLE_LINK29]When the P-UE transmitting periodic traffic, the short sensing window contains the slots within the range , where  is the first slot of the Y candidate slots.
· When the P-UE transmitting aperiodic traffic, the short sensing window contains the slots within the range , where  and  are positive integers and .

[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Re-evaluation/pre-emption

To support the re-evaluation / pre-emption checking, a UE may need to keep monitoring the radio channel until the time T3 before transmission.  In this case, the energy consumption may still be significantly. Therefore, the partial sensing procedure should be enhanced to support re-evaluation / pre-emption checking in a power efficient way. 
One way to operate re-evaluation / pre-emption in consideration of the power efficiency is to reduce the probability to trigger the re-evaluation / pre-emption check procedure. In other words, the potential enhancements to protect P-UE’s resource selection / reservation can be considered. For example, the relative low priority values can be applied to P-UEs’ packets. To be specific, the priority value can be adjusted based on the amount of battery consumed or the number of sensed slots, namely, the more the power consumption / the number of sensed slots, the lower the priority value. When the amount of battery consumed / the number of sensed slots reaches to a certain level, the lowest priority value should be applied. This may offer a high possibility for the P-UE not necessarily to perform the re-evaluation / pre-emption check procedure.
The priority adjustment can be performed either in V2X layer or in SDAP sublayer. In the former, the PC5 QoS parameters can contain the information of the battery consumption level, in addition to PQI, PC5 flow bit rate, PC5 link aggregated bit rate, and range. Based on the battery consumption level, the V2X layer can adaptively map the priority level onto PFI, accordingly. In this case, however, the mapping rule from PFI onto DRB in the SDAP sublayer is remained to be the same. In the latter, contrastingly, the mapping rule from the priority level onto PFI in the V2X layer is kept being the same, while the priority mapping rule in the SDAP sublayer can rely on the battery consumption level. It is worthwhile noting that, with either of the beforementioned priority adjustment mechanisms, the one-to-one priority mapping from LCH onto PHY channel cannot be changed, in general, except that the information of the battery consumption is available in the MAC layer. Moreover, these mechanisms can work properly not only with Rel-17 V-UE/P-UE but also with Rel-16 V-UE, without any backward compatibility issue.
Alternatively, a P-UE can simply stop performing the re-evaluation/pre-emption check procedure if the amount of battery consumed / the number of sensed slots is higher than a (pre-)configured threshold. In this case, the collision may occur if the other UEs are not aware of the situation that the P-UE stops re-evaluation/pre-emption check procedure. To avoid the collision issue, a new signaling can be introduced, e.g., in SCI or MAC CE, to inform other UEs about the situation. 
[bookmark: _Ref52527530][bookmark: _Hlk71204476][bookmark: OLE_LINK293]Partial sensing procedure should be enhanced by the mechanism of either the priority adjustment or signalling, to support re-evaluation / pre-emption checking while maintaining the power saving performance.

[bookmark: _Hlk71202487][bookmark: OLE_LINK252][bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK272][bookmark: OLE_LINK273]Furthermore, when determining the sensing occasions for re-evaluation/pre-emption, the sensing occasion determination mechanism for initial resource selection can be used as a reference, which is applicable for both periodic-based and contiguous partial sensing. However, for different cases, it is better to consider the determination of sensing occasions separately. For example, if pre-emption is disabled in the resource pool, only sensing occasions for re-evaluation need to be determined; or, if HARQ-ACK is enabled and an “ACK” is received from Rx UE, the subsequent sensing can be canceled. Therefore, RAN1 should discuss how to determine sensing occasions for re-evaluation and pre-emption with the consideration of these different cases. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]When determining the sensing occasions for resource re-selection, e.g., triggered by re-evaluation/pre-emption, if the rule defined for the required periodic-based and contiguous partial sensing occasions for resource re-selection are completely consistent with the initial resource selection, it may cause more energy consumption and potential energy waste. The reason is that the potential resource re-selection will not be triggered by re-evaluation or pre-emption all the time. This situation may be more serious when the traffic type is periodic, since in that case for each period all the slots correspond a set of “Y” candidate slots for the potential resource re-selection shall be monitored. An illustrated example can be found in Figure 4, in this figure, a set of “Y” candidate slots in the subsequent periods are also selected to prepare for resource re-selection triggered by re-evaluation/pre-emption. Preserve= {P1, P2, P3} are the reservation periodicity values for determining which slots shall be monitored correspond to each candidate slot, as shown in the below figure, the power consumption is relatively large in this case. Based on above analysis, we think RAN1 may need to further discuss whether the definition rule of partial sensing occasions for resource re-selection are completely consistent with the initial resource selection, with the consideration of power efficiency.
[image: ]
[bookmark: _Ref79158547]Figure 4: Illustration for periodic-based partial sensing for resource re-selection in subsequent periods.

When determining the sensing occasions for re-evaluation/pre-emption, different conditions may need to be considered separately.
· E.g., pre-emption enabled/disabled, HARQ-ACK enabled/disabled, etc.
When determining the sensing occasions for resource re-selection, RAN1 may need to further discuss whether the definition rule of partial sensing occasions for initial resource selection should be completely reused.

Discussion on the impact of SL DRX 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]According to the WID [1], SL DRX is supported as a power saving mechanism in Rel-17. During the discussion of recent RAN2 meetings, some progress has been made on it. A LS [2] has been sent to RAN1 after RAN2#112-e meeting to notice RAN1 there may be some impacts on RAN1 procedure after SL DRX is introduced. Thus, the impacts of sidelink DRX on some RAN1 features, e.g., sensing and resource selection, need to be discussed in RAN. We will discuss the impacts of SL DRX on partial sensing and resource selection, respectively, in this section. 
[bookmark: _Ref61705225]The impact of SL DRX on partial sensing
[bookmark: OLE_LINK12]As agreed in RAN1#106-e meeting, sensing is permitted during SL DRX inactive time, but one leftover issue is whether sensing in SL DRX inactive time should be subject to specification, or up to UE implementation. In our view, it is not good to leave the sensing operation during the SL DRX inactive time to implementation. From the system point of view, this will result in inability to control the balance between PRR performance and power saving. For instance, some mechanisms can be considered and specified, to obtain the power saving benefits as much as possible without significantly degrading the PRR performance.
Sensing in SL DRX inactive time should be subject to specification.

As mentioned in section 2, there are two types of partial sensing in Rel-17, so we would like to discuss the specification impact of SL DRX on them separately as follow.
The specification impact on periodic-based partial sensing
[bookmark: _Hlk66954626]Refer to section 2.1 and proposal 4, our preference is, parameter “k” should be selected according to the most recent sensing occasion for a given reservation periodicity, to get the most accurate sensing results. However, this is only applicable for the case where SL DRX is not configured. When SL DRX is configured for a UE performs partial sensing, the impact of SL DRX may need to be considered, i.e., the determination rule of “k” can be refined with the consideration of power efficiency. As aforementioned, a UE can certainly perform sensing during the SL DRX active time, then if the periodic-based sensing occasions can align with the SL DRX active time as much as possible, the number of monitoring slot in inactive time would be rare and the power efficiency could be improved. On the other hand, in this case, k needs to have a configured maximum value to ensure that the accuracy of sensing result is not too bad.
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK63][bookmark: OLE_LINK64]An example is shown in Figure 5, for a candidate slot ym and a given reservation periodicity P1, if the corresponding parameter “k” is determined as 1 to get the most recent sensing result, it will cause the corresponding monitoring slot does not overlap with SL DRX active time, and addition power consumption for sensing in the corresponding slot is required. However, if “k” is determined as 2, the corresponding monitoring slot can overlap with SL DRX active time and no additional power consumption for sensing is needed. Meanwhile, as mentioned above, the maximum value of “k” is configured as 3 to ensure that the sensing accuracy is not degraded too much. This method can be considered as a trade-off b/w power consumption and reliability.
[image: ]
[bookmark: _Ref79158190][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Figure 5: An example for re-determining “k” in SL DRX configured case.

[bookmark: OLE_LINK13]For periodic-based partial sensing, it may be beneficial to refine the determination rule of “k” for a given periodicity when SL DRX is configured, from power saving perspective.

[bookmark: OLE_LINK18][bookmark: OLE_LINK23][bookmark: OLE_LINK74][bookmark: OLE_LINK75]A typical example can be found in Figure 6. In this figure, the assumption is: SCS=15kHz, SL DRX cycle=200ms, On-Duration=60ms, Y=20, =50ms. Then, for a give periodicity P1 which is 50ms, when “k” is equal to 1, 2, 3 (the maximum value of “k” is 3), the corresponding number of additional sensing slots is:
· When k=1, the number of additional sensing slots is 20;
· When k=2, the number of additional sensing slots is 0;
· When k=3, the number of additional sensing slots is 10.
[image: ]
[bookmark: _Ref79158116]Figure 6: An example for the impact of “k” for a given periodicity on the power saving efficiency.

In the above example, we can find that when the value of k is determined to be 2, it is more beneficial for power saving. Note that this is just an example, in fact, a UE needs to determine the value of “k” separately for each of the multiple periodicity values which belong to Preserve. The degree of power saving benefits that can be obtained for the determined value of “k” corresponding to each periodicity, depends on the actual values of above-mentioned parameters, such as SCS size, SL DRX cycle, On-Duration, . The condition will be very variable when these parameters have taken different values.
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]The specification impact on contiguous partial sensing
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]As mentioned in section 2.2, an additional continuous partial sensing before/after resource (re)selection trigger is agreed in last meeting, which can be regarded as an approach to eliminate the interference from co-existing aperiodic transmission. Compared with the above method for periodic-based partial sensing, another way for power saving which can be considered is, UE only obtains and utilizes the monitoring results in the corresponding monitoring slot of “Y” candidate slots for periodic-based partial sensing which overlap with SL DRX active time; besides, a continuous partial sensing is performed regardless of whether the corresponding monitoring slots overlap with SL DRX active time or not. The reason for doing this is, contiguous partial sensing needs to be able to obtain the sensing results in time, and the possibility of interference caused by aperiodic transmission is relatively higher.
For contiguous partial sensing, when SL DRX is configured, the corresponding slots can be monitored regardless of whether they overlap with SL DRX active time or not.

The impact of SL DRX on resource selection 
[bookmark: OLE_LINK65][bookmark: OLE_LINK69]For a SL communication scenario, if SL DRX is operated on a Rx UE and the SL DRX configuration can be obtained by the corresponding Tx UE, it may also have some impacts on the resource selection procedure of the corresponding Tx UE, regardless of whether Tx UE is performing full sensing or partial sensing. As shown in Figure 7, if a transmission occasion of the Tx UE overlaps with the Rx UE’s DRX inactive time duration, of course the packet cannot be received and decoded correctly by the Rx UE. In this case, the packet loss rate will increase, and the reliability cannot be guaranteed. Thus, when a Tx UE performs resource selection, it should take the Rx UE’s SL DRX configuration into account and make sure that the selected resource(s) are within the SL DRX active time of the RX UE. Meanwhile, if SL DRX is configured for Rx UE(s), the selection window of the Tx UE needs to be kept within the active time, or at least needs to be partially overlapped with the active time.


[bookmark: _Ref79158324]Figure 7: Packet loss due to SL DRX “Inactive Time”.

[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: _Ref61367319]When a Tx UE performs resource selection and the SL DRX configuration of its Rx UE is known, the Tx UE should take this configuration into account during resource selection procedure.
· It should be guaranteed that the selected resources are within the active time of the RX UE.
[bookmark: _Ref61367472]If SL DRX is configured for a Rx UE(s), the selection window of the Tx UE needs to be kept within or at lease needs to be partially overlapped with the active time of Rx UE.

Moreover, unlike gNB will decide the retransmission scheduling occasion(s) in Uu, in SL, a retransmission occasion can be determined in a prior SCI and certainly the retransmission reception can be achieved based on the indicated reservation of this SCI regardless of whether it is SL DRX active time of the Rx UE during that duration currently;  Similarly, for a periodic transmission, a non-first transmission occasion can also be obtained from the indicated reservation of the SCI in the previous period and the packet of current period can also be received based on this. Thus, from our perspective, it is too restrictive to limit all the selected resources within the current active time of the Rx UE and the congestion condition will be worse if such restrictions have been adopted. Therefore, as shown in Figure 8, one possible method is only limiting the very initial transmission within the current active time of the Rx UE, and the subsequent (re)transmissions’ occasions can also be achieved since they can be indicated and reserved by a previous SCI, and these transmission occasions can also be regarded as additional active time of the Rx UE, if the “reservation chain” is not broken.


[bookmark: _Ref79158474]Figure 8: Initial transmission is received within On-Duration, and retransmission reception based on “reservation chain”.

[bookmark: _Ref61367548][bookmark: OLE_LINK36]When a Tx UE performs resource selection and SL DRX configuration of the Rx UE is known, the Tx UE may only need to limit the very initial transmission within the current SL DRX active time of the Rx UE.
· [bookmark: OLE_LINK66]The subsequent (re)transmissions’ occasions can be determined as additional active time of the Rx UE and then the reception of these (re)transmissions can be achieved, based on the “reservation chain”.

In the following, we would like to provide our system-level evaluation results to compare two potential options for resource selection, in the case where SL DRX is configured for Rx UE:
· Option A: Both initial transmission and retransmission are confined within Rx UE’s On-Duration.
· Option B: Only initial transmission is confined within Rx UE’s On-Duration (the mechanism in proposal 14).
[bookmark: OLE_LINK58][bookmark: OLE_LINK72]The following two figures are used for illustrating the above two options. In Figure 9 for showing option A, the selection windows of initial transmission and retransmission in the Tx UE are same and should be fully or partially aligned with the DRX On-Duration of the Rx UE depending on the packet arrival time. In Figure 10 for showing option B, only the selection window of initial transmission is fully or partially aligned with the DRX On-Duration, but the DRX configuration of the Rx UE does not limit the selection window of retransmission resource(s).
[image: ]
[bookmark: _Ref79158029][bookmark: OLE_LINK278][bookmark: OLE_LINK279]Figure 9: An example for the working mechanism of option A.



[bookmark: _Ref79158047]Figure 10: An example for the working mechanism of option B.

[bookmark: OLE_LINK8]The following Figure 11 and Table 1 have shown the PRR performance and power consumption comparison of the above two options, in which the system-level simulation results are provided in urban scenario. The simulation assumptions can refer to the Annex, in which 50% vehicle UEs transmit V2P periodic packets in the scenario and the remaining 50% vehicle UEs transmit V2V periodic packets as background interference. The PRR and power consumption calculation are based on TR 37.885 [3] and the RAN1 agreements on evaluation from previous RAN1 meetings. In the simulation, DRX periodicity is set as 100ms, while the SL DRX On-Duration in each DRX cycle is set as 10ms, 20ms and 30ms separately, and the result of “DRX not configured” case is also provided as a reference.

[bookmark: _Ref79158593][bookmark: OLE_LINK283][bookmark: OLE_LINK284]Figure 11: The PRR performance for Rx UE’s DRX On-Duration=30,20,10ms.

Table 1: Power Consumption Reduction ratio for Rx UE’s DRX On-Duration=30,20,10ms.
	On-Duration
[ms]
	Average relative power
	Reduction ratio [%]

	
	Option A
	Option B
	Option A
	Option B

	No DRX
	31003234 
	
	0.00 
	

	30
	8923231
	10023298
	71.22 
	67.67

	20
	5757060 
	7324634
	81.43 
	76.37

	10
	2662008
	4558702
	91.41 
	85.30



According to the simulation results in the above figure, it can be found that the PRR performance of option B is improved compared with option A. Since option B only confines the initial transmission of a TB within DRX On-Duration, the probability of collision can be reduced and then the PRR performance will be improved. As the UE-to-UE distance increases, the degree of the improvement becomes greater. As an example, for On-Duration=20ms and when the UE-to-UE distance is less than 200m, the increasing rate is small, e.g., it is nearly 2% when the distance=150m; but when the UE-to-UE distance is equal to or larger than 200m, PRR performance is improved by larger than 6%.
It can also be found that if option B is adopted, a smaller On-Duration value can be set so that the PRR performance is not significantly degraded, meanwhile the power saving gain can be obtained. For example, the PRR performance of Option B with On-Duration=20ms, is very close to Option A with On-Duration=30ms, while still saving about 5.2% of power consumption.
Based on the above analysis, Option B can be considered as a trade-off method b/w PRR performance and power consumption, since it can improve the power efficiency by setting a shorter DRX On-Duration, while maintaining the PRR performance is not significantly degraded.
Observation 1 [bookmark: OLE_LINK285][bookmark: OLE_LINK286][bookmark: _Ref52527422][bookmark: OLE_LINK287]Compared with confining both initial transmission and retransmission within Rx UE’s On-Duration, confining only initial transmission within Rx UE’s On-Duration can improve the PRR performance when the DRX On-Duration value is same.
Observation 2 Compared with confining both initial transmission and retransmission within Rx UE’s On-Duration, confining only initial transmission within Rx UE’s On-Duration can improve the power efficiency by setting a shorter DRX On-Duration, while maintaining a similar PRR performance.

When a TX UE transmits to a RX UE configured with DRX, the resources selected by the TX UE should be within the active time (e.g., on duration timer or inactivity timer, or retransmission timer) at the RX UE. However, a selected resource can be dropped due to prioritization/congestion control or can be re-selected due to pre-emption/re-evaluation/dropping. Furthermore, the dropping or re-selection of a resource can result in that another resource is not within the active time anymore. One example is shown in Figure 12 where resource C and resource D are within the retransmission timers. If resource C is dropped, the associated retransmission timer will not be initiated at the RX UE. Therefore, resource D will not be within the active time anymore. As one option, resource D can be dropped too. As another option, resource D (resource C) can be re-selected. Similarly, if resource C is re-selected, it may happen that resource D is outside of the active time depending on where the re-selected resource C is. Anyway, if a selected resource is not within the active time anymore, dropping or re-selection at the TX UE can be triggered.


[bookmark: _Ref82683984]Figure 12: An example for dropping of resource #1 makes resource #2 outside of the active time.

Dropping or re-selection of resource(s) at the TX UE is triggered if dropping or re-selection of a resource results in that another resource is not within the active time of the RX UE anymore.

Conclusions
In this contribution, we have expressed our views on the resource allocation from the partial sensing and SL DRX perspective. The observations and proposals are summarized as follows. 
Observation 1 Compared with confining both initial transmission and retransmission within Rx UE’s On-Duration, confining only initial transmission within Rx UE’s On-Duration can improve the PRR performance when the DRX On-Duration value is same.
Observation 2 Compared with confining both initial transmission and retransmission within Rx UE’s On-Duration, confining only initial transmission within Rx UE’s On-Duration can improve the power efficiency by setting a shorter DRX On-Duration, while maintaining a similar PRR performance.
1. When performing periodic-based partial sensing, UE should determine the minimum value of “Y” based on the priority and/or CBR value, from a range of values (pre-)configured in a resource pool.
1. When PSFCH is configured for the resource pool, the impact of the HARQ RTT related timing restriction should also be considered when UE determines the “Y” candidate slots.
A P-UE should monitor the slots within a short sensing window for contiguous partial sensing to acquire information of aperiodic reservations in the following conditions:
· When the P-UE transmitting periodic traffic, the short sensing window contains the slots within the range , where  is the first slot of the Y candidate slots.
· When the P-UE transmitting aperiodic traffic, the short sensing window contains the slots within the range , where  and  are positive integers and .
Partial sensing procedure should be enhanced by the mechanism of either the priority adjustment or signalling, to support re-evaluation / pre-emption checking while maintaining the power saving performance.
When determining the sensing occasions for re-evaluation/pre-emption, different conditions may need to be considered separately.
· E.g., pre-emption enabled/disabled, HARQ-ACK enabled/disabled, etc.
When determining the sensing occasions for resource re-selection, RAN1 may need to further discuss whether the definition rule of partial sensing occasions for initial resource selection should be completely reused.
Sensing in SL DRX inactive time should be subject to specification.
For periodic-based partial sensing, it may be beneficial to refine the determination rule of “k” for a given periodicity when SL DRX is configured, from power saving perspective.
For contiguous partial sensing, when SL DRX is configured, the corresponding slots can be monitored regardless of whether they overlap with SL DRX active time or not.
When a Tx UE performs resource selection and the SL DRX configuration of its Rx UE is known, the Tx UE should take this configuration into account during resource selection procedure.
· It should be guaranteed that the selected resources are within the active time of the RX UE.
If SL DRX is configured for a Rx UE(s), the selection window of the Tx UE needs to be kept within or at lease needs to be partially overlapped with the active time of Rx UE.
When a Tx UE performs resource selection and SL DRX configuration of the Rx UE is known, the Tx UE may only need to limit the very initial transmission within the current SL DRX active time of the Rx UE.
· The subsequent (re)transmissions’ occasions can be determined as additional active time of the Rx UE and then the reception of these (re)transmissions can be achieved, based on the “reservation chain”.
Dropping or re-selection of resource(s) at the TX UE is triggered if dropping or re-selection of a resource results in that another resource is not within the active time of the RX UE anymore.
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Annex
The system level simulation in Section 3.2 is performed based on the simulation assumptions, listed in Table 2. 

[bookmark: _Ref68009940]Table 2: SLS simulation assumptions.
	Attributes
	Values or Assumptions

	Number of drops
	5

	Simulation length
	5000[slots](5s) + warmup(3000[slots])

	Scenario
	base on Urban grid case of option A of 3GPP TR 37.885 V15.1.0 


	Channel model
	Pathloss：Table 6.2.1-1 of TR 37.885
Shadowing：STD 3dB, Decorrelation distance 25m
Fast fading：Section 6.2.3 in TR 37.885

	Speed of vehicle
	3 km/h for P-UE and 60 km/h for V-UE

	UE dropping
	Option A (seed=1201: 145 V-UE, 145 P-UE)

	Average number of P-UEs
	200 on average

	Carrier frequency
	5.9[GHz]

	Bandwidth
	20 [MHz] (100RBs, 1200subcarriers)

	Subcarrier spacing
	15[kHz]

	Slot length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	4 antennas with λ/2 spacing

	Antenna pattern
	Nothing

	Antenna height
	1.6 [m] (option A, type 2)

	Antenna gain
	3 [dBi]

	Noise figure
	9 [dB]

	Subchannel type
	PSCCH+PSSCH scheme

	Size of sub-channel
	25 RBs

	Modulation and Code rate
Error curve type of PSCCH
	QPSK, Polar coding 

	Modulation and Code rate
Error curve type
of PSSCH
	QPSK, LDPC
190byte: 25RB, R=0.339367(without PSFCH), 0.513699(with PSFCH)
300byte: 25RB, R=0.490196(without PSFCH), 0.742009(with PSFCH)

	Traffic mode
	Traffic: Model-1 (low traffic intensity)
- traffic generate vehicle rate：50%
-Inter-packet arrival time: V-UE 100 ms, P-UE -,  
-Delay budget: 100 ms

	Resource selection scheme
	1. Mode-2 (with SCI decoded, PSSCH-RSRP)

	Threshold for excluding SCI decoded resources
	-128[dBm]

	SL_RESOURCE_RESELECTION_COUNTER
	1. The counter decremented by one after every transmission
2. Resource reselection is triggered if the counter reaches to zero (probResourceKeep=0.8)

	Repetition
	Chase combining with
the same number of sub-channels as initial Tx

	HARQ Scheme
	HARQ-ACK based retransmission

	Number of retransmissions
	1

	Sensing Window Length
	1000 slots

	[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Selection Window Length
	100 slots

	Number of 1st Stage SCI resources
	3 symbols

	DRX period
	100 slots

	On-Duration
	10,20,30 slots
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