Page 1
3GPP TSG RAN WG1 Meeting #104b-e				      R1-2102719
e-Meeting, April 12th – 20th, 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
In the RAN1#104-e meeting, the following agreements have been achieved w.r.t partial sensing schemes. In general, two types of partial sensing were agreed to be introduced for Rel-17 sidelink: periodic-based partial sensing and contiguous partial sensing. 
	Agreements: 
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window, where
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· The resource selection window is [n+T1, n+T2]
· As a baseline, T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4]
· Further discuss whether or not to introduce a threshold to re-define T1 and T2 such that 
· T1 ≥ 0 (subject to processing time constraint Tproc, 1), and T2 ≤ remaining PDB
· T2-T1 ≤ (pre-)configured threshold
· A minimum value for Y is (pre-)configured from a range of values, FFS details
· FFS any restriction to determine Y candidate slots (including its relationship with SL-DRX)
· 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: The terminology “periodic-based partial sensing” is based on the “partial sensing” used in LTE-V and it is intended to be used for the design and discussion of partial sensing in Rel-17.

Agreements: 
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, the UE monitors slots of at least one periodic sensing occasions, where a periodic sensing occasion is a set of slots according to [image: ]
if tvSL is included in the set of Y candidate slots.
· Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). Down select to one:
· Option 1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Option 2:  Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList
· FFS how to determine the subset (e.g., by (pre-)configuration, UE determination)
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]Option 3:  Preserve is a common divisor among values in the configured set sl-ResourceReservePeriodList
· Option 4: FFS others
· [bookmark: OLE_LINK21][bookmark: OLE_LINK22]k is selected according to (down select to one)
· Option 1: Only the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 2: The two most recent sensing occasions for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 3: All possible sensing occasions after 
· Option 4: Only one periodic sensing occasion for one reservation period. The k value is up to UE implementation. Max value for k is (pre-)configured.
· Option 5: k is (pre-)configured, including multiple values
· Option 6: (pre-)configuration of a bitmap, same as in LTE-V
· Option 7: FFS others
· FFS relationship between periodic sensing occasions and SL-DRX
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· Note: companies are encouraged to show performance data for the down selections
Agreements:
· In a resource pool (pre-)configured with at least partial sensing, if UE performs contiguous partial sensing and resource (re-)selection is triggered in slot n, support the following option:
· Option 1: For the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB] and performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results (if applicable).
· FFS TA, TB (including the possibility of equal to zero, positive or negative) and remaining details (in particular, whether there should be exclusion of slots, changes in TA/TB values for different purposes, etc.)
· FFS whether n can be replaced by e.g., index of some of Y candidate slots
· FFS condition(s) in which contiguous partial sensing is performed by UE
· FFS interaction with SL-DRX, if any
· FFS interaction with periodic-based partial sensing, if any
· Other options are not precluded 
· Note: This option is not to replace random resource selection only without sensing or re-evaluation and pre-emption checking



In this contribution, we will share some further considerations on either type of partial sensing schemes, respectively. Meanwhile, we also would like to discuss the impact of SL DRX on sensing and resource selection procedure in this contribution, since many FFSs left over from the above agreements of last meeting are related to this.
Discussion on partial sensing schemes
[bookmark: _Ref52529593][bookmark: OLE_LINK1]Compared with LTE V2X, NR V2X supports many new features which may have impact on partial sensing design. For example, in Rel-16 NR sidelink, aperiodic transmission is supported, then a P-UE should avoid the interference from the aperiodic traffic in a same resource pool, and that’s why contiguous partial sensing is agreed in last meeting. Besides, periodic-based partial sensing, which was introduced for periodic transmission interference avoidance should also be enhanced according to some other new features, e.g., short period transmission with more short period values, re-evaluation/pre-emption, unicast/groupcast, HARQ-ACK feedback, larger number of HARQ transmissions, etc.
In this section, we will first share our companion views on these two types of partial sensing designs, including our opinions on the FFS points of last meeting’s agreements. And then, we would like to make some discussion on re-evaluation/pre-emption mechanism for a UE performing partial sensing. Furthermore, in the last subsection we will propose a special alignment partial sensing mechanism for groupcast scenario.
[bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK9]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 similar to 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 aforementioned features cannot be supported by the existing mechanism. 
One leftover issue from last meeting is how to define the lower and upper bound for selection window, i.e., T1 and T2. From our perspective, the values of T1 and T2 should be defined in the same way as in R16 NR-V2X, and it is unnecessary to put any more restrictions on them.
The lower and upper bound for selection window, i.e., T1 and T2, should be defined in the same way as in R16 NR V2X. 
· No further restriction is needed for the selection window bound in Rel-17.

[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.

According to the agreements of the last meeting, the next step work for RAN1 is to do down selection for two parameters, Preserve and k, which are used to determine the sensing occasions of periodic-based partial sensing. 
[bookmark: OLE_LINK170][bookmark: OLE_LINK171][bookmark: OLE_LINK120][bookmark: OLE_LINK121]In LTE V2X, the partial sensing occasions are configured by a bitmap type parameter, gapCandidateSensing. By using such a parameter, Preserve is actually configurable and thus can correspond to a subset of the allowed reservation periods configured by SL-RestrictResourceReservationPeriod. To support the same flexibility, in Rel-17, Preserve should be able to take a subset of values from the configured set sl-ResourceReservePeriodList as well. 
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]In LTE V2X, k is determined in a way that only the most recent sensing occasion for a given reservation periodicity Preserve is used for resource selection. As for Preserve ≥ 100ms, the configuration of gapCandidateSensing always means k = 1 which corresponds to the most recent sensing occasion. As for Preserve < 100ms, only the sensing results satisfying the condition  can be used. In fact, the condition is just to guarantee that only the most recent sensing results are used. All the aforementioned LTE V2X design is to benefit from the most accurate sensing results. To achieve the same benefit, the same design should also apply to partial sensing in NR V2X. Therefore, k should be selected according to only the most recent sensing occasion for a given reservation periodicity before a reference slot. Currently, whether the reference slot is determined based on “resource (re)selection trigger (slot n)” or “Y candidate slots” is also FFS. In our view, choosing “Y candidate slots” seems more reasonable. Since Y candidate slots may be far behind slot n, the slots after slot n can also be used as sensing occasions. By this way, more recent sensing results can be used for resource selection. Therefore, the periodic sensing occasions determined by k can be after slot n but before Y candidate slots.
As an example, the periodic sensing occasions for a given periodicity Preserve = P are shown in Figure 2. It is assumed that contiguous sensing is also performed. Denoting the last sensing occasion for contiguous sensing as slot m, any periodic sensing occasion will not be after slot m. For easy understanding, the periodic sensing occasions can be imagined as the overlapping parts of the different shifted Y slots and the P slots before slot m.


[bookmark: _Ref67044782]Figure 2: Periodic sensing occasions for a given periodicity Preserve = P.

[bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK129]For periodic-based partial sensing, Preserve and k are determined as follows:
· For Preserve, it corresponds to a subset of values from the configured set sl-ResourceReservePeriodList, i.e., option 2 with configured values is supported;
· For k, it is selected according to only the most recent sensing occasion for a given Preserve before the Y candidate slots, i.e., refined option 1 is supported with “before the resource (re)selection trigger” deleted.

[bookmark: OLE_LINK248][bookmark: OLE_LINK249]Contiguous partial sensing
During last RAN1 meeting, 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 3, 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 3: 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. In order 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 4 exemplifies the case when both long sensing window for periodic-base partial sensing and short sensing window for contiguous partial sensing are taken into account 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: _Ref61357587]Figure 4: 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
In RAN1#103-e, it was agreed that re-evaluation and pre-emption checking are supported by UEs that perform sensing. To support the re-evaluation / pre-emption checking, a UE is required to keep monitoring the radio channel until the time T3 before transmission.  In this case, the energy consumption may increase 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 can not 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]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: OLE_LINK250][bookmark: OLE_LINK251][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK252][bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK33][bookmark: OLE_LINK34]Naturally, for a UE which performs partial sensing, resource re-selection which is triggered by re-evaluation and pre-emption should also be based on partial sensing. However, 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 below figure, 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: ]
Figure 5: Illustration for periodic-based partial sensing for resource re-selection in subsequent periods

RAN1 may need to further discuss whether the definition rule of partial sensing occasions for potential resource re-selection are completely consistent with the initial resource selection.

Specific partial sensing alignment solution for groupcast 
In broadcast and groupcast, there exists a fundamental problem of ensuring PRR reliability, especially in groupcast where the group members are sleeping and waking up randomly in the sensing cycle. This could degrade the PRR performance significantly. Figure 6 exemplifies the worst case of scenario for the partial sensing in groupcast, where five Rx-P-UEs are randomly sleeping and waking up in a sensing cycle (e.g., 100ms), and not able to receive the packet from Tx-UE, resulting in zero of PRR.
[image: ]
[bookmark: _Ref68008494]Figure 6: Partial sensing in groupcast, randomly sleeping and waking up.

If all P-UEs are forced to sleep and wake-up at the same time by means of the pre-configuration, the P-UEs in the group enable to make the packet reception, but the P-UEs between different groups sleep and wake-up at the same time as well. This limits the selectable resources for the group UE transmission, and thus, the problem of transmit resource collision between the groups incurs.
In order to clarify how much performance impact does incur due to the partial sensing in groupcast, we perform the SLS simulation based on the simulation assumptions, listed in Table 1, in Annex. We take into three sensing schemes consideration for the performance comparison, respectively defined as
· Full sensing: In this case, as a benchmark, each P-UE performs the sensing for all the time on the sidelink channel and then, makes the resource selection accordingly once the packet is arrival.
· Partial sensing with random offset: In this case, as a worst-case scenario, each P-UE performs the partial sensing on the sidelink channel, with the UE active interval of Y, which is randomly predetermined by each P-UE individually with a random offset. The P-UE, then, makes the resource selection accordingly once the packet is arrival.
· Partial sensing with the same offset: In this case, each P-UE performs the partial sensing on the sidelink channel, with the UE active interval of Y, which is predetermined by each P-UE and aligned among all the P-UEs with the same offset. The P-UE, then, makes the resource selection accordingly once the packet is arrival.
Figure 7 and Figure 8 show the PRR as a function of P-UE to P-UE distance in groupcast, with the target communication range of 320m, 20MHz bandwidth, and the option-1 HARQ, considering the periodic traffic with inter-packet arrival time of 1000ms and 100ms, respectively. For the reference purpose, in addition, we show the relative power consumption in Figure 15, and the power consumption ratio in Figure 16 and Figure 17, for both inter-packet arrival time of 1000ms and 100ms, in Annex.
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[bookmark: _Ref54087127]Figure 7: PRR vs. P-UE to P-UE distance in groupcast, considering the periodic traffic with the interval of 1000ms.
[image: ]
[bookmark: _Ref54087308]Figure 8: PRR vs. P-UE to P-UE distance in groupcast, considering the periodic traffic with the interval of 100ms.

The several observations can be made as follows:
· In the scheme of full sensing, the PRR can be almost perfectively achieved regardless of the periodic traffic interval (1000ms or 100ms), due to the assumption of low traffic intensity.
· In the scheme of partial sensing with random offset, the PRR is less than 0.2 for both the periodic traffic intervals (1000ms and 100ms), which cannot sustain the sidelink transmission and reception.
· In the scheme of partial sensing with the same offset, the PRR can be almost maintained as that of full sensing when the periodic traffic interval is 1000ms. However, when the periodic traffic interval is 100ms, which is the tenfold heavier traffic, the PRR degrades significantly due to the resource collision occurring in transmission within the limited active interval of Y (i.e., Y= 13). 
Consequently, the scheme of partial sensing with random offset destroys the sidelink transmission and reception, while the scheme of partial sensing with the same offset only works properly when the periodic traffic is light enough. We believe that the alignment of active interval for partial sensing among P-UEs is necessary, but the over-alignment should be avoided.
Observation 1 [bookmark: _Ref68010271][bookmark: _Ref52527424]The partial sensing procedure in the legacy LTE-V2X cannot fulfil the reliability at least in NR-V2X groupcast, and some new mechanisms should be introduced. 
Observation 2 [bookmark: _Ref54104518]In groupcast, the partial sensing with random offset destroys the sidelink transmission and reception, while the partial sensing with the same offset incurs the problem of over-alignment of active interval among P-UEs.

The architecture enhancements in 5GS [1] defines two types of groups; one is denoted as application layer connection-less group, and the other is denoted as application layer managed group. The former considers an application layer group without group formation in the V2X application layer, possibly applied for sensor sharing. The latter, however, considers an application layer group with group formation and management in the V2X application layer, possibly applied for platooning, and cooperative adaptive cruise control.
In order to align the sensing time for the P2X UEs within the group, we need to find out the common parameters to realize the partial sensing procedure and ensure the reliability in groupcast communication.
The application layer connection-less group, in general, is related to the geographic location and is formed by the UEs who are in proximity within a communication range. In this case, application layer does not provide the information related to group size and member ID. When group identifier information is provided by V2X application layer, UE converts the provided group identifier into a destination-L2 ID. When group identifier information is not provided by V2X application layer, UE determines destiantion-L2 ID based on the configuration of mapping between V2X service type (e.g., PSID/ITS-AID) and Layer-2 ID in V2X layer.
Observation 3 [bookmark: _Ref52527426]In the application layer connection-less group, the group members are in proximity, and the reference parameters for partial sensing could be the geographical location of group UEs, and destination-L2 ID.
[bookmark: _Ref52527517]Rel-17 supports to utilize the geographical location of group UEs and destination-L2 ID, as the reference parameters for partial sensing, in the application layer connection-less group.

The application layer managed group, in contrast, is related to the service and is formed by the UEs who are interested in the special service, for instance, platooning service. In this case, the V2X application layer provides a group size and a member ID, and the V2X layer passes them to the AS layer for groupcast control. It is assumed that the V2X application layer provides accurate and up-to-date information on the group size and the member ID. Similarly, when the group identifier information is provided by V2X application layer, UE converts the provided group identifier into a destination-L2 ID. When the group identifier information is not provided by V2X application layer, UE determines destiantion-L2 ID based on configuration of mapping between V2X service type (e.g., PSID/ITS-AID) and Layer-2 ID in V2X layer.
Observation 4 [bookmark: _Ref52527737]In the application layer managed group, the group members are associated with the interested services other than the geographical location in between, and thus, the available reference parameter for partial sensing could be merely destination-L2 ID.
[bookmark: _Ref52527521]Rel-17 supports to utilize the destination-L2 ID, as the reference parameter for partial sensing, in the application layer managed group.

Discussion on the impact of SL DRX 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]According to the WID [2], SL DRX is supported as a power saving mechanism in Rel-17. During the discussion in RAN2#112-e and RAN2#113-e, some progress has been made by RAN2 on it. A LS [3] 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_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK32][bookmark: OLE_LINK35]As agreed in RAN2#113-e meeting, if a UE is in SL DRX active time, it should monitor PSCCH and PSSCH for data reception. Although sensing aspect is not involved in this RAN2 agreement, for a UE which performs partial sensing and is configured with SL DRX simultaneously, it is clear that the UE can perform sensing during the SL DRX active time. Then the next coming issue is whether sensing can be performed during the SL DRX inactive time. In our opinion, due to the different definition rules, it is difficult to completely align the partial sensing occasions with the SL DRX active time. Therefore, although more power consumption is required, sensing cannot be limited to only SL DRX active time. The main motivation is to obtain sufficient sensing results and ensure the performance of reliability.
Sensing can be performed during SL DRX inactive time as well as active time.
As mentioned in section 2, there are two types of partial sensing in Rel-17, so we would like to discuss the impact of SL DRX on them separately as follow.
The 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 below figure 9, 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.


[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Figure 9: 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 10. In this figure, the assumption is: SCS=15kHz, SL DRX cycle=200ms, OnDuration=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.


Figure 10: 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, OnDuration, . The condition will be very variable when these parameters have taken different values.
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]The 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, 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. 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.


Figure 11: Packet loss due to SL DRX “Inactive Time”

[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: _Ref61367319]When a Tx UE performs resource selection, it should take the Rx UE’s SL DRX configuration into account.
· 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, 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.


Figure 12: 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, it 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”.

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 The partial sensing procedure in the legacy LTE-V2X cannot fulfil the reliability at least in NR-V2X groupcast, and some new mechanisms should be introduced. 
Observation 2 In groupcast, the partial sensing with random offset destroys the sidelink transmission and reception, while the partial sensing with the same offset incurs the problem of over-alignment of active interval among P-UEs.
Observation 3 In the application layer connection-less group, the group members are in proximity, and the reference parameters for partial sensing could be the geographical location of group UEs, and destination-L2 ID.
Observation 4 In the application layer managed group, the group members are associated with the interested services other than the geographical location in between, and thus, the available reference parameter for partial sensing could be merely destination-L2 ID.
1. The lower and upper bound for selection window, i.e., T1 and T2, should be defined in the same way as in R16 NR V2X. 
· No further restriction is needed for the selection window bound in Rel-17.
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.
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.
For periodic-based partial sensing, Preserve and k are determined as follows:
· For Preserve, it corresponds to a subset of values from the configured set sl-ResourceReservePeriodList, i.e., option 2 with configured values is supported;
· For k, it is selected according to only the most recent sensing occasion for a given Preserve before the Y candidate slots, i.e., refined option 1 is supported with “before the resource (re)selection trigger” deleted.
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.
RAN1 may need to further discuss whether the definition rule of partial sensing occasions for potential resource re-selection are completely consistent with the initial resource selection.
Rel-17 supports to utilize the geographical location of group UEs and destination-L2 ID, as the reference parameters for partial sensing, in the application layer connection-less group.
Rel-17 supports to utilize the destination-L2 ID, as the reference parameter for partial sensing, in the application layer managed group.
Sensing can be performed during SL DRX inactive time as well as active time.
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, it should take the Rx UE’s SL DRX configuration into account.
· 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, it 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”.
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Annex
The system level simulation is performed based on the simulation assumptions, listed in Table 1. Besides the results of the PRR as a function of P-UE to P-UE distance, demonstrated in Figure 7 and Figure 8, for the reference purpose, we show the relative power consumption in Figure 15, and the power consumption ratio in Figure 16 and Figure 17, for both inter-packet arrival time of 1000ms and 100ms.
[image: ]
[bookmark: _Ref68010034]Figure 15: The relative power consumption for both inter-packet arrival time of 1000ms and 100ms.

[image: ] [image: ] [image: ]
[bookmark: _Ref68010044][bookmark: _Ref68012486]Figure 16: The power consumption ratio for the inter-packet arrival time of 1000ms.
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[bookmark: _Ref54208448][bookmark: _Ref68012596]Figure 17: The power consumption ratio for the inter-packet arrival time of 100ms.

[bookmark: _Ref68009940]Table 1: SLS simulation assumptions.
	Attributes
	Values or Assumptions

	Number of drop
	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 + R1-1811915
Groupcast in the simulation area of 1500[m]×1299[m]

	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

	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
	Omnidirectional

	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: 100, 1000 ms
- Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
- Latency requirement: 100, 1000 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
	Option-1 HARQ with the target communication range of 320m

	Number of retransmissions
	1

	Selection Window Length
	100 slots

	Number of 1st Stage SCI resources
	3 symbols

	P-UE sensing mode
	Full sensing, Partial sensing with random offset, Partial sensing with the same offset.
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