


3GPP TSG RAN WG1 #106-e		R1-2108085
e-Meeting, August 16th – 27th, 2021
Title: 	Discussion on resource allocation for power saving
Source: 	ZTE, Sanechips
Agenda item:	8.11.1.1
Document for:	Discussion and decision
Introduction
In RAN1 #105-e meeting, some agreements are obtained as following [1].
Agreement:
· For the set of Preserve values in periodic-based partial sensing, 
· If no (pre-)configuration (i.e., by default), Preserve corresponds to all values from the (pre-)configured set sl-ResourceReservePeriodList.
· Otherwise, a single set of Preserve values can be (pre-)configured, where the set of Preserve values are restricted to a subset of the (pre-)configured set sl-ResourceReservePeriodList
· This is per mode 2 Tx resource pool (pre-)configuration
· A UE by implementation may also monitor other sl-ResourceReservePeriodList values not part of the restricted subset 
· In particular, the UE may additionally monitor occasions corresponding to P_RSVP_Tx
· FFS whether the monitoring can be mandatory
Agreement:
    In periodic-based partial sensing for resource (re)selection, the UE at least monitors in periodic sensing occasion(s) for a given reservation periodicity before the first slot of the selected Y candidate slots subject to processing time restriction for the identification of candidate resources.
  o   The processing time restriction includes Tproc,0SL  and Tproc,1SL.
  o   Aspects relating to sensing during SL DRX are to be discussed separately
· Relationship to re-evaluation and pre-emption operation for periodic-based partial sensing to be discussed separately
· FFS details including whether 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 or re-evaluation and pre-emption checking
Agreement:
· For the k value in periodic-based partial sensing for resource (re)selection,
· By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction.
· If (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value
· (Working assumption) Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included.
· FFS: whether/which other values and details of the (pre-)configuration (e.g. max number of values or sensing occasions)
· FFS: whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
· FFS relationship between periodic-based partial sensing occasions and SL-DRX
· Note:
· This is for the case when the resource (re)selection triggering slot n is expected by UE
Agreement:
· For random resource selection,
· Reuse the maximum distance separation of 32 logical slots for a HARQ retransmission resource reserved by a prior SCI for the same TB, which was defined in R16 for full sensing operation.
· SL HARQ feedback enabled transmission is supported (FFS applicable conditions if any)
· The minimum HARQ feedback time gap (Z) shall be respected between any two selected resources of a TB where a HARQ feedback for the first of these resources is expected.
· FFS the impact of resource collision when random resource selection is performed by a UE which does not perform sensing / re-evaluation and pre-emption checking in a resource pool with mixed RA schemes (e.g. for low priority or any priority transmissions).
· Including study potential solution(s) if the impact is not negligible (e.g. threshold based, raising priority, minimum time gap, pattern based, a priori SCI reserving initial transmissions, resource pool partitioning, and etc.).
Agreement: In contiguous partial sensing for resource (re)selection, TA and TB values can be zero, positive or negative 
· TA and TB values or range depend on different operating scenarios or conditions (e.g., periodic/aperiodic traffic, predictability of triggering slot n, remaining PDB, re-evaluation/pre-emption checking, HARQ feedback, CBR/CR parameter, power saving, etc)
· FFS details
· FFS: details of how periodic-based partial sensing and contiguous partial sensing are used for re-evaluation and pre-emption checking. Including how to reduce UE’s power consumption (caused by additional sensing operation of re-evaluation/pre-emption) after its resource selection, with the considerations of different operating scenarios or conditions (e.g., pre-emption enabled/disabled, HARQ-ACK enabled/disabled, etc).
In this contribution, we will further discuss the consideration of resource allocation related to SL power saving.
Discussions 
Resource selection based on partial sensing
For partial sensing in LTE V2X, P-UE only performs sensing in a set of subframes based on a pattern in sidelink resource pool. Specifically, for subframe ty including candidate single-subframe resources for PSSCH transmission, the P-UE shall monitor the candidate sensing subframes ty-k*step. Here step equals to the number of candidate SL subframes within 100ms sensing gap and k is positive integer of one or more values from {1, 2, 3, ..., 10} according to the parameters configured from high layers. By this means, power consumption will be reduced.
It should be noted that in LTE V2X only the periodic resource reservation is supported. And only the integer multiple of 100 ms and {20, 50} ms are supported for the periods of resource reservation. Given the periods larger than 100ms could divide 100 while 100 could divide {20, 50}, the sensing results obtained from monitoring occasions with 100ms sensing gap could identify the (concurrent) transmissions of any aforementioned period(s) without any knowledge of the resource selection trigger in advance. 
In NR V2X, periodic services together with aperiodic services are supported. Correspondingly, in Rel-17, both enhanced periodic-based partial sensing and contiguous partial sensing are supported. The enhancement for periodic-based partial sensing target the support of the (concurrent) periodic services with more diverse period(s). And the contiguous partial sensing is supposed to handle the aperiodic services. Periodic-based partial or contiguous partial sensing can be configured to operate independently or jointly depending on the service types in one resource pool. For example, if only periodic services are supported in a SL resource pool, the periodic-based partial sensing can be enabled only. 
[bookmark: _Toc71577695][bookmark: _Toc71620782][bookmark: _Toc71624936][bookmark: _Toc79224123]Periodic-based partial or contiguous partial sensing can be (pre-)configured to operate independently or jointly in one resource pool.  
· Periodic-based partial sensing
In last RAN1 meeting, it was agreed that up to all values form the (pre-)configured set sl-ResourceReservePeriodList can be the set of sensing periods(Preserve values). And it is a common understanding that for a set of candidate resources, it should be evaluated by all of the set of Preserve values. But in case of when the resource (re)selection triggering slot n is not expected by UE, how to perform sensing for all of the set of Preserve values in a sensing window is unclear for now.
(1) How to perform periodic-based partial sensing for all of the set of Preserve values
Similar to LTE, in most cases, physical layer does not know in advance when the resource (re)selection will be triggered in NR V2X. Neither is the location of the candidate resource set Y. Following the achieved agreements till now, a normal UE implementation is that, a UE would perform periodic partial sensing independently for each of reservation period, which is also independent of resource selection triggering event. When the resource selection triggering comes (in slot n), the UE should determine the set Y based on the sensed occasions of the corresponding reservation periods. An example is shown is Figure 1.


Figure 1 : An example for overlaps between different partial sensing occasions
As we know, if there are more than one Preserve values, it's quite likely that one reservation period may not be the integer multiple of others. That means the occasion corresponding to a certain reservation period and the occasions corresponding to other reservation periods overlap on some slots yet not others. If only the overlapped resources can be regarded as candidate resource set Y, the interval between two overlapped set may be larger than the PDB of the transmission. As shown in Figure 1, for a reservation period P1(100ms), the periodic sensing occasion is a set of slots with period P1, as the blue block. and for a reservation period P2(60ms), a periodic sensing occasion is a set of slots with period P2, as the orange block. From Figure 1, we can see only the common multiple of P1 and P2 are overlapped in time domain, e.g., slot y1 and slot y8. The interval between the two time overlapped locations is 300 ms, which is larger than PDB of the transmission, e.g., 100 ms. Based on above analysis, if no more instruction is introduced, the following observation can be got:
[bookmark: _Toc71624932][bookmark: _Toc79224104]If sensing is performed independently based on each reservation period in time domain, it is hard to select a candidate resource set Y which is evaluated by the sensing based on all reservation periods and meets the PDB requirement. 

To ensure the sensing reliability and align with the achieved agreements, the candidate resource set Y should be evaluated by all of Preserve values and get ready for every potential resource (re)selection trigger event. With this consideration, sensing can be done periodically, e.g. in each sensing gap, at least one candidate resource set Y should be evaluated by all of Preserve values. An example is shown in Figure 2, in each sensing gap, the UE monitors slots of at least one periodic sensing occasions, where a periodic sensing occasion is a set of slots according to [2].



Figure 2 : An example of partial sensing with sensing gap
[bookmark: _Toc71620777][bookmark: _Toc71577639]As shown in Figure 2, during each sensing gap(100ms), there is a candidate resource set Y(e.g. at slots x12, x22), and it is evaluated by both P1 and P2. Even though the resource (re)selection triggering slot n is not expected by UE, if UE performs sensing per sensing gap, when the resource (re)selection triggering event comes, UE can find a proper set Y within a sensing gap which is evaluated by all of Preserve values. Thus the reliability and PDB requirement can be ensured. Based the analysis, the following proposal is given:
[bookmark: _Toc71620808][bookmark: _Toc71620785][bookmark: _Toc71577698][bookmark: _Toc71577721][bookmark: _Toc71624938][bookmark: _Toc13885][bookmark: _Toc1875][bookmark: _Toc79224124]For periodic partial sensing, the periodic sensing occasions that UE monitors should be within a sensing gap. 
(2) k value for periodic-based partial sensing
The value of k is used to determine the occasion(s) within a sensing gap for periodic-based partial sensing. It is common understanding that during a sensing gap, the more sensing occasions taken, the better reliability, but the more power consumption there exists. To balance the reliability and power consumption, we think the upper boundary of k value can be provided(the lower limit is one as agreement). UE can select one or more k values by UE implementation which should not surpass the boundary. 
[bookmark: _Toc71624940][bookmark: _Toc79224125]The upper boundary of k value should be (pre-)configured. UE determines k value by UE implementation.
· Contiguous partial sensing
Contiguous partial sensing is helpful to evaluate whether the selected resource is reserved by other UEs specifically for aperiodic service (re-)transmission. As shown in Figure 3, With additional short term sensing, the collision due to aperiodic traffic during the gap between partial sensing gap and resource selection window can be mitigated. The length of the contiguous partial sensing window cannot be larger than PDB. 


Figure 3 : An example for short term sensing
In our understanding, contiguous partial sensing may be triggered when service package arrives at MAC layer, e.g., at the slot of resource selection is triggered. So the resource selection trigger in slot n or a separate MAC indicator can be used to trigger contiguous partial sensing. That means UE can be triggered to perform contiguous partial sensing between slot [n1, n2-Tproc]. Here n1 and n2 are respectively indicated by high layer, Tproc is subject to processing time restriction. 
[bookmark: _Toc32565][bookmark: _Toc71624942][bookmark: _Toc1577][bookmark: _Toc79224126]UE can be triggered to perform contiguous partial sensing by the resource (re)selection triggering or a MAC indication.
[bookmark: _Toc27231][bookmark: _Toc71624943][bookmark: _Toc29779][bookmark: _Toc79224127]UE shall perform contiguous partial sensing between slot [n1, n2-Tproc]. Here n1 and n2 are respectively indicated by high layer, Tproc is subject to processing time restriction.

Random resource selection
In Rel-17, it is assumed that sidelink resource pool can be configured for sharing among power saving UEs and V-UEs. In addition, it is agreed in RAN1 #103-e meeting that different RA schemes, i.e., full sensing, partial sensing and random selection, can be configured with any combination(s) in a resource pool. 
When V-UEs configured with full sensing and power saving UE configured with partial sensing are sharing the same resource pool, since V-UE can perform full sensing and power saving UE can perform partial sensing, they can both identify each other’s transmission by sensing.
If only random resource selection is configured for a resource pool, the transmission based on random resource selection is fair to other UEs which are also configured with random selection. Therefore, no enhancement need to be considered.
If random resource selection is configured to coexist with other RA schemes, e.g., full sensing and partial sensing, UE with random resource selection doesn’t perform sensing before resource selection, the randomly selected resources may overlap with the resources reserved by UE with other RA schemes. This would decrease the transmission reliability for those UE with sensing. 
[bookmark: _Toc24096][bookmark: _Toc71624933][bookmark: _Toc6885][bookmark: _Toc2842][bookmark: _Toc79224105]In a resource pool that allows random resource selection and other RA schemes, random resource selection would decrease the performance of UEs with other RA schemes. 
[bookmark: _Toc71624934][bookmark: _Toc79224106]In order to mitigate the resource collision issue, the reservation information of the resources which are selected by random resource selection should be informed to other UEs before its transmission. For example, if a resource is selected by random selection UE, before its transmission, a SCI conveying the reservation information of this resource is sent out firstly, then it can be used for sensing by the UEs with sensing-based RA scheme.
[bookmark: _Toc71624944][bookmark: _Toc79224128]To mitigate resource collision between UEs with (full or partial) sensing and random selection, random selection UE with high priority can reserve the resource by sending reservation indication before its data transmission. 
Consideration on the impact of sidelink DRX 
In RAN #90e meeting, the bullet “This work should consider the impact of sidelink DRX, if any.” was added into the objective of the power saving in Rel-17 sidelink WID [4]. It means that RAN1 should estimate whether sidelink DRX has an impact on the resource allocation design for power saving UEs.
In RAN2 #113-e meeting, agreements are reached as following:
	For data reception, RAN2 defines the behaviour for monitoring the SCI reception (i.e., PSCCH and 2nd SCI on PSSCH) during the SL active time for SL DRX. For data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. Sensing aspect is not considered in this agreement.


It can be seen that RAN2 does not specify the operation of sensing under SL DRX inactive time for power saving UE.
RAN1 understands that sidelink DRX can be configured towards the UE with partial sensing. When the configured sidelink DRX is under active time (on duration), UE needs to monitor control channel for the purposes of both data reception and sensing. From the perspective of reliability and power consumption of sidelink communication, RAN1 hopes that the configuration of sidelink DRX can be aligned with the partial sensing parameters. If sidelink DRX is configured based on the partial sensing parameters, i.e. the sensing occasions are mostly in the duration of DRX active time, we think SL DRX has less impact on sensing reliability. And the following proposal is given: 
[bookmark: _Toc22228][bookmark: _Toc25036][bookmark: _Toc32033][bookmark: _Toc71624945][bookmark: _Toc23761][bookmark: _Toc32670][bookmark: _Toc9202][bookmark: _Toc79224129]For power saving, the partial sensing parameter should be taken into sidelink DRX (pre-)configuration.
However, it may be difficult to guarantee sidelink DRX configuration and partial sensing configuration are always aligned. For example, for a unicast Rx UE, SL DRX configurations for different source/destination pairs may be different under different Tx UEs. Tx UE may be uncertain about SL DRX configuration granularity (whether per direction or for both directions) of other Tx UEs or which direction of the pair should be assumed to perform sensing. 
If a Tx UE only performs sensing within ON duration depending on the DRX configuration of its own direction to its Rx UE, it is likely that failure to identify the resource reserved by other Tx UEs and consequent collision would happen. The performance degradation due to collision is demonstrated in Fig.4 and Fig.5, whose detailed simulation assumptions are attached in the appendix. 
In our simulations, there are three kinds of UEs in term of inter-packet arrival time:30 ms, 70 ms, and 100 ms. And the DRX circle is set as 100ms. Two scenarios are evaluated, in each scenario, three cases are simulated:
Scenario 1: The proportions of the three kinds of UEs are 1:1:1. This scenario simulates that the periodic of 1/3 UEs are  aligned with the SL DRX cycle. 
Scenario 2: The proportions of the three kinds of UEs are 5:1:1. This scenario simulates that the periodic of 1/7 UEs are  aligned with the SL DRX cycle. Considering that up to 16 Preserve values (or values of sl-ResourceReservePeriodList) can be configured for one resource pool, the proportions of the three kinds of UEs 5:1:1 seems a reasonable case.   

[image: 111_180]
Figure 4 : Performance evaluation for the impact of SL DRX on sensing(Scenario 1)
[bookmark: _GoBack][image: 511_180]
Figure 5 : Performance evaluation for the impact of SL DRX on sensing(Scenario 2)
From Fig. 4 and 5, we can observe that among three cases in each scenario, the PRR performance of the case only sensing within on-duration degrades significantly compared with the case sensing w/wo on-duration. Comparing the two scenarios, it is observed that, the more SL DRX cycle and values of sl-ResourceReservePeriodList are misaligned, the greater the performance degradation.  
Considering the performance degradation, it's unfair to restrict partial sensing to DRX on duration. The following observation and proposal are given:
[bookmark: _Toc15914][bookmark: _Toc71624935][bookmark: _Toc3131][bookmark: _Toc20967][bookmark: _Toc79224107]If assuming partial sensing can only be performed during active duration, the PRR performance will degrade significantly.
[bookmark: _Toc79167971][bookmark: _Toc79224130]A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
HARQ feedback for power saving UE
In Rel-16 NR V2X, HARQ feedback is supported for unicast and groupcast. Based on configured resource, the receiving UE sends HARQ information in PSFCH to assist the transmitting UE to determine whether the retransmission is needed. By the means of HARQ feedback based retransmission, the reliability of sidelink communication can be improved. In Rel-17, P-UE may perform unicast and group cast as well. For example, in the case of dynamic ride sharing, a P-UE supporting a V2X application needs to establish direct unicast communication with a V-UE based on discovery results. 
[bookmark: _Toc106][bookmark: _Toc15864][bookmark: _Toc71624949][bookmark: _Toc14108][bookmark: _Toc19777][bookmark: _Toc22189][bookmark: _Toc28184][bookmark: _Toc18035][bookmark: _Toc13759][bookmark: _Toc79224131]Sidelink unicast, groupcast and broadcast communication should be supported for power saving UE in Rel-17.
Thus whether HARQ feedback is supported for power saving UE can also be considered. For sidelink unicast and groupcast, if HARQ feedback is supported, it would be beneficial for improving the reliability of sidelink communication. It is observed that there is no particular traffic type or Qos requirement for power saving UE, we think legacy HARQ feedback can be reused.
[bookmark: _Toc22387][bookmark: _Toc71624950][bookmark: _Toc22887][bookmark: _Toc29538][bookmark: _Toc27657][bookmark: _Toc14727][bookmark: _Toc9479][bookmark: _Toc22238][bookmark: _Toc14248][bookmark: _Toc5663][bookmark: _Toc24348][bookmark: _Toc79224132]Legacy HARQ feedback can be reused for power saving UE in Rel-17.

Conclusion
This contribution concludes with the following observations and proposals:
Observation 1:	If sensing is performed independently based on each reservation period in time domain, it is hard to select a candidate resource set Y which is evaluated by the sensing based on all reservation periods and meets the PDB requirement.
Observation 2:	In a resource pool that allows random resource selection and other RA schemes, random resource selection would decrease the performance of UEs with other RA schemes.
Observation 3:	If assuming partial sensing can only be performed during active duration, the PRR performance will degrade significantly.

Proposal 1:	Periodic-based partial or contiguous partial sensing can be (pre-)configured to operate independently or jointly in one resource pool.
Proposal 2:	For periodic partial sensing, the periodic sensing occasions that UE monitors should be within a sensing gap.
Proposal 3:	The upper boundary of k value should be (pre-)configured. UE determines k value by UE implementation.
Proposal 4:	UE can be triggered to perform contiguous partial sensing by the resource (re)selection triggering or a MAC indication.
Proposal 5:	UE shall perform contiguous partial sensing between slot [n1, n2-Tproc]. Here n1 and n2 are respectively indicated by high layer, Tproc is subject to processing time restriction.
Proposal 6:	To mitigate resource collision between UEs with (full or partial) sensing and random selection, random selection UE with high priority can reserve the resource by sending reservation indication before its data transmission.
Proposal 7:	For power saving, the partial sensing parameter should be taken into sidelink DRX (pre-)configuration.
Proposal 8:	A UE can perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time.
Proposal 9:	Sidelink unicast, groupcast and broadcast communication should be supported for power saving UE in Rel-17.
Proposal 10:	Legacy HARQ feedback can be reused for power saving UE in Rel-17.
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Appendix

	Parameter
	value

	Deployment
	Urban scenario

	Carrier frequency
	6 GHz

	Bandwidth 
	40 MHz

	Subcarrier spacing
	30 kHz

	P-UE drop
	As specified in TS 36.885.

	V-UE drop
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Vehicle speed is 60 km/h in all the lanes for the urban scenario.

	Cast Type
	Broadcast

	Traffic model for Vehicle UE (V-UE)
	Periodic traffic:
Model 2 (medium traffic intensity)
- Inter-packet arrival time: 30 ms & 70 ms & 100 ms
- Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8

	Traffic model for Pedestrian UE (P-UE)
	Traffic type: periodic traffic
Packet arrival interval: 500 ms
Packet latency requirement: 100 ms
Packet size: 300 bytes

	Max Transmission number
	2

	DRX parameter for pedestrian UE
	DRX cycle: 100 ms

	Sensing scheme for PUE
	Partial sensing

	Sensing scheme for VUE
	Full sensing

	Channel model
	Follow TR 37.885 with modifications according to the agreements in RAN1 #103-e meeting

	Receiver algorithm
	MMSE-IRC
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