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Introduction
[bookmark: _Hlk510705081]In RAN1#103 [2], the following agreements and conclusions were made related to Rel-17 sidelink resource allocation for power saving:
	Conclusion
· SL reception Type A and Type D should be used as the reference for evaluation and designing of SL power saving features in R17. 
· [bookmark: _Hlk61528285]Type A: UE is not capable of performing reception of any SL signals and channels, FFS with exception of performing PSFCH and S-SSB reception (aim to conclude in RAN1#104-e)
· Type D: UE is capable of performing reception of all SL signals and channels defined in R16. It does not preclude UE to perform reception of a subset of SL signals/channels
· If there are evaluations with assumptions other than the above reference, the detailed assumptions need to be reported
· Note: the types and the associated capability defined here are not intended to be defined as Rel-17 UE features as is. 


Agreements:
· Partial sensing based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection
 
Agreements:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.
 

Agreements:
· Re-evaluation and pre-emption checking are not supported by UEs that do not perform any sensing (i.e. PSCCH reception)
· Re-evaluation and pre-emption checking are supported by UEs that perform sensing
· FFS details and any conditions(s) in which re-evaluation and pre-emption can be performed
· FFS whether/how re-evaluation and pre-emption can be supported by UEs performing random resource selection that do perform sensing
· Note: details about sensing in this context, including when it is performed, are not decided yet.
 
Agreements:
· Further study congestion control based on CBR and CR for power saving RA schemes
· Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes
· Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement



Additionally, in RAN#90e, the objective concerning this agenda item was revised in the WID [1] to also “consider the impact of sidelink DRX, if any”:
	· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.



In this contribution, we continue the discussion and provide our views on enhancements to sidelink resource allocation for power saving.

Resource allocation for power saving in mode 2 
The standardization of Rel-16 NR sidelink focused on vehicle-to-vehicle (V2V) communication in V2X use cases. The design is based on the assumption of “always-on” when a UE operates sidelink, since vehicular UEs are installed in vehicles with sufficient battery capacity. A UE performs blind decoding of PSCCHs in all slots except the slots in which it needs to transmit. This is for the following two purposes: 
1. The UE checks whether the associated PSSCH is of interest to it and hence decides whether it needs to go ahead and decode the PSSCH; 
2. The UE acquires information of resource allocations by other UEs to enable mode 2 (sensing-based) resource allocation.     
In Rel-17, NR sidelink will support new use cases including V2P (vulnerable road users (VRUs)) in V2X use cases, public safety and commercial use cases, as identified in WID [1]. UEs for these use cases, such as SL reception type-A UEs, are energy sensitive and therefore their power consumption needs to be minimized. Hence solutions for power saving in Rel-17 are required. In LTE V2X sidelink (Rel-14/15), random resource selection and partial sensing based resource selection were supported as power efficient RA schemes especially for the pedestrian UEs. These two RA schemes are assumed as the baseline in Rel-17 for power efficient RA schemes with potential further enhancements, as described in the WID [1]. 
2.1 Random resource selection
With random resource selection, the transmitting UE randomly selects a resource in the resource selection window to transmit the data packet. For periodic traffic, the UE may reserve the corresponding resource in the next period for the transmission of the next TB. As there are no channel sensing operations, the random resource selection can significantly reduce the power consumption. On the other hand, the benefit of power saving is achieved at the cost of potential increased collisions with other UEs (including sensing UEs and other random selection UEs). 
The random resource selection can be used under the following scenarios: 
· C1: Some UEs, e.g. P-UEs, may have no SL receiving capability or have no sufficient battery capacity to support SL receiving. As agreed in last RAN1 meeting, SL UEs that are not capable of performing reception of any SL signals and channels except PSFCH and S-SSB are called SL reception type-A UEs. In some scenarios, these UEs need to transmit sidelink packets to nearby UEs (e.g. to vehicle UEs for traffic safety purpose). In this case, they have to use random resource selection. 
· C2: For UEs that have sensing capability but still intend to keep power consumption as low as possible, they may start the sensing operations only after the arrival of data packets (especially aperiodic packets). The UEs may have to use random resource selection at least for the initial transmission if the latency requirement is stringent. 
· C3: The UEs may use random resource selection under the condition that both random selection and (partial) sensing based RA are configured for the resource pool and at the same time, and the measured CBR of the pool is sufficiently low.  
As mentioned above, the cost of random resource selection is the potential collisions with other UEs e.g. sensing UEs or other random resource selection UEs. This issue will further deteriorate if persistent collisions occur (when random resource selection with resource reservation is used for periodic packets and the period is the same for the colliding UEs). So, enhancement to the random resource selection is desired to alleviate the potential collisions, especially the persistent collisions. 
As an example of an enhancement, one possible approach of random resource selection for periodic packets can be performed as follows:
· After the initial resource (re)selection is triggered, the UE randomly selects the resource within the selection window. The selected resource is denoted as  where x denotes the index of starting subchannel and y the index of SL slot in the pool (i.e. the slot ).  
· In the transmission over the selected resource , the UE makes resource reservation for a new TB in the next period with a pseudo-random frequency hopping, i.e. reserve the resource  where P denotes the reservation period in logical SL slots in the pool converted from the reservation period in milliseconds and A denotes the frequency hopping offset determined pseudo-randomly e.g. by the CRC bits of the associated PSCCH. 
· The resource reservation with pseudo-random frequency hopping is performed in each of the subsequent resource reservation periods before the next resource (re)selection, i.e. the reserved resource in the (n+1)-th period is determined by the used resource in the n-th period together with the frequency hopping offset which depends on the CRC bits of PSCCH (transmitted in the n-th period).
This enhanced random resource selection can effectively alleviate the collision issues with other UEs. On one hand, due to the pseudo-randomness of the frequency hopping (which could be decided by PSCCH CRC bits), the potential persistent collisions with (partial) sensing UEs or with other random selection UEs can be avoided generally. On the other hand, the resource reservation can be known and avoided by the sensing UEs, e.g. Rel-17 sensing UEs that share the same resource pool with the random selection UEs. Note that the usage of the enhanced random resource selection and reservation can be dynamically indicated e.g. with 1 bit in PSCCH and can be disabled flexibly when in need.
Observation 1: Random resource selection could be used under the conditions e.g. with no sensing capability, no sensing results available for urgent use or when the CBR of the pool is sufficiently low. 
Proposal 1: RAN1 to discuss the enhancements for random resource selection to alleviate the collisions with sensing UEs and other random selection UEs. Support frequency hopped resource reservation as one enhancement for random resource selection.

2.2 Partial sensing-based RA
Another RA for power saving is the partial sensing based RA which was defined in Rel-14 and is taken as baseline in Rel-17 SL enhancement [1]. Fig. 1 shows an example of the partial sensing procedure defined in Rel-14. Here, it is assumed that a resource selection event for each P-UE can only be triggered at specific points of time, e.g. every 1 second and the interval between adjacent time points is split into 10 sub-intervals and is indicated by a 10-bit bitmap signalling (gapCandidateSensing) whether to sense each sub-interval or not. 
It is known that the Rel-14 partial sensing design is based on the assumption of periodic sidelink packets with potential periods of k*100ms, k=1,2,…,10 (note that in Rel-14, periods of 20ms and 50ms are not supported for P2X transmission pool). For NR Rel-16 SL, a larger number of periodicities are supported for periodic transmission with additional much finer resource reservation periods. In detail, two groups of resource reservation periods are configurable in Rel-16: the first group with periods {0, 100, 200, …, 1000}ms and the second group with periods of {1, 2, …, 99}ms. It is noted that the existing partial sensing procedure can be directly reused for the first group of periods. However, for the second group of periods, it seems not easy how to adapt the Rel-14 partial sensing procedure to be used universally with the finer and more irregular periods. To reduce the workload in RAN1, one option is to only support the first group of periods for the pool that is configured with partial sensing based RA (similar to Rel-14 where the smaller periods of 20ms and 50ms are not supported for P2X pools). 
[bookmark: _Hlk61941462]Proposal 2: Support resource reservation periods {0, 100, 200, …, 1000} ms, and further study whether/how to support the resource reservation periods of 1~100ms for the partial sensing based RA. 



[bookmark: _Ref47553192]Figure 1    Example of LTE Rel-14 sidelink partial sensing
In NR SL, both periodic and aperiodic sidelink packets need to be supported and for resource efficiency, the periodic and aperiodic packets may coexist in the same resource pool. In this case, the baseline partial sensing mechanism shall be enhanced to support coexistence of periodic and aperiodic packets. A straightforward potential scheme is to introduce additional partial sensing pattern besides the one already defined in the existing partial procedure. The new partial sensing pattern could consist of multiple contiguous logical sidelink slots before the resource selection and it can be used to avoid the collisions with retransmissions of aperiodic packets. The partial sensing device may use one or both the partial sensing patterns depending on the statistical amount of resources consumed by periodic and aperiodic packets. For example, in the resource pool configuration, either or both of the partial sensing patterns could be configured and in case of both patterns configured, the partial sensing UEs could adaptively use one or both of the partial sensing patterns based on the measurements of statistical amount of resources occupied by the periodic and aperiodic packets in the resource pool.
[bookmark: _Hlk54179913][bookmark: _Hlk61527576]Proposal 3: Define two separate partial sensing patterns for periodic and aperiodic packets and either or both of the partial sensing patterns can be (pre)configured for the resource pool.  


Figure 2    Illustration of the two partial sensing patterns
2.3 Enhanced power efficient resource allocations for public safety and commercial use cases
[bookmark: _Hlk47426974]As described in the previous section, Rel-14 sidelink random resource selection and partial sensing can be applied/enhanced for VRUs in NR V2X use cases in Rel-17. But for public safety and commercial (e.g. wearables) use cases, usually a UE needs to receive/decode packets at sidelink. Thus Rel-14 sidelink random resource selection and partial sensing can only be used for power saving in sensing in mode 2 resource allocation. They can’t be used for power saving in packet reception. In order to achieve power saving in SL reception, new solutions may be needed to reduce the power consumption for public safety and commercial use cases. Besides, NR SL introduces two new cast-types, unicast and groupcast, which are not available in LTE Rel-14 sidelink. New solutions are certainly needed to accommodate NR SL unicast/groupcast for power reduction.
[bookmark: _Hlk61941506]Observation 2: SL UEs usually need not only to transmit but also receive SL communication for public safety and commercial use cases.
Proposal 4: RAN1 may specify new solutions of power consumption reduction in SL reception especially for public safety and commercial use cases. 
[bookmark: _Hlk54172001][bookmark: _Hlk61436792][bookmark: _Hlk61429673]Public safety and commercial use cases have requirements and data traffic characteristics quite different from those in V2X.  For example, for public safety, VoIP is the typical data traffic supported with the tolerable end-to-end delay for a VoIP packet at sidelink being as long as 200 ms. For V2X, the shortest latency of 3 ms is required to be supported for some scenarios. Thus different requirements and data traffic characteristics should be exploited for scheme design to reduce power consumption at UE. For public safety, a receiving UE may monitor a partial region of a period (similar as control region specified for Rel-12 sidelink) to determine whether or not to turn on in the rest of the period. The period can be configured based on latency requirement and data traffic characteristic. By exploiting Rel-16 sidelink resource reservation mechanism, a gNB can (pre-)configure a monitoring interval and a retransmission interval in a period, as shown in the following figure. The first transmission of a TB (transport block) is always limited in the monitoring interval. Only the retransmissions of a TB are allowed in the retransmission interval. Thus, a receiving UE only receives/decodes PSCCHs/PSSCHs in the monitoring interval and then determines whether to turn on in the retransmission interval. This can effectively save power consumption in SL reception.
              [image: ]
               Figure 3    Power efficient resource allocation for public safety
Sidelink communications for V2X (V2V and V2P), public safety, and commercial use cases usually don’t coexist in the same SL resource pool. First, sidelink communications for different use cases may be assigned to different spectrum. For example, while dedicated ITS spectrum is used for V2X, dedicated public safety spectrum is used for the public safety use case. Second, even if different use cases may share the same spectrum (e.g. the licensed spectrum shared with NR/LTE Uu), it’s more suitable and efficient to assign them to different resource pools. For example, there are multiple options for resource pool for partial sensing and full sensing: Option 1: use a specific resource pool for partial sensing/random selection only; Option 2: consider conditions to enable partial sensing in a full-sensing resource pool. With these considerations, we shall have a flexible SL power reduction design so that the requirements for a specific use case can be met. 
Based on the above analysis, enhancements to resource allocation for power saving can be specific to a use case if the enhancements don’t incur substantial cost to R16 UE.  
Observation 3: Variant requirements and data traffic characteristics for V2P, public safety and commercial use cases should be exploited for scheme design to reduce power consumption at UE. 
Observation 4: Sidelink communications for V2X (V2V and V2P), public safety, and commercial use cases usually don’t coexist in the same SL resource pool.
Proposal 5: Consider enhancements to resource allocation for power saving be specific to a use case if the enhancements don’t incur substantial cost to R16 UE.  
Proposal 6: 
· For public safety use case, to reduce UE power consumption, consider a receiving UE monitor a partial region of a period (similar as control region specified for Rel-12 sidelink) to determine whether to turn on in the rest of the period. 
· [bookmark: _Hlk61941547]To inherit Rel-16 PSCCH/PSSCH channel structure, consider limiting the first transmission of a TB (transport block) in this partial region.

On sidelink DRX aspects 
In the WID [1], RAN2 was tasked with the following objectives concerning SL DRX:
	Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE


According to the WID, SL DRX operation implies that the UE will have periods where it will be actively monitoring the resource pools in the PC5 interface for incoming transmissions (i.e. DRX On duration) and periods where it will not (i.e. DRX Off duration). Therefore, a SL UE assuming the role of Rx (i.e. with no data in its buffers to be transmitted) will only be monitoring the resource pools in the PC5  during the active periods (i.e. during DRX On duration).
In mode 2, a SL UE assuming the role of a Tx can perform its resource selection: (a) Randomly, (b) with partial sensing or (c) full sensing. For (b) and (c) the UE will have to monitor the resource pool for PSCCH for a period of time. If a SL Tx UE is not allowed to monitor the resource pool during a DRX Off period then this will restrict the sensing to only occur during DRX On periods. On the other hand, if sensing is not restricted by DRX operation, then there will be no impacts on the resource selection.
[bookmark: _Hlk61527631]Observation 5: If the sensing is not restricted by DRX operation, then there will be no impacts on the resource selection.
In RAN 2, the following agreements were made:
	4:    If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.
7:    Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.


Proposal 7: RAN 2 should clarify if a SL UE that has data to send can perform sensing during DRX Off (inactive time) periods. 

Conclusion
In this contribution, we provide our views on enhancement to sidelink resource allocation for power saving, summarized in the following observations and proposals:
Observation 1: Random resource selection could be used under the conditions e.g. with no sensing capability, no sensing results available for urgent use or when the CBR of the pool is sufficiently low. 
Observation 2: SL UEs usually need not only to transmit but also receive SL communication for public safety and commercial use cases.
Observation 3: Variant requirements and data traffic characteristics for V2P, public safety and commercial use cases should be exploited for scheme design to reduce power consumption at UE. 
Observation 4: Sidelink communications for V2X (V2V and V2P), public safety, and commercial use cases usually don’t coexist in the same SL resource pool.
Observation 5: If the sensing is not restricted by DRX operation, then there will be no impacts on the resource selection.
Proposal 1: RAN1 to discuss the enhancements for random resource selection to alleviate the collisions with sensing UEs and other random selection UEs. Support frequency hopped resource reservation as one enhancement for random resource selection.
Proposal 2: Support resource reservation periods {0, 100, 200, …, 1000} ms, and further study whether/how to support the resource reservation periods of 1~100ms for the partial sensing based RA. 
Proposal 3: Define two separate partial sensing patterns for periodic and aperiodic packets and either or both of the partial sensing patterns can be (pre)configured for the resource pool.  
Proposal 4: RAN1 may specify new solutions of power consumption reduction in SL reception especially for public safety and commercial use cases. 
[bookmark: _GoBack]Proposal 5: Consider enhancements to resource allocation for power saving be specific to a use case if the enhancements don’t incur substantial cost to R16 UE.  
Proposal 6: 
· For public safety use case, to reduce UE power consumption, consider a receiving UE monitor a partial region of a period (similar as control region specified for Rel-12 sidelink) to determine whether to turn on in the rest of the period. 
· To inherit Rel-16 PSCCH/PSSCH channel structure, consider limiting the first transmission of a TB (transport block) in this partial region.
Proposal 7: RAN 2 should clarify if a SL UE that has data to send can perform sensing during DRX Off (inactive time) periods. 
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