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1 Introduction
The following objective is included in the work item description [1] of Release 17 Sidelink enhancement:
	Resource allocation enhancement:

· 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.


In this contribution, we provide our initial considerations on potential resource allocation enhancement for power saving. 
2 Discussion
2.1 Use case and UE capacity
From [1], three use cases are included in Rel-17 sidelink enhancement work item. Therefore, the power saving requirement for all the use cases should be considered. 

For V2x use cases

In Rel-14 LTE V2x, the requirement of power saving is only for pedestrian UEs which are equipped with battery power. It is assumed that vehicle UEs and RSUs have sufficient power for sidelink communications. In addition, it is assumed that pedestrian UEs may be with only sidelink transmission capability. The pedestrian UEs would only broadcast basic safety messages, and it would be vehicle UEs’ responsibility to avoid potential traffic accidents. The resource allocation enhancements for power saving in LTE V2x is only for P2V communications. The typical traffic for a LTE V2x pedestrian UE is (semi-)periodic traffic with relatively longer period time (e.g. 1s) due to the relatively low UE speed. 
The requirement of power saving in 5G V2x can be similar as that in LTE V2x. That is, only pedestrian UEs in 5G V2x are UEs with limited power which have power saving requirements. Similar as in LTE V2x, a 5G V2x pedestrian UE may have only sidelink transmission capability without sidelink reception capability. However, due to the introduction of more advanced V2x applications, the traffic of a 5G V2x pedestrian UE may be different from that of a LTE V2x pedestrian UE. Both periodic and aperiodic traffic should be considered. A similar traffic model as 5G V2x vehicle UEs can be considered. In addition to P2V communications, RAN1 should make decision on whether V2P communication is also assumed for power saving of pedestrian UEs. 
Observation 1: For 5G V2x use cases, the power saving requirement is for pedestrian UE only

· At least P2V communication is assumed
· A 5G V2x pedestrian UE may only have sidelink Tx capability without sidelink reception capability 
Proposal 1: RAN1 should make decision on whether V2P communication is also assumed for power saving of pedestrian UEs

For public safety and commercial use cases
In public safety and commercial use cases, hand-held devices equipped with battery power are assumed. The power consumption of these devices needs to be optimized. To satisfy the application requirement of PS or commercial services, PS or commercial UE should have both sidelink transmission and reception traffics. The traffic characteristics of PS or commercial UEs would be different from that of V2x UEs, and traffic models similar as NR cellular UEs can be considered. 
Observation 2: For commercial and public safety services, the power saving requirement is for all the UEs
· A commercial or PS UE shall have both sidelink Tx capacity and Rx capacity, and have both Tx and Rx sidelink traffics
2.2 Potential power saving enhancements 

From [1], the baseline of the power saving enhancement would be to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing. NR sidelink mode 2 resource allocation should be the focus. 
Similar as in LTE V2x, NR V2x Mode 2 resource allocation assumes vehicle UE to be sensing all the time except when it is transmitting. UEs need to keep sensing to be aware of the potential interference around itself, and select the resource with tolerable interference for data transmission. However, sensing consumes a lot of power. Random resource selection and partial sensing aim to reduce the duration of UE sensing, and thus reduce the UE power consumption.
2.2.1 On random resource selection
Considering that some V2x pedestrian UE may support only sidelink transmission capacity, random resource selection should be supported at least for these UEs. Similar as in LTE V2x, whether random resource selection is supported in a Tx resource pool should be (pre-)configurable. 
Impact on system performance

It should be noted that random resource selection would degrade system performance if it is abused. In Rel-14 LTE V2x, the traffic load of pedestrian UEs are assumed to be relatively low. For example, in the evaluation, the traffic periodicity of pedestrian UEs are assumed to be 1000ms due to its low UE speed. In such a case, sensing based resource selection is still dominant. Therefore, collisions among pedestrian UEs are rare, and most collisions between vehicle UEs and pedestrian UEs can be resolved by vehicle UE sensing. However, things would be quite different for public safety and commercial use cases, where most of UEs have power saving requirement. If all the power saving UEs use random resource selection to save the power consumption, the collision probability would be rather high; otherwise a very sparse resource pool has to be allocated and the resource efficiency would be rather low.
Therefore, conditions or restrictions should be defined on when or which device can use random resource selection, at least for public safety and commercial use cases. The number of UEs which use random resource selection or the number of time-frequency resources that are selected by random resource selection should be limited. 
Proposal 2: When or which device can use random resource selection should be restricted, at least for public safety and commercial use cases
HARQ feedback mechanism can be used together with random resource selection to improve the reliability degradation due to higher collision probability. Similar as in LTE V2x, resource reservation should be supported if partial sensing based resource allocation is also allowed so other UEs with sensing capability can resolve the potential collisions.
Assuming that a UE using random resource selection may not have sidelink reception capability, re-evaluation and pre-emption mechanism defined in R17 5G V2x cannot be applied. It would be helpful if UEs with sensing capability could distinguish whether a resource reservation can be re-evaluated or pre-empted or not, otherwise some avoidable collision may happen. RAN1 can further investigate the benefit and potential solutions to distinguish such difference. 
2.2.2 On partial sensing
In Rel-14 V2x, the basic safety services are targeted, and periodic data transmission are assumed. The resource reservation in Rel-14 V2x is periodical, and most of the supported reservation periods are integer multiplexing of a given period (100ms). Therefore, given the set of candidate resource for selection, it is possible for a pedestrian UE to monitor only a small part of time, such that all the potential reservations for resources in the set are monitored. For example, assuming packet delay budget is 100ms, and the minimum number of subframes with candidate resource is configured to be K, there should be K subframes with candidate resources every 100ms. Assuming that the set of reservation period values is {100, 200, 300, …, 1000}ms, ideally a Rel-14 LTE V2x partial sensing UE can wake up to sense for K ms every 100ms, as shown in Figure 1 (a).
However, in 5G V2x, the number of values of supported reservation periods is much higher, and the configured periods for a sidelink resource pool can be much more flexible. All the values from 1 to 99 ms are supported to be a reservation period, and thus the configured reservation period set may be irregular. For example, use the same assumptions as in Figure (a) that the packet delay budget is 100ms, and the minimum number of subframes with candidate resource is configured to be K. Assuming there are 10 configured period values {T1, T2, …T8, 100, 1000}ms, a UE would need to wake up for 9*K slots every 100ms, as shown in Figure 1(b). Assuming 15KHz SCS is used as in LTE, the duration of time that a 5G V2x UE needs to sense will increase 9 times compared with that of LTE V2x UE.
In addition, 5G V2x supports resource reservation for data re-transmissions of the same TB. A UE with partial sensing would have to monitor more time durations to avoid any potential detection missing of SCI reserving resource in a given set of candidate resources. Using the same assumptions as in Figure 1(a), if aperiodic resource reservation is considered, addition 31 slots may need to be sensed every 100ms, as shown in Figure 1(c). The duration for partial sensing UE to sense increases a lot.
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Figure 1: illustration of impact of irregular period and aperiodic reservation
Observation 3: The power saving gain of partial sensing would be degraded due to irregular reservation period configuration and resource reservation for retransmissions of the same TB.
On the other hand, Rel-14 V2x partial sensing only considers P2V communications. If V2P communication is also considered, or in commercial/PS use cases, UE has to blindly detect SCI in every slot to identify data transmissions destined to itself.  In such a case, partial sensing cannot work as UE has to wake up for data reception other than sensing. 

Observation 4: If power saving UE needs to receive sidelink communications, partial sensing cannot save UE power consumption.

To resolve the performance degradation of partial sensing, the following enhancement options can be considered: 
1) Configurable UE sensing behavior

In LTE V2x partial sensing, the requirement of UE sensing is (pre)-configured but the detailed UE sensing behavior is not defined. How a partial sensing UE senses to satisfy the configured requirement is not defined in specification but by UE implementation. 
If the sensing behavior of a partial sensing UE is configurable and can be known by other UEs in communication with itself, the UE can expect that all the sidelink transmissions destined to itself happen only during its sensing duration, and thus can achieve power saving gain without losing data reception. 
2) Relaxing partial sensing requirements
In Rel-14 V2x, the partial sensing UE may be (pre-)configured a subset of reservation periods with which the partial sensing requirements should be satisfied. Some periodicity values with relatively low collision probability can be ignored to make sure that UE can be in sleep state in a duration as long as possible. The same principle can be considered in Rel-17 sidelink enhancement, especially when dealing with irregular period values and aperiodic reservation. A partial sensing UE which selects resource for aperiodic data transmission may ignore the periodic reservations, and vice versa. The duration of time that UE can stay in sleep states can thus be prolonged, but it should be carefully examined whether the system performance would be degraded significantly.
2) Trade-off between latency and sensing duration
For aperiodic reservation, as a SCI can only reserve resource in the next 31 slots, there would be no resource collision expected if a UE selects resource in slots which are equal or more than 32 slots later. Therefore, if not considering the collision with periodic resource reservation, a UE can randomly select resource without expected collision if the selection window starts from 32 slots later. The potential trade-off between latency and sensing duration can be considered.
Proposal 3: RAN1 should further investigate the following potential enhancements on partial sensing:

· Configurable UE sensing behaviour

· Relaxing partial sensing requirements

· Trade-off between latency and sensing duration
3 Conclusion
In this contribution, we discuss the potential enhancement for power saving. Based on the discussion, our observations are summarized as follows:
Observation 1: For 5G V2x use cases, the power saving requirement is for pedestrian UE only

· At least P2V communication is considered

· A 5G V2x pedestrian UE may only have sidelink Tx capability without sidelink reception capability 
Observation 2: For commercial and public safety services, the power saving requirement is for all the UEs

· A commercial or PS UE shall have both sidelink Tx capacity and Rx capacity, and have both Tx and Rx sidelink traffics

Observation 3: The power saving gain of partial sensing would be degraded due to irregular reservation period configuration and resource reservation for retransmissions of the same TB.
Observation 4: If power saving UE needs to receive sidelink communications, partial sensing cannot save UE power consumption.

Proposal 1: RAN1 should make decision on whether V2P communication is also considered for power saving of pedestrian UEs

Proposal 2: When and which device can use random resource selection should be restricted, at least for public safety and commercial use cases

Proposal 3: RAN1 should further investigate the following potential enhancements on partial sensing:

· Configurable UE sensing behaviour

· Relaxing partial sensing requirements

· Trade-off between latency and sensing duration
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