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At RAN#86, a WI on sidelink enhancements was agreed for Rel-17[1], and further modified at RAN88[3]. In this WI, there is an objective on resource allocation enhancements to reduce power consumption: 
2. 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 discuss several resource allocation techniques that can significantly reduce power consumption.
Discussion
Since Rel-14 LTE sidelink techniques are the baseline, it is useful to first review what LTE power reduction techniques are specified.
LTE  resource allocation techniques for V2P
Power consumption for the existing procedures defined on the sidelink link can be high. Two main sources of power consumptions are:
· Sensing operation: sensing requires continuous monitoring of the media, thus is a significant drain on the UE battery
· Transmission is even more power hungry than reception. Thus, the number of instances where a UE transmits has to be minimized
Note that these two impediments on power consumption are antagonistic to each other: for instance, a UE can skip sensing to reduce power consumption. However, because it may not choose the best TX resources, thus it will have to transmit conservatively (e.g. more resources), or may have to transmit the packet multiple times, thereby increasing power consumption.
Two possible resource allocation techniques were defined for V2P:
· Random resource allocation: the UE selects resources in a V2X resource pool without performing sensing at all.
· Partial sensing: the UE senses one block of consecutive resources within the full sliding window (e.g., 100ms out of 1s).
These techniques were developed for emergency cases, where the pedestrian steps on the road, and the UE sends its basic safety message so that vehicular UEs would detect the message and take evasive maneuvers to avoid the pedestrian. While these techniques were appropriate for LTE-V, they are limiting for the NR sidelink:
· The reliability requirements for V2X communication are much higher for NR (>99%) than for LTE-V (PRR of 90% for BSM). Thus, while having a UE sending a message with imperfect or no sensing was tolerable for BSM, it may lower reliability too much for NR service
· The latency requirements for V2X communications are high: if a V2X UE needs to retransmit because its first transmission was interfered by a random transmission from a limited power UE, this will increase transmission latency
· These techniques were developed in a vehicular context. For public safety UEs, which have vastly different needs than vehicular UEs and could benefit from having segregated resources dues to their own reliability requirements, sharing the same pool with other sidelink UEs may not be the best solution
It is however possible to reuse the principle of Rel-14 LTE and to slightly adapt the resource allocation processes to accommodate low power UEs on the NR sidelink.
Resource pool segregation
A first solution that is particularly suitable for public safety UEs is to use a separate resource pool. The ProSe requirements were listed in [2]:
1. Direct 1:1 communications in coverage
2. Direct 1:1 communications out of coverage
3. Direct 1:Many communications in coverage
4. Direct 1:Many communications out of coverage
5. Speech packet latency for both Direct and Group call: 200-250 msec
6. Call set-up time for both Direct and Group call: less than 300 msec
7. Average MOS audio quality for both Direct and Group calls: better than 3.0 for 96% and >= 2.5 for 100%
8. Maximum number of UEs in a Group call: 75
Requirement 7 shows that the link quality does not have to be exceptionally good, thus a simple resource allocation technique like random resource allocation is perfectly suitable for at least some public safety applications. The problem would be on other sidelink UEs with high reliability/low latency UEs. Thus, the public safety UEs should have their own resource pools.
One issue with UEs having their own resource pools is that it could create delays that may cause latency issues. Note however that per requirements 5 and 6, the latency budget for public safety UEs is significantly larger than for vehicular sidelink UEs. Thus, the resource pool for public safety UEs could be relatively infrequent and could occupy little resources to minimize disruptions. An attractive solution could be to use the exceptional resource pool defined for UEs not having sensing information for public safety UEs. In this way, the public safety UEs could be deployed to any carrier and share it with other sidelink UEs and potentially cellular UEs without affecting the performance of non-public-safety UEs.
Proposal 1: 
· Public safety UE do not share a pool with sensing UEs
· When deployed on a mixed carrier, the public safety UEs can operate in the exceptional pool defined for when regular UEs do not have sensing information available

Resource pool sharing
For V2P and other V2X UEs, it should be possible to share the same resource pool, just like it was done in Rel-14. Note however that given that some V2X services are high reliability/low latency, it may be desirable to limit resource pool sharing to a limited set of resource pools only. Some other considerations (e.g., congestion level) could be considered as well.
Proposal 2: for each resource pool, there is an indicator about whether no-sensing/partial-sensing operation is possible
For V2X/V2P resource sharing, there are several types of devices to consider:
· Rel-17 NR V2P UEs. These UEs are the low power UEs. They do not listen all the times, do not follow the full Rel-16 sensing procedure, and can transmit with relaxed sensing requirements
· Rel-17 NR V2V UEs. These UEs are similar to the Rel-16 V2V UEs, but unlike the REl-16 V2V UEs, they might be aware of the transmission configuration of V2P UEs.
The Rel-16 V2V UEs operate as usual. The Rel-17 V2P UEs are concentrated in sub pool(s) within the V2V resource pool and can occupy only the resources allocated to them. Having all the V2P UEs concentrated on given resources is crucial: the Rel-16 V2V UEs, when sensing, will likely detect that the V2P UEs are occupied, thus will not select resources where the V2P UEs are located, unless these resources are empty (low density V2P UEs, as e.g., on a highway), or if latency constraints are such that they must use them. Rel-17 V2V UEs may be aware of the V2P resource pools/subpools, and could either consider them as reserved, or use them as second priority.
Figure 8 shows how the resource pool looks for the three categories of UE’s perspective. From a Rel-16 V2V UE, all resources are accessible. From a Rel-17 V2P UE, only the resources in red can be used. For a Rel-17 V2V UE, the resources in blue are to be selected first. The resources in red with the diagonal pattern are either marked as excluded or selected with a lower priority.
f
t
Resource pool from the Rel-16 V2V UE’s perspective
Resource pool from the Rel-17 V2P UE’s perspective
Resource pool from the Rel-17 V2V UE’s perspective

[bookmark: _Ref15307062]Figure 1. Structure of the resource pool
Proposal 3: V2P UEs are constrained to occupy a limited set of the Rel-16 V2X pool
Reservation by another UE/RSU
Another objective of the WID is as follows:
· Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.

The inter-UE coordination process can be used for sidelink communication, either for pedestrian UEs or public safety UEs. For instance, if RSUs are deployed, a RSU can be located at an area where pedestrians are likely to be present (e.g., intersection, traffic, light, pedestrian crossway, etc.) and use inter-UE coordination as follows: after sensing the RSU reserves some resources for pedestrian usage (the set of resources determined at UE-A in the WID) for UEs in its vicinity. V2P UEs can obtain the configuration of the reserved resources from the RSU (This set is sent to UE-B in mode 2). The V2P UEs can then randomly transmit in the resources reserved for the V2Ps by the RSU (UE-B takes this into account in the resource selection for its own transmission). For public safety, a similar solution can be used, with a master UE (e.g., central command in an intervention) reserving resources for other UEs. When indicating the reserved resource, the signaling from Rel-16 (SCI 0-1) can be reused to mark resources are reserved. This way, even Rel-16 UEs can benefit from the resource reservation.
This solution presents multiple advantages:
· Ability for both Rel-16 and Rel-17 UEs to avoid V2P UEs since the Rel-16 reservation process can be used by the RSU
· Adaptability to traffic. For instance, resources could be reserved only when a light is green at an intersection
· Full prevention of interference since all vehicles in proximity of the intersection would receive the SCI containing the reservation signal. 
Proposal 4:
· A UE (e.g., RSU) can reserve resources for low power UEs (e.g., pedestrian UEs)
· The low power UEs randomly select resources from the reserved resources
Power savings through SCI indication
In Rel-16, after decoding the first stage SCI (SCI format 1-A), the receiving UE does not know the destination ID nor the source ID associated with the payload. This information is sent in the second stage SCI. Consequently, this means that a UE receiving an SCI 1-A must attempt to decode the second stage SCI. This however increases the UE power consumption since the receiving UE must then perform channel estimation and attempt to decode the second stage SCI. A simple solution, already described extensively during the Rel-16 discussions, is to send some bits of the destination ID in the first stage SCI. This can be achieved by using some of the reserved bits in SCI format 1-A. Note that for public safety UEs, if backwards compatibility is not required, more drastic changes with new SCI formats could be introduced
Proposal 5: the reserved bits of SCI format 1-A can be used to transmit some bits of the destination ID (shortened destination ID)
The second stage SCI can also be used for power savings purpose. In the second stage SCI, in addition to the destination ID and source ID, a UE can indicate when the next transmission is expected to happen. Thus, the receiving UE can then tune out until it the next time it is expected to receive a transmission.
Proposal 6: the second stage SCI contains a field to indicate when the UE is expected to receive the next transmission
SCI contents
Indicate earliest possible starting time for next packet
Time (e.g. #slots, subframes)
HARQ process completion

Figure 2. Timeline

Conclusion
Resource allocation techniques for low power UEs were discussed. We propose the following:
Proposal 1: 
· Public safety UE do not share a pool with sensing UEs
· When deployed on a mixed carrier, the public safety UEs can operate in the exceptional pool defined for when regular UEs do not have sensing information available
Proposal 2: for each resource pool, there is an indicator about whether no-sensing/partial-sensing operation is possible
Proposal 3: V2P UEs are constrained to occupy a limited set of the Rel-16 V2X pool
Proposal 4:
· A UE (e.g., RSU) can reserve resources for low power UEs (e.g., pedestrian UEs)
· The low power UEs randomly select resources from the reserved resources
Proposal 5: the reserved bits of SCI format 1-A can be used to transmit some bits of the destination ID (shortened destination ID)
Proposal 6: the second stage SCI contains a field to indicate when the UE is expected to receive the next transmission
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