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At RAN#86, a WI on sidelink enhancements was agreed for Rel-17 [1] with further updates in [4]. 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.
At RAN1#103-e, a set of conclusions and decisions was reached and is listed in the Appendix.
In this contribution, we first discuss resource allocations for NR V2X and LTE-V pedestrian UEs. We then discuss several resource allocation techniques that can significantly reduce power consumption such as partial sensing and resource pool sharing, and resource reservation by an RSU. We also discuss a simple fix to ensure that low power UEs do not have to decode the second stage SCI and provide our views on DRX on the sidelink.
Discussion
UE type
At RAN1#103-e, two types of UEs were introduced:
· 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
Type A UEs are simple UEs compared to Type D UEs. Type A UEs can only perform random resource selection. This might be an issue if many Type A UEs are present in the system along with V2V UEs. However, as explained in Section 2.4, it is straightforward to limit the interference from V2P UEs to V2X UEs if the V2P UEs are constrained within a subset of the V2V resources. Type A UEs are also probably useful for P2V communications, whereas Type D UEs can be used for other applications (e.g., public safety services), as well as more advanced V2P services beyond communicating safety messages. In addition, Type D UEs are necessary if partial sensing is to be performed. The power consumption of Type D UEs is higher than of Type A UEs, but both types are useful.
Observation 1: both type A and type D UEs are beneficial for some applications
In addition, the following ‘FFS’ needs to be addressed for type A UEs:  FFS with exception of performing PSFCH and S-SSB reception. 
In our view, without any receiving capabilities, a UE has to rely on GNSS all the time for synchronization. This might be problematic in dense city centers, where a handset within the pocket of a heavy coat might have trouble tracking GNSS signals. While for a vehicle with a GNSS antenna, it can be argued that GNSS is almost always available (some exceptions include tunnels, parking garages, underpasses, bad weather), we expect this to be more of an issue for handset UEs. Consequently, we see some benefits in having a type A UE being at least able to receive SSB.
For the ability to receive PSFCH, we do not see a significant need for it: if a UE expects relatively high reliability and relies on HARQ, we expect such a UE to significantly benefit from the ability to perform at least partial sensing. Thus, these services/applications should be available for type D UEs only. In our view, type A UEs should be restricted to basic applications such as basic safety
Proposal 1: For type A UEs, consider supporting SSB reception, but not PSFCH reception 
LTE resource allocation techniques for V2P
As stated in [2], the power consumption for the existing procedures defined on the sidelink 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), and/or may have to transmit the packet multiple times, thereby increasing power consumption.
Two possible resource allocation techniques were defined for V2P and were agreed to be supported for NR sidelink:
· 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 (BSM) 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 services.
· 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 due 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.
Observation 2: reuse the principle of Rel-14 UEs for resource allocation of low power users with the necessary changes to meet the NR reliability/latency goals
Improvements of LTE-V techniques for NR
There are several improvements that can be considered for the baseline techniques of LTE-V. First, it may be necessary to evaluate the resource allocation processes to account for the differences in the NR sidelink frame structure. For example, the size of the sub-channel in LTE is at least 4 RBs while the number of sub-channels is {1, 3, 5, 8, 10, 15, 20}. Because the PSCCH occupies the first two RB pairs of a sub-channel in LTE, a UE would have to receive the entire subframe and possibly process 20 (depending on capability) candidate PSCCH in a 20 MHz BW. In contrast, in NR, there are a maximum of 10 PSCCH locations and the UE can receive at least 3 symbols (including the symbol for AGC) to begin processing. Comparing NR to LTE, a power savings results from having fewer numbers of PSCCH candidates to process and having to receive fewer symbols before processing.
In addition, selection between partial sensing and random resource selection should be supported. The reselection procedure attempts select a certain number of sub-channels as a function of a threshold. When the load is high, all UEs essentially revert to random resource selection and not rely on the results of sensing because e.g., the sensing thresholds were increased a lot in order for a UE to find available resources. Based on this observation, one approach is to perform initial sensing. If the results of sensing indicate a high load, the benefits of sensing over random selection are extremely limited. In such a case, a low power UE should perform random selection instead of partial sensing. Note that UE must be able to monitor the PSCCH in order to make this determination.
Proposal 2: a low power UE can select the use of random resource selection or partial sensing according to the system load
Resource pool sharing
At RAN1#103-e, the following was agreed:
· 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.
For V2P and other V2X UEs, it should be possible to share the same resource pool, just like it was done in Rel-14. This could also be applicable for public safety UEs if there is a mix of UEs with power constraints (handheld UEs) and UEs not power constrained (e.g., a police car). 
Proposal 3: Resource pool sharing between UEs using different resource allocation types (random/partial sensing/full sensing) is supported
For V2X/V2P resource sharing, there are several types of devices to consider:
· Rel-16 NR V2V UEs. These UEs are not aware of the no-sensing/partial sensing configuration.
· Rel-17 NR V2P UEs. These are low power UEs. They do not listen all the time, 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 Rel-16 V2V UEs, but unlike the Rel-16 V2V UEs, they might be aware of the transmission configuration of V2P UEs.
When a resource pool is shared, there are two possibilities: the V2P UEs could be located anywhere within the resource pool, or they could be confined to a sub-pool. Having all the V2P UEs concentrated in a sub-pool is beneficial: 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 sub-pools, and could either consider them as reserved, or use them as second priority. Note that the concept of sub-pool may not need to be defined in the specifications: a sub-pool can also be viewed as a resource pool for V2P UEs only. These signaling details should be handled by RAN2.
Proposal 4: 
· V2P UEs occupy a sub-pool of the shared resource pool
· Rel-17 V2V UEs are aware of the sub-pools and avoid transmission in a sub-pool
Fig. 1 shows how the resource pool looks for the three categories from a UE’s perspective. For a Rel-16 V2V UE, all resources are accessible. For 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.
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Resource pool from the Rel-17 V2P UE’s perspective
Resource pool from the Rel-17 V2V UE’s perspective
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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.
· 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.
We discuss UE coordination in a companion contribution [3], but there is a user case of UE coordination between a RSU and pedestrian UEs that is very beneficial. For instance, a RSU can be located at an area where pedestrians are likely to be present (e.g., intersection, traffic, light, pedestrian crossway, etc.). The RSU uses 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 coordinating UE (e.g., central command in an intervention) reserving resources for other UEs. When indicating the reserved resource, the signaling from Rel-16 (SCI format 1) can be reused to mark resources are reserved as explained in [3]. 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 5:
· 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 before decoding the second stage SCI. In addition, the UE must buffer several symbols of the slot while processing the second stage SCI to ensure the PSSCH is available for decoding if necessary.
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 6: 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, as shown in Fig. 2.
Proposal 7: 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
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C-DRX on the sidelink
At RAN1#103-e, there were discussions on supporting C-DRX on the sidelink, but no decision was taken. 
Supporting C-DRX on the Uu link was defined for LTE and is also used for NR. It was shown to provide very significant power savings. It should be noted however that supporting C-DRX on the sidelink is not as straightforward: in particular, for mode-2 with full sensing, before selecting resources, the UE must perform sensing, potentially for a significant amount of time. Having DRX enabled with full sensing may thus increase PHY latency.
Observation 3: C-DRX may increase latency for full sensing UEs
On the other hand, for random resource selection, there is no requirement for sensing, and C-DRX can be deployed in a similar manner as eMBB. For partial sensing, applying C-DRX as is has latency issues, although not as significant as for full sensing, since the partial sensing duration will likely be shorter than for full sensing. However, it is possible to eliminate the latency penalty of C-DRX by aligning the C-DRX parameters with the mode-2 parameters: for instance, the inactivity period of C-DRX should be defined/configured in such a way that it occurs at a moment when the UE does not perform sensing.
Proposal 8:
· Consider supporting C-DRX at least for random/partial sensing resource allocation:
· For partial sensing, align the inactivity period of C-DRX with time when the UE does not perform sensing
Conclusion
Resource allocation techniques for low power UEs were discussed. We discuss and propose the following:
Observation 1: both type A and type D UEs are beneficial for some applications
Proposal 1: For type A UEs, consider supporting SSB reception, but not PSFCH reception 
Observation 2: reuse the principle of Rel-14 UEs for resource allocation of low power users with the necessary changes to meet the NR reliability/latency goals
Proposal 2: a low power UE can select the use of random resource selection or partial sensing according to the system load
Proposal 3: Resource pool sharing between UEs using different resource allocation types (random/partial sensing/full sensing) is supported
Proposal 4: 
· V2P UEs occupy a sub-pool of the shared resource pool
· Rel-17 V2V UEs are aware of the sub-pools and avoid transmission in a sub-pool
Proposal 5:
· 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 6: the reserved bits of SCI format 1-A can be used to transmit some bits of the destination ID (shortened destination ID)
Proposal 7: the second stage SCI contains a field to indicate when the UE is expected to receive the next transmission
Observation 3: C-DRX may increase latency for full sensing UEs
Proposal 8:
· Consider supporting C-DRX at least for random/partial sensing resource allocation:
· For partial sensing, align the inactivity period of C-DRX with time when the UE does not perform sensing
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Appendix
The agreements from RAN1#103e are listed below.
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. 
· 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
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