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1 Introduction
The Rel-17 NR sidelink enhancement [1] WID includes objectives to specify radio solutions that can enhance NR sidelink for the V2X, public safety and commercial use cases, based on the functionalities specified in Rel-16. And Rel-17 sidelink should be able to coexist with Rel-16 sidelink in the same resource pool. 
In particular, solutions to reduce the power consumption of the sidelink resource allocation procedure are to be specified:
· 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 an overview for resource allocation to reduce power consumption for Rel-17 UEs, summarizing the work needed to enable the LTE baseline in NR as well as what adaptations are needed for cases the baseline does not address.
2 Discussions
2.1 Resource pool configuration
In LTE-V, a UE can be configured to either perform random selection or partial sensing (as indicated by resourceSelectionConfigP2X in a P2X-specific resource pool (p2x-CommTxPoolNormalCommon/ p2x-CommTxPoolNormal) which is different from the full sensing V2X-specific resource pool (v2x-CommTxPoolNormalCommon/v2x-CommTxPoolNormal). When both are configured, it is up to UE implementation to pick one of them. Given that a random-selection/partial-sensing UE does not monitor the whole sensing window as a full-sensing UE does, allowing different types of resource allocation schemes in the same resource pool without any conditions would be undesirable in terms of resource selection collision. Hence it is preferred for NR sidelink to take LTE-V configuration on resource pools as baseline. In LTE-V, it is in principle possible to configure resource pools to be overlapped in time-frequency resources, however, given that there is no collision control design among different types of resource allocation schemes, it is undesirable in practice. In NR Rel-17, it can be considered to enable random selection/partial sensing in a full-sensing resource pool under appropriate conditions to meet QoS requirements whilst reducing power consumption for NR sidelink UE (for example, as discussed in the following sections).
Proposal 1: Configure specific resource pools for NR partial sensing/random selection, and for full sensing.
· Further consideration on conditions to enable random selection/partial sensing in a full-sensing resource pool. 
2.2 Partial sensing
Periodic traffic 
The LTE-V partial-sensing mechanism allows a pedestrian UE (P-UE) to monitor a subset of subframes rather than an entire sensing window as mandated for the full-sensing mechanism, in order to reduce power consumption when communicating to V-UEs. In addition, LTE-V’s partial-sensing is designed particularly for periodic traffic, by virtue of the UE assuming it can determine a candidate resource () within the selection window based on the periodic reservation by other UEs, where the periodic reservation  is determined based on a bitmap with length 10. This is because a P-UE typically transmits with periodicity of max 1000 ms and latency of 100 ms [2], hence a maximum of 10 sensing slots would be sufficient within a 1000 ms window whilst minimizing power consumption. For a given configuration,  is a fixed value (in a TDD configuration,  is treated as logical value in a resource pool to represent the physical reservation value, and is no larger than 100 ms in physical time domain). A UE monitors any subframe  when the k-th bit of the bitmap is “1”, where the bitmap was used to represent different periodic reservation values, to determine as shown in Figure 1 (assume the bitmap is all “1”s, i.e. 100 ms, 200 ms, …, 1000 ms). 
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[bookmark: _Ref46567214]Figure 1. LTE-V partial sensing (assume bitmap with value all “1”s)
In addition to extension to the P2V use case, NR sidelink enhancement will also support commercial use cases of which periodicities for periodic reservation willbe diverse. NR Rel-16 supports, for V2X, a broad range of periodicities for periodic reservation, i.e. {(1..99), 100, 200, 300, 400, 500, 600, 700, 900, 1000} ms, and up to 16 periodic reservation values can be (pre-)configured per resource pool. The LTE-V partial sensing configuration is designed to work well with the set of periodicities permitted in LTE-V. NR-V has a more extensive and finer-granularity set to cover a broader range of NR periodic traffic types. Simple reuse of LTE-V would degrade partial-sensing-based resource allocation performance for Rel-17 NR sidelink. For instance, if = 100 is reused, any periodic reservation values from (1..99) would not be monitored by a NR sidelink UE, which can cause resource selection collision.   
Observation 1: The broader range of periodicities supported in NR-V, compared to LTE-V, means that the definition of partial sensing needs to be extended for NR sidelink.
Considering NR-V supports a broader range of periodicities than LTE-V, it is difficult to define a single LTE-V-like value in NR-V to capture these periodicities. Therefore, it is proposed that all the resource reservation periods allowed in a resource pool (i.e., provided by sl-ResourceReservePeriodList) for periodic reservation in Rel-16 NR-V are used for determination of partial sensing slots (i.e. the slots which were monitored for determination on selected candidate resource during partial sensing procedure) in NR sidelink. In general, for a given candidate resource in slot, slots  for (where  is the logical slot in the resource pool converted from physical ) are monitored to determine whether the candidate resource in slot  would be excluded from, as shown in Figure 2.
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[bookmark: _Ref51400947]Figure 2. Partial sensing slots determination 
Proposal 2: NR partial sensing, enhanced based on the LTE-V mechanism, needs to take into account the full set of NR sidelink periodicities {(1..99), 100, 200, 300, 400, 500, 600, 700, 900, 1000} ms provided by the resource pool.
In NR sidelink, aperiodic transmission as well as pre-emption behavior would occur in addition to periodic transmission with the broad range of reservation periodicity values. Whereas LTE-V, mainly deals with periodic transmission with reservation periodicity values to be multiple integer of 100ms (i.e. the  value in terms of physical subframe). This may lead to higher interference and thus higher chance of failure to detect an SCI in slot for a given traffic periodicity in NR-V than that in LTE-V for partial sensing operation, particularly in a congested/interfered channel. 
Observation 2: Failure of SCI detection is more serious in NR sidelink than LTE-V because NR sidelink supports aperiodic transmission as well as pre-emption in addition to periodic transmission which can lead to higher chance of collision and therefore degrade NR sidelink partial sensing performance.
Hence one possible way to enhance NR sidelink is that, in addition to monitoring one partial sensing slot for a given traffic periodicity (configured by the bitmap) associated with a candidate resource in LTE-V, monitoring multiple partial sensing slots per traffic periodicity (i.e. reservation period provided by the resource pool) can be considered, as shown in Figure 3. For example, assume the resource pool provides reservation periods  and , which convert to logical slots as  slots and  slots respectively. A UE should monitor at slot  and  to check if candidate resource in slot  was periodically reserved by other UEs, and additionally monitor slot  in case of SCI detection failure at slot , and similarly . It can be further studied how many partial sensing slots are monitored per traffic periodicity.
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[bookmark: _Ref51400909]Figure 3. Multiple partial sensing slots per priority for a given candidate resource 
Proposal 3: NR partial sensing, in order to avoid failure detection of SCIs in slots for partial sensing for a given traffic periodicity as provided by reservation period of the resource pool, should support monitoring multiple slots for partial sensing per traffic periodicity in determining whether to exclude a candidate resource.
Aperiodic traffic
LTE-V partial sensing only deals with P-UE for periodic broadcast traffic [2], while NR sidelink also needs to consider aperiodic traffic in commercial use cases. Given that LTE-V partial-sensing is only performed at a subset of subframes to evaluate periodic reservations by other UEs to determine the candidate resource for PSCCH/PSSCH transmission, any aperiodic traffic which occurs before PSCCH/PSSCH transmission cannot be monitored by the UE, as shown in Figure 4. In this example, the partial sensing UE may select a candidate resource which was reserved by an aperiodic PSSCH retransmission. 
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[bookmark: _Ref47513246]Figure 4 An aperiodic reservation (indicated in SCI) cannot be monitored.
Observation 3: The LTE-V partial sensing mechanism, when introduced to NR sidelink, cannot evaluate NR’s aperiodic traffic and therefore the NR partial sensing resource allocation performance in terms of resource selection collision would be degraded compared to LTE-V.
In Rel-16 sidelink, retransmission(s) for aperiodic traffic can be reserved in advance with up to 32 slots via a SCI, and the re-evaluation procedure (triggered at slot m-T3) was introduced prior to a SCI transmission in slot m to overcome the potential resource collision caused by aperiodic traffic. One proposal is to introduce an extended sensing window before the first candidate resource in slot among the selected candidate resource sets within the selection window, as shown in Figure 5. A TX UE may combine the sensing results based on the partial sensing slots monitored for periodic reservation as well as slots monitored within the extended partial sensing window to determine whether the first candidate resource in slot  would be excluded from.
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[bookmark: _Ref51401012]Figure 5. Extended partial sensing window for aperiodic traffic
Proposal 4: NR partial sensing, based on the LTE-V mechanism, can be enhanced by introducing a short sensing window before the first selected candidate resource to take into account aperiodic traffic reservations.
Re-evaluation and pre-emption check was introduced in Rel-16 NR-V to allow UE re-selecting resource to avoid potential transmission collision, which would improve the reliability of mode 2 operation. However, taking into account power consumption constraints, it is not necessary to perform re-evaluation and pre-emption check before every transmission. As explained above, in addition to periodic reservation for partial sensing in LTE-V, NR sidelink also supports aperiodic reservation as well as pre-emption. Re-evaluation and pre-emption check are helpful on reducing resource collision probability, and some conditions to trigger those behaviors can be considered, so that the reliability of mode 2 operation can be guaranteed whilst reducing power consumption for a power saving UE. 
Proposal 5: Support re-evaluation and pre-emption check for UEs operating power saving.
2.3 [bookmark: _Ref47512243]Random selection
In LTE-V, random selection is performed without sensing, i.e. a UE would report all candidate resources without exclusion procedure within a selection window to MAC for random selection in the random-selection-specific resource pool. However, in this case, all traffic regardless of its priority would collide with equal probability, as shown in Figure 6, where a priority 1 (highest priority) PSSCH can be occupied by a priority 8 (lowest priority) PSSCH reservation due to resource selection without sensing nor procedures for prioritization. It is very undesirable for high QoS traffic whilst using random-selection for power reduction. 
[image: ]
[bookmark: _Ref46583467]Figure 6 LTE-V random selection
Observation 3: The LTE-V random selection mechanism in a random-selection-specific resource pool cannot work properly for high QoS requirement traffic due to no sensing nor procedures for prioritization, which can be considered for enhancement in NR sidelink.
In LTE-V, random selection is only for P2V use case, where P2V traffic is typically dominated by broadcast-based awareness messages [2], which tends to have similar priorities, and hence no particular design was introduced for priority handling. Since commercial and public-safety use cases would be additionally supported in NR sidelink, the Rel-17 design needs to support flexible and dynamic priority changes This can allow a battery-constrained Rel-17 UE to transmit a high priority PSSCH on the resources which were randomly selected without sensing, whilst such resources are with sufficient low collision probability so that the high QoS requirement can be met.
Observation 4: In addition to V2X use case, commercial and public-safety use cases are supported in NR Rel-17 sidelink, where a battery-constrained Rel-17 UE with random selection procedure can still have a high priority PSSCH transmission. 
This can be considered for Rel-17 sidelink enhancement so that a higher QoS traffic can be properly handled. One direction to consider would be allowing a sensing-based UE to sense random-selection-based PSSCH transmission which is of sufficiently high priority and then to reselect its own resources. This behavior is similar as Rel-16 NR-V pre-emption, where a random selection UE with sufficiently high priority PSSCH transmission would pre-empt a resource selected by another sensing-based UE, and the resource being pre-empted would be re-evaluated and reselected by the pre-empted UE. 
Proposal 6: For NR sidelink, enhance LTE-V random selection for high QoS requirement traffic.
· Allow a NR sidelink random selection UE to pre-empt the resources reserved by a sensing-based UE. 
2.4 Congestion control
Congestion control is beneficial for managing sidelink transmission not only for Rel-16 V-UE, but also for power-constrained UEs, i.e. Rel-17 power saving UEs, to achieve good system performance by adjusting transmission parameter (e.g. MCS, transmit power, number of retransmissions, etc.) subject to QoS requirements. CBR and CR measurements were introduced to reflect the channel congestion and occupation status. However, Rel-16 NR-V’s definition on CBR/CR may not be feasible to reuse for Rel-17 power saving UEs given that they may not monitor and decode every slot within the measurement window, e.g. due to partial sensing or sidelink DRX. Hence, re-definition of CBR and CR is needed for UEs operating power saving and sidelink DRX.
Proposal 7: Sidelink congestion control defined in Rel-16 needs adaptation for sidelink power saving operation in Rel-17, e.g. with partial sensing or sidelink DRX.
3 Conclusions
This contribution has provided our view on resource allocation to reduce power consumption with observations and proposals as follows:
Observation 1: The broader range of periodicities supported in NR-V, compared to LTE-V, means that the definition of partial sensing needs to be extended for NR sidelink.
Observation 2: Failure of SCI detection is more serious in NR sidelink than LTE-V because NR sidelink supports aperiodic transmission as well as pre-emption in addition to periodic transmission which can lead to higher chance of collision and therefore degrade NR sidelink partial sensing performance.
Observation 3: The LTE-V partial sensing mechanism, when introduced to NR sidelink, cannot evaluate NR’s aperiodic traffic and therefore the NR partial sensing resource allocation performance in terms of resource selection collision would be degraded compared to LTE-V.
[bookmark: _GoBack]Observation 4: In addition to V2X use case, commercial and public-safety use cases are supported in NR Rel-17 sidelink, where a battery-constrained Rel-17 UE with random selection procedure can still have a high priority PSSCH transmission. 
Proposal 1: Configure specific resource pools for NR partial sensing/random selection, and for full sensing.
· Further consideration on conditions to enable random selection/partial sensing in a full-sensing resource pool.
Proposal 2: NR partial sensing, enhanced based on the LTE-V mechanism, needs to take into account the full set of NR sidelink periodicities {(1..99), 100, 200, 300, 400, 500, 600, 700, 900, 1000} ms provided by the resource pool.
Proposal 3: NR partial sensing, in order to avoid failure detection of SCIs in slots for partial sensing for a given traffic periodicity as provided by reservation period of the resource pool, should support monitoring multiple slots for partial sensing per traffic periodicity in determining whether to exclude a candidate resource.
Proposal 4: NR partial sensing, based on the LTE-V mechanism, can be enhanced by introducing a short sensing window before the first selected candidate resource to take into account aperiodic traffic reservations.
Proposal 5: Support re-evaluation and pre-emption check for UEs operating power saving.
Proposal 6: For NR sidelink, enhance LTE-V random selection for high QoS requirement traffic.
· Allow a NR sidelink random selection UE to pre-empt the resources reserved by a sensing-based UE. 
Proposal 7: Sidelink congestion control defined in Rel-16 needs adaptation for sidelink power saving operation in Rel-17, e.g. with partial sensing or sidelink DRX.
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