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1 Introduction
The Rel-17 NR sidelink enhancement WID [1] includes following:
· 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.
Overall progress of resource allocation to reduce power consumption objective in RAN1 has been good. RAN1 supports both periodic-based partial sensing (PBPS) and continuous partial sensing (CPS) for the partial sensing resource allocation scheme, specifically, defines conditions to perform PBPS and CPS, how to determine PBPS occasions, re-evaluation and pre-emption checking for PBPS and CPS, etc. However, details such as CPS window determination, initialization of candidate resource set, handling of insufficient sensing results, restrictions/conditions and timing/resources on performing re-valuation and pre-emption checking for PBPS and CPS, etc., remain to be finalized. For random resource selection, it is agreed to down-select a solution in RAN1#106bis-e to handle performance impact on full sensing operation caused by random resource selection in a shared resource pool configured with mixed type of resource allocation schemes. In addition, it is also agreed that UE can perform sensing in SL-DRX inactive time subject to either UE implementation or specification. Other topics, including how to perform congestion control for reduced-sensing resource allocation, are yet to be decided as well.
In this contribution, we continue to discuss open issues for resource allocation to reduce power consumption for Rel-17 UEs.
2 Discussions
2.1 Partial sensing resource selection
Remaining details on PBPS occasions
At RAN1#105-e, the following agreements were made:
· For the k value in periodic-based partial sensing for resource (re)selection,
· By default, the UE monitors the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots subject to processing time restriction.
· If (pre-)configured, UE additionally monitors periodic sensing occasions that correspond to a set of values which can be (pre-)configured with at least one value
· (Working assumption) Possible values correspond to the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger slot n or the first slot of the set of Y candidate slots, and the last periodic sensing occasion prior to the most recent one for the given reservation periodicity are included.
· FFS: whether/which other values and details of the (pre-)configuration (e.g. max number of values or sensing occasions)
· FFS: whether a value denotes a specific occasion to monitor or the earliest occasion to start the monitoring.
· FFS relationship between periodic-based partial sensing occasions and SL-DRX
· Note:
· This is for the case when the resource (re)selection triggering slot n is expected by UE
· In periodic-based partial sensing, UE monitoring of periodic sensing occasions between triggering slot n and the first slot of the selected Y candidate slots subject to processing time restriction is performed as part of resource (re)selection.
For the case k is (pre-)configured, UE additionally monitors PBPS occasions in addition to monitoring the most recent partial sensing slot for a given traffic periodicity for a candidate resource, i.e. this means a UE can monitor the multiple most recent partial sensing slots per configured periodicity. For example, assuming the resource pool configuration provides reservation periods  and , and setting k = most recent two  which means most two recent slots before  for each  and  need to be monitored. That is, for a given candidate slot , the corresponding partial sensing occasions are determined as  for  and k = most recent two, as shown in Figure 1. With the assumption that the physical value  and  are converted 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  and subject to k = most recent two.
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[bookmark: _Ref51400909]Figure 1. Multiple (most recent two) partial sensing occasions per priority for a given candidate resource 
We observe the k = most recent two outperforms k = most recent one with an increase by around 20 m communication range at PRR = 99%, as shown in Figure 2 (Simulation assumption as indicated in Appendix Table 2)
[bookmark: _Ref70676795][image: ]
Figure 2 Average PRR for k = most recent two and k = most recent one for a periodicity
This is thanks to the double checking (i.e. k = most recent two) for a given (pre-)configured periodicity. In some case, SCI on the particular sensing occasion k = most recent one may be missed due to strong interference (poor SINR), particularly when the channel is congested and traffic density is high, where the probability of collisions is higher. 
Observation 1: For a given reservation periodicity, monitoring multiple most recent occasions per periodicity (e.g. most recent two PBPS occasions) has PRR gain and hence communication range gain over the case for monitoring only the most recent one occasion, when the channel is congested.
There are some proposals on how to configure k, e.g. bitmap, which is helpful for indication on specific sensing occasions. In LTE-V, there is a fixed  (e.g. 100ms), a bitmap is used to allow a UE to monitor different periodic occasions that is integer multiple of 100ms, for example, 100ms, 300ms, 500ms, 1000ms according to the 10-bit-length bitmap “10000 10101”. For a given reservation periodicity (where the bit value is “1”), a UE excludes the resource according to the most recent monitored occasion only, rather than multiple occasions. However, in Rel-17, the enhanced design is to monitor extra occasions in addition to the most recent one for a given reservation periodicity, and a UE can exclude resources based on such multiple occasions in case that the most recent one is missed. Given that sensing results should be as fresh as possible to capture the up-to-date reservation information, k should correspond to the most recent k occasions for a given reservation periodicity. Note that the number of transmission opportunities for a given periodic reservation is dependent on  (= 10*SL_RESOURCE_RESELECTION_COUNTER), it is very likely  is reached and a UE changes its resource reservation if most recent occasions are not monitored, and this can result in inaccurate sensing result. The value range of k should be limited. As per our simulation results, the gain of multiple sensing occasions is obtained in case that the UE does not detect reservation at the most recent sensing occasion. However, the probability of missed detection of SCI for consecutive most recent sensing occasions is very low. Due to limited time budget remaining in Rel-17, the optimization beyond the most two recent occasions for all (pre-)configured periodicity to further improve PRR can be left to future releases if deemed necessary and beneficial. Thus, we prefer to clarify that in the working assumption on k, the two most recent sensing occasions are monitored for each (pre-)configured periodicity in a resource pool, and no other values or configuration granularity are needed.
On the other hand, given that a UE at least monitors in periodic sensing occasion(s) for a given reservation periodicity before the first slot of the selected Y candidate slots (denoted as ) subject to processing time restriction for the identification of candidate resources, i.e. the determination of  should not take into account sensing occasions  which are after, as shown in Figure 3 (slot is not part of PBPS results on determination of). In this case, slot  is the most recent sensing occasion, and slot  is the 2nd most recent sensing occasion. That is, the value k is not a physical absolute value, but a logical value to determine the most recent one or two sensing occasions before based on (pre-)configuration. In Rel-16, the time gap between sensing window and selection window is , where selection of  is up to UE implementation under  . The  should be no less than  for a UE to determine  based on partial sensing results.
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Figure 3. PBPS occasions before the first slot of Y candidate slots to determine  (without CPS shown in this case)
Proposal 1: Clarify that in the working assumption on k, the two most recent sensing occasions are monitored for each (pre-)configured periodicity in a resource pool. 
Proposal 2: For PBPS occasions on determination of  for initial resource selection, the most recent sensing occasion for a given (pre-)configured reservation periodicity refers to the occasion immediately before.
Both PBPS and CPS are performed
At RAN1#106-e, the following agreements were made:
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by aperiodic transmission (Prsvp_TX=0) in slot n,
· The resource selection window (RSW) is [n+T1, n+T2], and T1 and T2 are defined in the same way according to step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· FFS whether UE determines a new set of Y candidate slots within the RSW and monitors corresponding periodic sensing occasions between slot n and the first slot of the new Y candidate slots subject to processing constraints
· FFS how to initialize a set of candidate resource (SA) for the triggered resource (re)selection procedure and which partial sensing scheme(s) and results can be used for resource exclusion in the resource (re)selection procedure
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· [bookmark: _Hlk80955648]Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately
When UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled,
· For a resource (re)selection procedure triggered by periodic transmission (Prsvp_TX ≠ 0) in slot n
· A set of candidate resource (SA) is initialized to the set of selected Y candidate slots of PBPS
· UE performs contiguous partial sensing in [n+TA, n+TB] for resource exclusion from the initialized candidate resource set (SA)
· FFS details of TA and TB based on the agreement(s) from previous RAN1 meetings
· Note, re-evaluation and pre-emption checking based on periodic-based and contiguous partial sensing schemes is considered separately
FFS: The condition under which UE performs periodic-based and contiguous partial sensing schemes in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) enabled
Condition to perform PBPS and CPS
The purpose of partial sensing resource allocation scheme is not only to minimize power consumption, but also to maintain reliability performance as well as saving power compared to full sensing resource allocation. In Rel-17, partial sensing resource allocation is introduced, with PBPS and CPS to detect periodic and aperiodic reservation respectively, unlike in Rel-14 LTE, where only periodic reservation is assumed and thus no CPS is needed. 
Observation 2: Resource pool cannot disable aperiodic transmission, thus without performing CPS, a UE cannot detect aperiodic reservation from other UEs, resulting in PRR performance degradation.
As a consequence, for the case that periodic reservation is enabled in the resource pool, a UE needs to perform both PBPS and CPS to guarantee partial sensing performance. 
Proposal 3: When a UE is configured to perform partial sensing by higher layer, both PBPS and CPS shall be performed in a resource pool with partial sensing resource selection and periodic reservation enabled.
CPS window determination
When a UE performs both PBPS and CPS, although the resource (re-)selection is triggered at slot n, in order to perform sensing at partial sensing occasions, for PBPS, the set of Y candidate slots has to be determined in advance in order to perform sensing before slot n. In this case, for initial resource selection, the contiguous partial sensing window only needs to cover the most relevant 31 slots to the most recent possible selected candidate slot (i.e. ) from the selection window, i.e. their location is not relative to slot n, where  represents the time gap between the last sensing slot and the most recent possible selected candidate slot, with, and  as same definition as in Rel-16, which is shown in Figure 5. Given that an SCI can reserve any resource within 31 slots, the contiguous partial sensing window needs to contain 31 slots in total to cover all possible aperiodic SCI reservation, otherwise, some SCIs may be missed, which results in unreliable resource exclusion. It is also noted, when the sl-ResourceReservePeriodList includes smaller periodicity values of less than 31 slots, the PBPS sensing occasions corresponding to these smaller periodicity values would be also coincidently sensed by CPS which spans 31 slots. That is, the partial sensing occasions are determined as a union set of slots  and a window [, ]. As a consequence, the  is determined as the remaining resource of all the candidate single-slot resources, i.e. the resources belong to the set of Y candidates, after resource exclusion based on both PBPS and CPS.
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[bookmark: _Ref83195653]Figure 5. PBPS+CPS: (a) part of contiguous partial sensing window is before slot n; (b) contiguous partial sensing window is wholly after slot n.
Proposal 4: When a UE performs both periodic-based and contiguous partial sensing for the resource (re)selection procedure, it monitors slots between slots [, ] for continuous partial sensing in addition to periodic partial sensing to determine initial resource selection regardless of whether or not Prsvp_TX = 0, where  is the first selected candidate slot in the resource selection window,  and  are as same as in Rel-16.
· In reference to slot n, contiguous partial sensing window is defined as follows:
· 
·  
When a UE performs both PBPS and CPS, it is to detect both periodic and aperiodic resource reservation to alleviate resource collision for PSCCH/PSSCH transmission, regardless of its own traffic type (periodic or aperiodic). Give that the set of Y candidate slots are pre-selected before actual data arrival time in order to detect periodic reservation, it is possible that an inappropriate UE implementation on selection of the set of Y candidate slots may result in insufficient sensing issue. However, we view this as an exceptional case, which does not affect the general design framework, and UE behaviors for exceptional case can be handled differently (or not handled), similarly as in Rel-14/Rel-16. We further discuss this insufficient sensing issue in section 2.1.2.3. Thus, regardless of whether Prsvp_TX = 0 or not, the same initialized set of Y candidate resource is used to determine initial resource selection
Proposal 5: When UE performs both periodic-based and contiguous partial sensing for the resource (re)selection procedure, 
· The same set of Y candidate slots as agreed for PBPS is used to determine initial resource selection, regardless of whether or not Prsvp_TX = 0.
· Initialization of the set of candidate resource (SA) for PBPS and CPS is based on the set of Y candidate slots, when sensing results are sufficient.
[bookmark: _Ref83370067]Insufficient sensing results
There is some discussion on insufficient sensing results for initial resource selection based on PBPS for both periodic transmission and aperiodic transmissions The point raised is that a UE may not accurately predict data arrival time, and thus is assumed that the PBPS results may not be available or deemed insufficient due to non-matching between pre-selected set of Y candidate slots and actual data arrival time. However, the set of Y candidate slots are already agreed to be up to UE implementation, i.e., how selection is performed to optimize sensing result (e.g. the prediction of upcoming traffic, accuracy level, exact number of Y candidate slots, etc.), is not about to be specified, which means UE implementation should avoid the case of insufficient sensing results as much as possible. Take aperiodic traffic as an example, a set of Y candidates are determined in advance in order to perform partial sensing. A UE does not need to expect aperiodic traffic to arrive exactly on the set of Y candidates, because it can select the aperiodic transmission on those Y candidate slots which are within its PDB. This is helpful to avoid collisions caused by periodic reservations, as shown in Figure 6. In addition, a UE implementation can adjust the density of Y candidate slots as well as the number of  Y candidate slots based on a long term learning of the overall conditions (traffic, environment, etc.) as well as other assistance info (speed, location, etc.), so that it is more likely an aperiodic traffic can find its set of Y candidate slots within the PDB in a long term timeline, and of course, there could be exceptions that the UE has insufficient sensing results due to the un-matching, which should be minimized by UE implementation.
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[bookmark: _Ref71291220]Figure 6 A UE implementation of selection of the set of Y candidates for aperiodic transmission based on PBPS to detect periodic reservations.
There are a few proposals to initialize a new PBPS process (i.e. a new set of Y candidate slots) in this case. However, this new PBPS process cannot help UE to detect periodic reservation which were made in the past. 
On the other hand, a UE can either perform random resource selection or drop the transmission if there is insufficient sensing result. We define the insufficient sensing result as the case that a UE cannot transmit PSSCH based on sensing-based resource allocation, i.e. sensing result is not available to be used. This also includes the case that upon actual data arrival, a UE does not have a sufficient number of pre-selected Y candidate slots due to PDB constraint (smaller than (pre-)configured Ymin). Given that dropping the transmission seems too aggressive, random selection may be more reasonable, but in which resource pool a UE should select to transmit with random resource selection RA needs to be discussed. There can be following cases:
· Case 1: The resource pool allows partial sensing but not random resource selection, hence a UE has to perform random resource selection in another normal resource pool which allows random resource selection.
· Case 2: The resource pool allows both partial sensing and random resource selection, i.e. the mixed types of RA. In this case, it leads to our discussion on random resource selection in the resource pool configured with mixed type of RA (see section 2.2 for details), where we observe that a UE with high priority value (e.g. low QoS traffic) for random resource selection can accidently pre-empt lower priority-valued periodic/aperiodic reservations from other UEs, and thus causes collision and degrades reliability. In this case, a UE should select a normal resource pool (rather than an exceptional resource pool) for random resource selection based on priority.
· Case 3: In Rel-14/Rel-16 full/partial-sensing operation, there is another handling for the exceptional case when sensing result is not available, where a UE performs random resource selection in the exceptional resource pool. 
It seems addressing this rare case of unavailable sensing results in Rel-17 is an optimization for Rel-14/Rel-16, because the reusing existing mechanism, i.e., random resource selection in the exceptional resource pool, can work without error.
It thus our preference is to leave the operation of these cases to legacy procedures. If the optimization work needs to be introduced in Rel-17, case 2 + case 3 as mentioned above is more reasonable to respect QoS-based transmission which benefits overall system performance.

Proposal 6: When partial sensing result is insufficient/unavailable: 
· Reuse Rel-14/Rel-16 mechanism, i.e. a UE performs random resource selection in the exceptional resource pool.
· If optimizations are introduced, they should be for high-QoS traffic (the priority value is lower than a priority value threshold configured for the resource pool), where a UE performs random resource selection in the resource pool configured to allow performing random resource selection.
[bookmark: _Ref68596628]Only CPS is performed
At RAN1#106-e, the following agreement was made:
When UE performs only contiguous partial sensing (CPS) in a mode 2 Tx pool with periodic reservation for another TB (sl-MultiReserveResource) disabled, and a resource (re)selection is triggered in slot n,
· The resource selection window (RSW) is [n+T1, n+T2] where T2 is defined based on step 1) of Rel-16 TS 38.214 Sec. 8.1.4
· FFS whether the resource selection window [n+T1, n+T2] should be confined within a set of periodic set of resources and its relationship with SL-DRX
· On the sensing window [n+TA, n+TB] for CPS,
· Details of TA and TB values based on the agreements from previous RAN1 meetings
· FFS whether and how to define a minimum CPS window size, including (pre-)configurability and the case when TB - TA is smaller than the minimum CPS window size
· FFS whether and how to define a maximum value / upper bound for TB with respect at least to the minimum RSW size and the remaining PDB, including (pre-)configurability
· FFS how a set of candidate resource (SA) is initialized considering candidate single-slot resources, including
· Whether and how to define a minimum size for the RSW (e.g., Rel-16 T2min), including (pre-)configurability
· Whether the set SA is confined within a set of Y candidate slots within the RSW
· UE performs resource exclusion from the set SA based on at least all available sensing results and based on step 6) and 7) of Rel-16 TS 38.214 Sec. 8.1.4
· Note, re-evaluation and pre-emption checking in a resource pool with periodic reservation for another TB (sl-MultiReserveResource) disabled is considered separately.
· FFS: Details on T1 
CPS window determination
For the case that periodic reservation is disabled in the resource pool, partial sensing RA only needs to consider contiguous partial sensing. Given that a SCI can only reserve a resource in advance with indication up to 31 slots, there is no need to sense beyond 31 slots for a given candidate slot. 
There seem to be two alternatives proposed during the RAN1#106-e meeting:
· Alt 1: all the slots within resource selection window are initialized as candidate resource set and a UE performs CPS only within the first 31 slots of the resource selection window. 
In this case, only the slot immediately following the CPS can use such results to determine the initial resource selection, and other remaining slots in the resource selection window have either partial or no sensing results, e.g. slot m (more than 31 slots away from the CPS window) as shown in Figure 7 has no sensing results at all. In this case, the CPS is meaningless to determine initial resource selection, as this is equivalent to performing random resource selection rather than partial sensing.
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[bookmark: _Ref82869528]Figure 7. CPS is defined as first 31 slots of resource selection window.
Observation 3: For the case that a UE performs CPS only within the first 31 slots of the resource selection window:
· The CPS result is useless to determine initial resource selection if a UE selects resources which is more than 31 slots away from the CPS window, and thus waste power for performing CPS.
· If a UE wants to use CPS results, it has to perform early resource selection even if its PDB is large, which has already been extensively discussed in Rel-16 where there is strong concern on increased collisions to force system-level early resource selection among UEs.
· Alt 2: To align with the candidate slots initialization of PBPS, i.e. a set of Y candidate slots can be determined after slot n, and CPS is defined as the most relevant 31 slots to the earliest possible selected candidate slot (i.e. slot) from the selection window.
In this case, CPS is defined as the most relevant 31 slots to the earliest possible selected candidate slot (i.e. slot) from the selection window, as shown in Figure 8. In this case, at least for slot, the sensing results of CPS can be applied for initial resource determination, and the UE does not need to do re-evaluation for slot to save power compared to the case that CPS is defined as first 31 slots of resource selection window. 
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[bookmark: _Ref82870553]Figure 8 CPS is defined as the most relevant 31 slots to the most recent possible selected candidate slot.
With this unified design on candidate slots initialization for partial sensing resource allocation scheme, a set of Y candidate slots is selected within resource selection window for both PBPS and CPS, where Y should be no smaller than a minimum provided by a resource pool with partial sensing resource allocation (pre-)configured, and resource selection window is  as defined in Rel-16.
Observation 4: For the case that a UE performs CPS only for the most relevant 31 slots to the earliest possible selected candidate slot (i.e. slot) from the selection window
· The CPS results can always be used to determine initial resource selection.
· A unified design framework for partial sensing resource allocation scheme regardless of performing PBPS and/or CPS, and thus less specification effort.
Proposal 7: When a UE performs CPS only, a set of Y candidate slots is selected within resource selection window, and a set of candidate resource (SA) is initialized on the set of Y candidate slots within the resource selection window.
When CPS is defined as the most relevant 31 slots to the most recent possible selected candidate slot,  can be reported to MAC at slot  based on the partial sensing window, as shown in Figure 9. In addition, given that aperiodic reservation can only reserve up to 31 slots, sensing before slot n may not be as much necessary as for periodic reservation which can reserve up to 1000 ms (the maximum periodic reservation value allowed in a resource pool subject to Rel-16 specification). In this case, a UE can perform contiguous partial sensing upon resource selection trigger at slot n, and thus the most recent possible sensing slot is . In order to avoid potential resource collision, a UE is desired to allow CPS over [, ] which consists of 31 slots including processing time to cover all possible aperiodic reservation subject to PDB. That is, a UE desires that  is not smaller than n as long as PDB can be met to have sufficient CPS, although selection of the set Y candidate slots is up to UE implementation.
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[bookmark: _Ref66722097]Figure 9 CPS only: (a) is the case that partial sensing window is lower-bounded by slot n; (b) is the case that partial sensing window is lower-bounded by slot .
Proposal 8: When a UE performs contiguous partial sensing only for the resource (re)selection procedure, it monitors slots between [, ] for contiguous partial sensing to determine initial resource selection, where  is the first selected candidate slot in the resource selection window,  and  are as same as in Rel-16. 
· In reference to slot n, CPS window is defined as follows:
·  
·   
For partial sensing RA, when a UE performs CPS,  and  shall not be zero at the same time, which is equivalent to random resource selection given that no sensing is performed. Random resource selection RA procedure should be separately discussed in terms of well-managed discussion scope and positive progress. 
2.2 [bookmark: _Ref47512243]Random resource selection
Priority handling for a mixed type of RA schemes 
At RAN#106-e, the following agreement was made:
For random resource selection in a resource pool (pre-)configured with full/partial sensing and random resource selection, down-select to one of the followings in RAN1#106bis-e
· Option 1: A priority threshold value or a range of priority levels is (pre-)configured for the resource pool, below or within which random resource selection is allowed
· Note, lower value means higher priority
· FFS whether resource pool partitioning can be additionally applied
· Option 2: Increase the priority for the transmission based on random selection and indicate the new priority value in the priority field in the 1st-stage SCI
· FFS: An extra field is added in SCI for indicating the original priority value associated with QoS requirement,
· FFS: A 1-bit field in the SCI indicates that the UE is performing random resource selection, or
· FFS: An extra field is added in SCI for indicating the mapping to the original priority value associated with QoS requirement.
· Option 7: Exclude resources reserved by UE performing random selection without re-evaluation / pre-emption checking, regardless of their priorities. E.g. a 1-bit field in the SCI indicates that the UE is performing random resource selection and not performing re-evaluation and pre-emption checking
· Option 12: No special consideration
In this section, we discuss the impact of resource collision when random resource selection is performed by a UE which does not perform sensing in a resource pool configured with mixed type of RA schemes.
Impact on full-sensing UE
LTE-V does not support allowing a single resource pool to be configured with full-sensing and reduced-sensing, though a full-sensing resource pool and a reduced-sensing resource pool can be configured to be overlapped in time and/or frequency domains. Given the LTE-V reduced-sensing RA is designed for P2V use case, where traffic is typically dominated by periodic, broadcast-based awareness messages [2] that tend to have similar priorities, no particular design was introduced for priority handling among different types of RA in any cases, including configuration of overlapped resources pools. However, commercial and public-safety use cases are additionally supported in NR Rel-17 sidelink, meaning the service profile of a battery-constrained Rel-17 UE based reduced-sensing RA could be dynamic. 
Observation 5: LTE-V does not permit a single resource pool to be configured for mixed full-sensing and reduced-sensing RA. Furthermore, LTE-V does not consider priority handling among different types of RA, when different resource pools with different RA types are configured overlapped in resources.
NR SL design needs to support flexible and dynamic priority changes per transmission. This can allow a battery-constrained Rel-17 UE to transmit a high priority PSSCH on the resources based on reduced sensing RA, whilst such resources have sufficiently low collision probability so that the high QoS requirement can be met. 
Observation 6: In addition to the V2X use case, commercial and public-safety use cases are supported in NR Rel-17 sidelink, where a battery-constrained Rel-17 UE with reduced-sensing RA may have different priorities over time.
Rel-17 already supports different RA types to be configured in the same resource pool. However, given that a reduced-sensing UE does not monitor sufficient number of slots as a full-sensing UE does, simply allowing different types of resource allocation schemes in the same resource pool without any conditions, nor collision control, would produce a too-high rate of resource selection collision. We consider the following two cases in urban deployment with detailed simulation assumptions as in Appendix: 
· Case 1 - LTE-V baseline, i.e. configuration provides one TX resource pool for full-sensing V-UEs (for V2V only) and another for reduced-sensing P-UEs (for P2V only) respectively.
· Case 2 – All UEs (for P-UE & V-UE), regardless of type of RA, are in the same TX  resource pool, i.e. configurations provides a single resource pool. 
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[bookmark: _Ref68184282]Figure 10. RP configurations for Case 1 and Case 2.
We simulate the random resource selection as the reduced sensing RA and the full sensing RA. The system-level results of average PRR, from the only full-sensing V-UEs perspective, is shown in Figure 11, where detailed simulation assumptions can found in Appended Table 1. We observe a clear PRR loss of Case 2 over Case 1 from V-UE’s point of view only as shown in Figure 10, if admission of all the P-UEs is allowed to the same resource pool with V-UEs. 
[bookmark: _Ref61788934][image: ]
[bookmark: _Ref61897172]Figure 11. Average PRR from full-sensing V-UEs only perspective
Observation 7: Simply mixing all UEs with different types of RA in the same resource pool (i.e. option 12 of the agreement) would lead to performance degradation for full-sensing UEs in terms of PRR, compared to the LTE-V baseline where full-sensing and reduced-sensing UEs are configured in dedicated resource pools respectively. 
Proposal 9: For a resource pool configured with mixed type of RA schemes, the number of UEs performing random resource selection scheme needs to be controlled to reduce the impact on those UEs performing full sensing resource selection.
RP-level priority threshold configuration 
In a resource pool configured for mixed full-sensing and reduced-sensing, a full-sensing UE can monitor all SCIs including those originated from reduced-sensing UEs, and decides whether to re-select its own resources based on re-evaluation and pre-emption checking. The selected resource by the reduced-sensing UE may overlap with the resources reserved by a full-sensing UE due to large numbers of unmonitored SCIs. This is similar to pre-emption behavior, where a UE performing random resource selection pre-empts resources reserved by another UE. In Rel-16, pre-emption can be enabled/disabled per resource pool with a priority handling design, where a pre-emption priority threshold is configured for the resource pool. With this configuration, only a PSSCH with a priority value smaller than the priority threshold is allowed to pre-empt resources in the resource pool. This can be re-used in a resource pool configured for mixed full-sensing and reduced-sensing RAs to prevent that full sensing UEs must always back off or collide (a full-sensing UE will not reselect its reserved resources if priority of random resource selection is not higher than itself) in presence of a reduced sensing UE. We further evaluate another case to investigate the impact on V-UE’s performance in terms of PRR in the resource pool configured for mixed full-sensing and reduced-sensing RA:
· Case 3 – Some of P-UEs select to transmit PSSCH in a TX resource pool configured for mixed full-sensing and reduced-sensing RA, and the remaining P-UEs remain in the dedicated reduced-sensing TX resource pool for PSSCH transmission.
We set different priority thresholds (e.g. priority threshold = 2, 3 and 7) for the resource pool configured for mixed types of RA. A reduced-sensing P-UE can select to transmit PSSCH in the resource pool, if the priority value of this PSSCH is smaller than the priority threshold; otherwise, it selects to transmit PSSCH in another resource pool configured for reduced-sensing RA. In the same way as for Cases 1 and 2, we use random selection RA for reduced-sensing RA, and from the only full-sensing V-UE perspective, where simulation assumption can found in the Appendix Table 1. 
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[bookmark: _Ref61788948]Figure 12. Average PRR from full-sensing V-UEs only perspective, when in a resource pool for mixed types of RA where random selection UEs are admitted if priority < priority threshold. 
Setting different priority thresholds results in different reduced-sensing UE populations in the resource pool configured for mixed full-sensing and reduced-sensing RA. Based on these simulation results, for the case that only the highest priority (priority threshold = 2) reduced-sensing P2V PSSCH transmissions (i.e. priority = {1}) are selected to share with those full-sensing V2V PSSCH transmissions in the resource pool configured for mixed types of RA, the impact on the average PRR for those V-UEs performing full-sensing is negligible compared to the baseline (the PRR loss is small, even in longer communicating range). For priority threshold = 3 (i.e. allowing priority value = {1, 2}), impact on V2V transmissions is a bit higher at larger distance. However, if more reduced-sensing PSSCH transmissions are admitted, e.g. a priority threshold = 7 is configured (allowing priority value = {1, 2, 3, 4, 5, 6}), are selected to share with those full-sensing PSSCH transmissions, the performance of average PRR for the V-UEs performing full-sensing degrades with a clear margin, is much worse with increase over communicating distance. This is because a too-high priority threshold value (i.e. admitting too-much low priority traffic) leads to over-populating with reduced-sensing P-UEs and full-sensing UEs sharing the same resource pool, and excessive pre-emptions imposed on full-sensing UEs. For those full-sensing V-UEs with lower priorities than the reduced-sensing UEs are forced to reselect resources to avoid collisions. On the other hand, V-UE continues to re-select resources due to pre-emptions caused by P2V transmission, which further introduces delays. Given the limited resource in a selection window subject to PDB requirement, those full-sensing V-UEs have to increase the RSRP threshold to sustain a sufficient number of single-candidate resources for resource selection. This means those full-sensing V-UE have to (re-)select resources which may cause higher interference to PSSCH reception at targeted recipient UEs, and therefore degrades the PRR performance. 
Observation 8: The PRR performance of full-sensing UEs drops when a priority threshold is set too high due to over-populated reduced-sensing UEs to share with full-sensing UEs in the same resource pool resulting in excessive pre-emptions to those full-sensing UEs.
We then look at the PRR performance of random selection UEs only in the Case 3. For those reduced-sensing UEs with PSSCH transmissions in the resource pool configured for mixed types of RA, their PRR performance is higher than that if they were in a dedicated resource pool for reduced-sensing RA, as shown in Figure 13, where we use priority threshold = 2 which has almost no impact on full-sensing UEs performance.
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[bookmark: _Ref61897074]Figure 13. Average PRR from random selection P-UEs only perspective
In this case, around 1% PRR gain is observed at distance 80m for Case 3. This is due to the sensing effort made by the full-sensing UEs, so that a full-sensing UE can re-select resources reserved/occupied by a random selection UE to reduce the collision probability. However, in the dedicated resource pool for random selection RA (case 1 baseline), given that no SCI is monitored by any UE, there is no back-off on reserved resources to reduce collision. 
Observation 9: The PRR performance of reduced-sensing UEs in the mixed types of RA resource pool is improved compared to if those reduced-sensing UEs were confined in a dedicated reduced-sensing resource pool.
Based on the above observations, only a certain number of reduced-sensing UEs should be admitted for PSSCH transmission in the resource pool configured for mixed types of RA, to avoid significant PRR performance loss of the full-sensing UEs. Taking into account different QoS profiles of the NR sidelink services, it is more reasonable to allow such permissions on a priority basis, so that the power-constrained URLLC sidelink QoS would be guaranteed, whilst the performance of the full-sensing UE can still be resilient to those URLLC reduced-sensing based PSSCH transmissions. On the other hand, in our simulation, we consider the resource pool is already quite busy due to large number of full-sensing UEs with dense traffic. If the resource pool is less busy, with fewer full-sensing UEs transmitting, it may be possible that network can re-configure the priority threshold to allow additional power-constrained UEs associated with relatively smaller priority values to share transmission with full-sensing in the same pool for higher PRR performance. 
In summary, configuration for multiple resource pools, where some are for mixed types of RA and others are for reduced-sensing RA can be supported. This would benefit power-constrained URLLC sidelink transmission in terms of reduced power consumption as well as improved reliability, whilst introducing limited, and controllable, impact on full-sensing UEs in the same resource pool configured for mixed types of RAs, with a priority handling to allow flexible (re-)configurations. 
Observation 10: The impact of resource collision when random resource selection is performed by a UE which does not perform sensing/re-evaluation/pre-emption checking in a resource pool with mixed RA schemes is not negligible. Consequently, a solution is needed to address the issue in Rel-17.
Observation 11: A flexible (re-)configuration of priority threshold benefits power-constrained high priority sidelink transmission in terms of reduced power consumption as well as improved reliability, whilst introducing limited, and controllable, impact on full-sensing UEs in the same resource pool.
Proposal 10: Support option 1 of the agreement, i.e. a priority threshold is configured for a resource pool, at which reduced sensing UEs can select resources in a pool configured for mixed types of RA.
· A reduced-sensing UE can select to transmit a PSSCH in the mixed resource pool if the priority value of the PSSCH is smaller than the priority threshold; otherwise, it selects another resource pool configured for reduced-sensing RA to transmit the PSSCH.
Other designs
NR sidelink mode 2 sensing procedure is dependent on priority information as indicated in the 1st-stage SCI, which is determined by the higher layer, to enable PC5 QoS-based NR sidelink communication. This includes pre-emption procedure, where the resource reserved by a PSSCH transmission with lower priority can be pre-empted only by another PSSCH transmission with higher priority. Random selection RA can be viewed as “pre-emption” to full sensing RA given that random selection UE does not take into account reservation information due to no sensing is performed. Raising priority (a smaller priority value) in physical layer for random selection UEs (i.e. option 2 of the agreement) means to artificially prioritize random selection-based PSSCH transmissions over full sensing-based PSSCH transmission for the purpose of physical layer resource selection, i.e. a full-sensing UE is more likely to back off from its reservation and re-select resources to avoid collision even for the case that the actual priority (without this raising operation) of random selection is lower than that of full sensing.   
On the other hand, re-selection of resources due to pre-emption check can lead to increased latency, and potentially leads to increased RSRP threshold for resource exclusion procedure in order to sustain a sufficient number of single-candidate resources (X% as defined in mode 2 procedure step 7) for resource selection, i.e. a higher level of interference is admitted. Moreover,  is determined according to the i-th field in sl-ThresRSRP-List, where as defined in mode 2 procedure step 3. Raising priority for random selection transmission results in a RSRP threshold value using an index which does not reflect its actual priority, and consequently, the resources exclusion of a full sensing UE would be affected. That means, due to frequent resources re-selection caused by pre-emption, the resources reselected by the full sensing UE may be determined using an increased RSRP threshold, which may collide with random selection UEs even after resource re-selection. 
If the PSSCH transmission based on random selection RA needs to be prioritized due to QoS requirement, higher layer can always adjust its value and indicate it to physical layer to select a reliable set of resources with less probability of being collided with other UEs.
Observation 12: Priority can be adjusted by higher layer based on the traffic requirement, and indicate to physical layer which is used for sensing and resource selection procedure. Misalignment between physical player and higher layer on priority may cause performance loss, particularly to legacy full-sensing UEs in the same resource pool.
We evaluate following cases where the priority of a random selection UE is artificially raised.
· Baseline case: Both P-UE and V-UE are uniformly assigned with priority (value range:);
· Raising Priority Case 1: For P-UE, raise priority to value “1” for P-UE whose original value (assigned in the baseline case) is between 2 and 4.
· Raising Priority Case 2: For P-UE, raise priority to value “1” for all P-UEs.
· Note: other simulation assumption is given in Appendix Table 1.
The PRR results for V-UE only and P-UE only is shown in Figure 14 and Figure 15 respectively.
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[bookmark: _Ref79080166]Figure 14 V-UE’s PRR performance only
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[bookmark: _Ref79080177]Figure 15 P-UE PRR performance only
From a full sensing UE (V-UE) point of view, the PRR performance degrades over the raised priority for random selection UE (P-UE) compared to the baseline case: a drop from 90% to 89.5% at around 90m communication range. From a random selection UE point of view, the gain of PRR performance slightly increases (maximum 0.15% absolute PRR gain at around 90m) over the raised priority for random selection compared to the baseline case, which is much smaller than the losses caused to V-UE. In summary, given the above technical analysis and simulation results, we observe as follows:
Observation 13: The gain of artificially raising priority of a random selection-based transmission (i.e. option 2 of the agreement) in the physical layer can be neglected but sacrifices the full sensing UEs’ performance.
Another solution is to let a full sensing UE exclude resources reserved by UEs performing random resource selection without re-evaluation/pre-emption checking (i.e. option 7 of the agreement),  including a new resource allocation type indication in first stage SCI using reserved bit. Technically, option 7 is a sub-option of option 2 where it always raise priority value “1” for UEs performing random resource selection regardless of actual priority (which is determined by higher layer), thus the observation (observation 11) we made for option 2 stands same for option 7. Moreover, this solution is non-backward compatible given that a Rel-16 UE is not aware of whether the reservation is made by a UE with random resource selection. Thus this does not solve the issue as identified in section 2.2.1.1 when Rel-16 and Rel-17 UEs are sharing in the same resource pool.
Observation 14: In Option 7 of the agreement, a Rel-16 UE cannot understand this new 1-bit field in the SCI, thus does not know whether or not the resource reservation is made by a UE performing random resource selection. Therefore, Option 7 is non-backward compatible, and the negative impact on Rel-16 UEs remains unsolved when Rel-16 and Rel-17 UEs are sharing the same resource pool.
 Enhancement based on PSFCH
At RAN1#103-e, following agreements were made:
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection.
At RAN1#103-e, following conclusion were made:
· 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. 
At RAN1#104-e, following conclusion were made:
· PSFCH reception is not included for Type A UE
· S-SSB reception is not included for Type A UE
· SL reception Type B is additionally added
· Type B: Same as Type A with an exception of performing PSFCH and S-SSB reception
For random resource selection RA as defined in LTE-V, a UE randomly selects resources within the sensing window for PSSCH transmission in a resource pool. Due to the lack of sensing information, a UE does not know whether the selected resources are occupied or reserved by other UEs. The UE will not change the selected resources until re-selection counter expires, thus once a resource is selected by different UEs, of which ongoing PSSCH transmissions are with same periodicity, these selected periodic resources would be continuously collided. Moreover, it can be foreseen that as increase of the number of UEs using random selection, collisions will become more severe. This kind of consecutive collision is not desirable for high QoS and power-efficient service mentioned in [4].
In order to alleviate the collision, a possible direction could be choosing more reliable resources for random selection which excludes those periodically collided resources. This can be achieved by utilizing HARQ-ACK information. We denote non-contiguous NACK as: NACKs received corresponding to transmissions of periodic multiple TBs. In this non-contiguous NACK case, the collisions could come from either aperiodic or periodic interference. However, with the increased number of consecutive collisions detected on the selected periodic resources, it is more likely that there is a periodic interferer. It would be beneficial to re-select resources for future transmissions to avoid further collisions. The reception of consecutive non-contiguous NACKs across multiple periods for a given periodicity, can be defined as a condition to trigger re-selection in addition to the re-selection counter expires. As shown in Figure 16, a UE excludes the candidate resource marked as yellow if it receives non-contiguous NACKs at PSFCH occasions corresponding to R1-1, R2-1, R3-1, and so on. That is, the UE will exclude the candidate recourses which are periodically reserved by its PSCCH/PSSCH corresponding to consecutive non-contiguous NACKs.
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[bookmark: _Ref79157461]Figure 16 Consecutive collision for random selection periodic reservation
Proposal 11: When using random selection, reception of consecutive number of NACKs across multiple periods of a given periodicity is a condition for triggering (re-)selecting resources and the remaining periodic resources will be excluded.
· FFS how many consecutive NACKs across multiple periods for a given periodicity can be defined as to trigger resources (re-)selection.
2.3 Re-evaluation and pre-emption check
At RAN#103-e, the following agreement was made:
· 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.
At RAN1#106-e, the following agreement was made:
For a resource pool (pre-)configured with at least partial sensing and UE is configured by its higher layer for partial sensing, 
· Periodic-based partial sensing and contiguous partial sensing schemes are supported for resource re-evaluation and pre-emption checking
· FFS details of partial sensing for re-evaluation and pre-emption checking, including any restrictions / conditions on performing PBPS and CPS, subset of resources, timing, candidate resource set (SA) and etc
· Same as in Rel-16, the higher layer indicates a set of resourcesand/or a set of resources  for re-evaluation and/or pre-emption checking, respectively
· Pre-emption checking is enabled according to the Release-16 interpretation of sl-PreemptionEnable.
· FFS: If additional enhancements are needed for enabling/disabling
· The triggering of re-evaluation and pre-emption checking is as in R16. 
Timeline of mode 2 resource allocation includes sensing, identification of candidate resources (i.e. determination of) and report to MAC layer, re-evaluation/pre-emption on a set of resource provided by MAC layer, update of, etc., as shown in Figure 17. For Rel-17, the timing reference on determination of is changed to slot subject to processing timing restriction rather than slot n as in Rel-16, and therefore re-evaluation and pre-emption check are performed after determination of. In addition, a UE does not need to monitor every slot for re-evaluation and pre-emption check taking into account power consumption reduction. In order to detect periodic reservation after (i.e. the upper bond of the CPS window), only sensing occasions corresponding to  are monitored. On the other hand, to detect aperiodic reservation after, a UE only needs to monitor 31 slots prior to the set of Y candidate slots starting from  for re-evaluation and pre-emption check, because resource exclusion on slot  is already performed by PBPS and CPS during determination, as shown in Figure 18. The remaining procedures are same as in Rel-16.
  [image: ]
[bookmark: _Ref79081538]Figure 17. Timeline of resource allocation for Rel-16 and Rel-17
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[bookmark: _Ref78980487]Figure 18. monitoring occasions for re-evaluation and pre-emption check for partial sensing.
Proposal 12: Re-evaluation and pre-emption checking procedures for partial sensing RA should reuse that defined in Rel-16 full sensing RA as much as possible with following changes:
· Only sensing occasions corresponding to  are monitored for re-evaluation and pre-emption checking to detect periodic reservation after.
· A maximum 31 slots prior to the set of Y candidate slots starting from  are monitored for re-evaluation and pre-emption checking to detect aperiodic reservation after, given that resource exclusion on slot  is already performed by PBPS and CPS during  determination.
Based on either LTE-V mode 4 or NR-V mode 2 resource allocation procedures, sensing refers to PSCCH monitoring. The Rel-17 baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection, which aims at minimize power consumption on resource allocation, where PHY layer basically reports all candidate resources without exclusion procedure (i.e., not depending on any PSCCH monitoring) to MAC layer. The need of PSCCH monitoring for a UE to randomly select resource in physical layer needs justification in terms of power consumption point view. 
Observation 15: PSCCH monitoring for a UE performing random selection RA is not justified.
However, given that a resource pool can be configured to support mixed RA, a UE can do both random selection RA and sensing-based RA (including partial sensing and full sensing) in a resource pool. In this case, PSCCH monitoring is intended for sensing-based resource selection rather than random selection. Hence the re-evaluation and pre-emption which is based on PSCCH monitoring is intended for sensing-based resource selection. 
Proposal 13: No re-evaluation and pre-emption check are needed for a UE performing random selection RA.
Re-evaluation and pre-emption checking are beneficial. However, taking into account power consumption constraints, it is not necessary to perform re-evaluation and pre-emption check before every transmission based on partial sensing RA. Conditions to trigger those behaviors need to be considered, so that the reliability of mode 2 operation can be guaranteed whilst reducing power consumption for a power saving UE. The purpose of re-evaluation and pre-emption check is to sense more slots in addition to the slots belonging to a sensing window or partial sensing occasions to determine whether the selected/reserved slots in the future are occupied, and a UE needs not perform re-evaluation and pre-emption check if the selected/reserved slots in the future are determined unlikely or not at all to be occupied. One consideration is that a UE estimates the interference level itself, i.e., the chance of resource collision, where HARQ-ACK information received on PSFCH can be utilized to reflect the interference level. For example, a sufficient number of NACKs corresponding to its own PSSCH transmissions are detected, which may suggest a high interference level, i.e. it is likely the reserved slots would be occupied by others, and therefore re-evaluation and pre-emption checking is triggered, while otherwise they are not performed. In addition, priority can also be used to trigger re-evaluation and pre-emption checking so that the high priority transmission can be carefully handled to avoid potential collisions. 
Proposal 14: When HARQ-feedback is enabled, detection of a number of NACKs on PSFCH occasions corresponding to a UE’s own PSSCH transmissions can be used to trigger re-evaluation and pre-emption for partial sensing RA.
2.4 Inter-UE coordination for power saving
It is already proven that PRR performance of reduced-sensing RA is poorer than full sensing based RA. For a power-constrained UE, power consumption reduction is important; on the other hand, reliability performance is also desirable given that NR sidelink is supposed to support advanced services in V2X, public safety and commercial uses cases with higher QoS profile [4] than that in LTE-V2X. Based on the option B of preferred resource set of inter-UE coordination scheme 1, a UE does not need to sense for resource selection but to use the resources indicated in coordination information for transmission during a coordination window for inter-UE coordination operation. This can improve mode 2 reliability (simulation results are provided in our companion paper [5].) as well as reduce UE power consumption due to no sensing and resource selection. We discuss this operation in detail in our companion paper [5].
Proposal 15: During a coordination window for inter-UE coordination operation, a UE does not sense for resources selection to reduce power consumption whilst uses resources indicated from its coordinating UEs for transmission to improve reliability. 
2.5 DRX impact on resource allocation
From a TX UE point of view, in order to improve the reliability, sensing procedure (either full-sensing or partial sensing) including re-evaluation and pre-emption checking (if enabled) was introduced for resource selection. The sensing window/occasions and SL DRX inactive time may be partially/completely overlapped subject to traffic profiles (e.g. PDB, transmission periodicity) and SL-DRX configuration, as shown in Figure 19. In this case, a UE cannot obtain sufficient sensing results (we define sufficient sensing results as the case that UE can perform sensing-based resource allocation) if the UE does not monitor any PSCCH during its SL DRX inactive time, which may result in higher probability of resource collision. 
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[bookmark: _Ref67744026]Figure 19 DRX configuration impact PSCCH monitoring 
Observation 16: Sensing procedure (including pre-emption and re-evaluation check), either full-sensing or partial-sensing, is introduced for a UE to select reliable resources to transmit data. However, if there is an overlap between sensing windows/occasions and SL-DRX inactive time of the UE, sensing results would be less reliable, and therefore degrade resource selection performance.
Thus, taking into account reliability as well as power consumption, from both transmission and reception behavior point of view, a UE needs to perform sensing (PSCCH reception and PSPR measurement) during SL DRX inactive time for sensing and resource selection purpose. Otherwise, a UE may select unreliable resources for PSCCH/PSSCH transmissions which are already reserved by other UEs, but not excluded due to skip sensing during SL-DRX inactive time. Furthermore, sensing behavior during SL DRX inactive time should not be left fully up to UE implementation where it could allow the UE to abandon any resource allocation configurations that may exist (e.g. partial sensing, full sensing, random selection, or any combination of them), and do whatever it likes. This will lead to an unpredictable baseline system-level performance. 
It is more appropriate that specification can define sensing rules that every UE can follow to ensure quality of the sensing and resource selection procedure in the system. When partial sensing occasions are overlapped with SL-DRX inactive time, a UE performs sensing subject to conditions. If conditions are not met otherwise, a UE does not perform sensing during SL-DRX inactive time to save power. To be specific, those conditions can be based on whether the sensing is necessary to alleviate resource collision taking into account trade-off between power saving and reliability. At least one of following conditions can be defined for a UE to perform sensing and measurement during SL-DRX inactive time:
1) When there are a large number of slots which should have been sensed during SL-DRX inactive time, the number of actual sensing slots in SL-DRX active time is small. This results in inaccurate resource exclusion and is likely leading to resource collision. In this case, the ratio of how many partial sensing slots are overlapped with SL-DRX inactive time can be a condition, i.e. a ratio of the number of partial sensing slots overlapped SL-DRX inactive time over the number of total partial sensing slots, is above a (pre-)configured threshold per resource pool.
2) When the channel is congested, it is more likely that resources will be collided if there is less sensing effort. In this case, congestion level of the channel can be a condition, e.g. measured CBR at TX UE is above a (pre-)configured CBR threshold per RP.
3) When the to-be-transmitted packet is with high QoS profile, e.g. the priority value of to-be-transmitted PSSCH is below a priority threshold (pre-)configuration per RP.
Proposal 16: When at least one of the following conditions is met, the UE shall perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time:
· Condition 1: A ratio of the number of partial sensing slots overlapped with SL-DRX inactive time over the number of total partial sensing slots, is above a (pre-)configured X% threshold.
· Condition 2: Measured CBR is above a (pre-)configured CBR threshold.
· Condition 3: The priority value of to-be-transmitted PSSCH is below a (pre-)configured priority threshold.
In addition, there are many FFS on relationship between partial sensing (including PBPS, CPS and re-evaluation and pre-emption checking for PBPS/CPS) and SL-DRX, such that partial sensing resource allocation schemes including resource selection window, partial sensing occasions,  re-evaluation and pre-emption checking occasions are aligned/adjusted based on SL-DRX configuration. Given the limited time budget remains in Rel-17, discussion on relationship between partial sensing and SL-DRX should be deprioritized compared to fully completion of power saving resource allocations schemes in RAN1. This can be handled if time allows in Rel-17 or left to future releases.
Proposal 17: Optimization work for relationship between partial sensing and DRX should not be considered in Rel-17.
2.6 Congestion control
At RAN103-e, the following agreements were made:
· 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
Congestion control is beneficial for managing sidelink transmission not only for Rel-16 V-UE, but also for power-constrained UEs to achieve good system performance by adjusting transmission parameters (e.g. MCS, transmit power, number of retransmissions, etc.) as well as determination of CR limit for resource selection subject to QoS requirements. CBR and CR measurements were introduced to reflect the channel congestion and resource occupancy status. In Rel-16, CR is evaluated to reflect how many sub-channels are used and granted for a UE’s PSSCH transmissions, which can be reused in Rel-17 with modification if necessary. However, a UE needs to perform SL RSSI measurement in all slots for the entire CBR measurement window to obtain CBR result, which may not be feasible to be reused for either reduced-sensing or with SL-DRX configuration. These operations may not require a UE to receive and measure in some slots for the purpose of power consumption reduction. Hence, CBR measurement needs adaption in Rel-17 to take into account power consumption reduction. 
Proposal 18: CBR measurement needs adaptation for Rel-17 UE with partial sensing or sidelink DRX configuration, to take into account power consumption reduction.
In NR Rel-16, a CBR measurement window is defined as, wherein  is equal to  or  slots, and a UE performs SL RSSI measurement to obtain CBR over the CBR measurement window. In order to reduce power consumption, the measured slots within the CBR measurement window should be reduced. If the measured slots are determined based on partial sensing occasions only, the CBR measurement may be not or not nearly accurate, and in the worst case, the CBR measurement may represent an opposite situation, e.g. channel is not busy, however it is, as shown in Figure 20. A UE does not detect the “channel busy region” (refer to congested resources, which can be periodically occurred in time) and thus the CBR measurement based on PBPS occasions only indicates the channel is clean, implying no congestion control is needed for transmission on the set of Y candidate slots in the resource selection window. But actually the channel is congested when the UE transmits PSCCH/PSSCH on set of Y candidate slots. This is because partial sensing candidate slots determination does not take into account CBR measurement accuracy.
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[bookmark: _Ref83387403]Figure 20 CBR measurement on partial sensing occasions
Similarly for SL-DRX cases, if the measured slots are only within  SL-DRX ON duration which has no or a very small potation of overlapping with channel busy region, as shown in Figure 21, the CBR measurement is inaccurate to be used for congestion control of its future transmission. 
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[bookmark: _Ref83809047]Figure 21 CBR measurement on SL-DRX
Congestion control is distributed at system level and affects all UEs, but partial sensing or SL-DRX configuration can be per UE behavior which different UE at different time have different number of sensing occasions or length of DRX ON-duration. In order to increase measurement accuracy, the number of reduced measurement slots should not be too small, and should be not up to individual UEs. Otherwise, without a specified and controlled behavior in the system, inaccurate CBR measurement can lead to failure of congestion control as defined in Rel-16, and the overall QoS-based system performance would be suffered, particularly for a Rel-16 and Rel-17 shared resource pool. 
Observation 17: Congestion control is distributed at system level, whilst partial sensing candidate slots or SL-DRX are determined primarily to suit expected traffic profiles at UE level considering power consumption reduction. Hence CBR based only on partial sensing occasions or SL-DRX may have no reliable relation with the actual channel congestion level. If the CBR measurement is not or not nearly accurate, it may represent an opposite situation which results in failure of congestion control.
Thus it is more appropriate that network operators or regulators can (pre-)configure the number of the reduced measurement slots within the CBR measurement window to handle the trade-off between CBR accuracy and power efficiency. In detail, we can define a set of measurement slots, which are evenly distributed with (pre-)configured K slots spaced between any two adjacent slots, within the CBR measurement window. A UE performs CBR at least on the set of slots rather than the entire CBR measurement window, as shown in Figure 22. A large time interval  is beneficial to power consumption reduction, but may lead to inaccurate RSSI measurement, and vice versa. 
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[bookmark: _Ref83387469]Figure 22 CBR measurement on (pre-)configured measurement slots (marked as red slots)
Given that the number of the set of Y candidate slots are UE implementation, in case that a UE selects a larger value of Y to prioritize reliability by performing more sensing, it is also possible that the UE can measure more slots which are beyond the (pre-)configured a set of measurement slots within the CBR measurement window. In this case, a UE can use RSSI results on those partial sensing slots in addition to the (pre-)configured a set of measurement slots to determine CBR. 
Proposal 19: CBR measurement for partial sensing is performed at least on every Kth slot of the Rel-16 CBR measurement window, where K is (pre-)configured per resource pool. 
3 Conclusions
This contribution has provided our view on resource allocation to reduce power consumption with observations and proposals as follows:
Proposal 1: Clarify that in the working assumption on k, the two most recent sensing occasions are monitored for each (pre-)configured periodicity in a resource pool. 
Proposal 2: For PBPS occasions on determination of  for initial resource selection, the most recent sensing occasion for a given (pre-)configured reservation periodicity refers to the occasion immediately before.
Proposal 3: When a UE is configured to perform partial sensing by higher layer, both PBPS and CPS shall be performed in a resource pool with partial sensing resource selection and periodic reservation enabled.
Proposal 4: When a UE performs both periodic-based and contiguous partial sensing for the resource (re)selection procedure, it monitors slots between slots [, ] for continuous partial sensing in addition to periodic partial sensing to determine initial resource selection regardless of whether or not Prsvp_TX = 0, where  is the first selected candidate slot in the resource selection window,  and  are as same as in Rel-16.
· In reference to slot n, contiguous partial sensing window is defined as follows:
· 
·  
Proposal 5: When UE performs both periodic-based and contiguous partial sensing for the resource (re)selection procedure, 
· The same set of Y candidate slots as agreed for PBPS is used to determine initial resource selection, regardless of whether or not Prsvp_TX = 0.
· Initialization of the set of candidate resource (SA) for PBPS and CPS is based on the set of Y candidate slots, when sensing results are sufficient.
Proposal 6: When partial sensing result is insufficient/unavailable: 
· Reuse Rel-14/Rel-16 mechanism, i.e. a UE performs random resource selection in the exceptional resource pool.
· If optimizations are introduced, they should be for high-QoS traffic (the priority value is lower than a priority value threshold configured for the resource pool), where a UE performs random resource selection in the resource pool configured to allow performing random resource selection.
Proposal 7: When a UE performs CPS only, a set of Y candidate slots is selected within resource selection window, and a set of candidate resource (SA) is initialized on the set of Y candidate slots within the resource selection window.
Proposal 8: When a UE performs contiguous partial sensing only for the resource (re)selection procedure, it monitors slots between [, ] for contiguous partial sensing to determine initial resource selection, where  is the first selected candidate slot in the resource selection window,  and  are as same as in Rel-16. 
· In reference to slot n, CPS window is defined as follows:
·  
·   
Proposal 9: For a resource pool configured with mixed type of RA schemes, the number of UEs performing random resource selection scheme needs to be controlled to reduce the impact on those UEs performing full sensing resource selection.
Proposal 10: Support option 1 of the agreement, i.e. a priority threshold is configured for a resource pool, at which reduced sensing UEs can select resources in a pool configured for mixed types of RA.
· A reduced-sensing UE can select to transmit a PSSCH in the mixed resource pool if the priority value of the PSSCH is smaller than the priority threshold; otherwise, it selects another resource pool configured for reduced-sensing RA to transmit the PSSCH.
Proposal 11: When using random selection, reception of consecutive number of NACKs across multiple periods of a given periodicity is a condition for triggering (re-)selecting resources and the remaining periodic resources will be excluded.
· FFS how many consecutive NACKs across multiple periods for a given periodicity can be defined as to trigger resources (re-)selection.
Proposal 12: Re-evaluation and pre-emption checking procedures for partial sensing RA should reuse that defined in Rel-16 full sensing RA as much as possible with following changes:
· Only sensing occasions corresponding to  are monitored for re-evaluation and pre-emption checking to detect periodic reservation after.
· A maximum 31 slots prior to the set of Y candidate slots starting from  are monitored for re-evaluation and pre-emption checking to detect aperiodic reservation after, given that resource exclusion on slot  is already performed by PBPS and CPS during  determination.
Proposal 13: No re-evaluation and pre-emption check are needed for a UE performing random selection RA.
Proposal 14: When HARQ-feedback is enabled, detection of a number of NACKs on PSFCH occasions corresponding to a UE’s own PSSCH transmissions can be used to trigger re-evaluation and pre-emption for partial sensing RA.
Proposal 15: During a coordination window for inter-UE coordination operation, a UE does not sense for resources selection to reduce power consumption whilst uses resources indicated from its coordinating UEs for transmission to improve reliability. 
Proposal 16: When at least one of the following conditions is met, the UE shall perform SL reception of PSCCH and RSRP measurement for sensing during its SL DRX inactive time:
· Condition 1: A ratio of the number of partial sensing slots overlapped with SL-DRX inactive time over the number of total partial sensing slots, is above a (pre-)configured X% threshold.
· Condition 2: Measured CBR is above a (pre-)configured CBR threshold.
· Condition 3: The priority value of to-be-transmitted PSSCH is below a (pre-)configured priority threshold.
Proposal 17: Optimization work for relationship between partial sensing and DRX should not be considered in Rel-17.
Proposal 18: CBR measurement needs adaptation for Rel-17 UE with partial sensing or sidelink DRX configuration, to take into account power consumption reduction.
Proposal 19: CBR measurement for partial sensing is performed at least on every Kth slot of the Rel-16 CBR measurement window, where K is (pre-)configured per resource pool. 

Observation 1: For a given reservation periodicity, monitoring multiple most recent occasions per periodicity (e.g. most recent two PBPS occasions) has PRR gain and hence communication range gain over the case for monitoring only the most recent one occasion, when the channel is congested.
Observation 2: Resource pool cannot disable aperiodic transmission, thus without performing CPS, a UE cannot detect aperiodic reservation from other UEs, resulting in PRR performance degradation.
Observation 3: For the case that a UE performs CPS only within the first 31 slots of the resource selection window:
· The CPS result is useless to determine initial resource selection if a UE selects resources which is more than 31 slots away from the CPS window, and thus waste power for performing CPS.
· If a UE wants to use CPS results, it has to perform early resource selection even if its PDB is large, which has already been extensively discussed in Rel-16 where there is strong concern on increased collisions to force system-level early resource selection among UEs.
Observation 4: For the case that a UE performs CPS only for the most relevant 31 slots to the earliest possible selected candidate slot (i.e. slot) from the selection window
· The CPS results can always be used to determine initial resource selection.
· A unified design framework for partial sensing resource allocation scheme regardless of performing PBPS and/or CPS, and thus less specification effort.
Observation 5: LTE-V does not permit a single resource pool to be configured for mixed full-sensing and reduced-sensing RA. Furthermore, LTE-V does not consider priority handling among different types of RA, when different resource pools with different RA types are configured overlapped in resources.
Observation 6: In addition to the V2X use case, commercial and public-safety use cases are supported in NR Rel-17 sidelink, where a battery-constrained Rel-17 UE with reduced-sensing RA may have different priorities over time.
Observation 7: Simply mixing all UEs with different types of RA in the same resource pool (i.e. option 12 of the agreement) would lead to performance degradation for full-sensing UEs in terms of PRR, compared to the LTE-V baseline where full-sensing and reduced-sensing UEs are configured in dedicated resource pools respectively. 
Observation 8: The PRR performance of full-sensing UEs drops when a priority threshold is set too high due to over-populated reduced-sensing UEs to share with full-sensing UEs in the same resource pool resulting in excessive pre-emptions to those full-sensing UEs
Observation 9: The PRR performance of reduced-sensing UEs in the mixed types of RA resource pool is improved compared to if those reduced-sensing UEs were confined in a dedicated reduced-sensing resource pool.
Observation 10: The impact of resource collision when random resource selection is performed by a UE which does not perform sensing/re-evaluation/pre-emption checking in a resource pool with mixed RA schemes is not negligible. Consequently, a solution is needed to address the issue in Rel-17.
Observation 11: A flexible (re-)configuration of priority threshold benefits power-constrained high priority sidelink transmission in terms of reduced power consumption as well as improved reliability, whilst introducing limited, and controllable, impact on full-sensing UEs in the same resource pool.
Observation 12: Priority can be adjusted by higher layer based on the traffic requirement, and indicate to physical layer which is used for sensing and resource selection procedure. Misalignment between physical player and higher layer on priority may cause performance loss, particularly to legacy full-sensing UEs in the same resource pool.
Observation 13: The gain of artificially raising priority of a random selection-based transmission (i.e. option 2 of the agreement) in the physical layer can be neglected but sacrifices the full sensing UEs’ performance.
Observation 14: In Option 7 of the agreement, a Rel-16 UE cannot understand this new 1-bit field in the SCI, thus does not know whether or not the resource reservation is made by a UE performing random resource selection. Therefore, Option 7 is non-backward compatible, and the negative impact on Rel-16 UEs remains unsolved when Rel-16 and Rel-17 UEs are sharing the same resource pool.
Observation 15: PSCCH monitoring for a UE performing random selection RA is not justified.
Observation 16: Sensing procedure (including pre-emption and re-evaluation check), either full-sensing or partial-sensing, is introduced for a UE to select reliable resources to transmit data. However, if there is an overlap between sensing windows/occasions and SL-DRX inactive time of the UE, sensing results would be less reliable, and therefore degrade resource selection performance.
Observation 17: Congestion control is distributed at system level, whilst partial sensing candidate slots or SL-DRX are determined primarily to suit expected traffic profiles at UE level considering power consumption reduction. Hence CBR based only on partial sensing occasions or SL-DRX may have no reliable relation with the actual channel congestion level. If the CBR measurement is not or not nearly accurate, it may represent an opposite situation which results in failure of congestion control.
Appendix: Simulation assumptions
[bookmark: _Ref78207212]Table 1: Basic simulation assumptions for mixed types of RA
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	RP configuration
	Case 1: two RPs - one is configured for full-sensing RA, where 3 sub-CHs are configured; the other is configured for reduced-sensing RA only, where 2 sub-CHs are configured. In each RP, one sub-CH consists of 10 PRBs. 

Case 2: There is a single RP configured for mixed types of RA, where 5 sub-CHs are configured, each consists of 10 PRBs.

Case 3: two RPs - one is configured for mixed types RA, where 3 sub-CHs are configured; the other is configured for reduced-sensing RA only, where 2 sub-CHs are configured. In each RP, one sub-CH consists of 10 PRBs.

	Sub-carrier spacing 
	60 kHz SCS

	Resource allocation
	V-UE: Full-sensing (Mode 2 in Rel-16);
P-UE: Reduced-sensing (Random resource selection in Rel-14)

	Synchronization
	Ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link & direct pedestrian-to-vehicle link.
Interference is considered among P2V and V2V links for the RP that is configured for mixed types of RA.

	Antenna model
	TR 37.885 Option 1

	Traffic model
	For P2V: Aperiodic: 
packet size: uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes. 
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms, and 100% vehicles generate packets. 
Priority value (value range = {1, 2, 3, 4, 5, 6, 7, 8}) per packet is uniformly distributed.

For V2V: Aperiodic-1 of TR 37.885: 
packet size: uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes. 
Inter-packet arrival time: 50ms + an exponential random variable with the mean of 50 ms, and 100% vehicles generate packets. 
Priority value (value range = {1, 2, 3, 4, 5, 6, 7, 8}) per packet is uniformly distributed.

	Deployment and UE drop
	Urban-A as defined in TR 37.885 for 500 V-UEs and 500 P-UEs.

	Number of Tx/Rx antennas
	2Tx/4Rx 

	Cast type
	Unicast (distance index: corresponding to 20m)



[bookmark: _Ref78807276]Table 2 Basic simulation assumptions for partial sensing RA
	Parameter
	Assumption

	Frequency
	6 GHz

	Simulation bandwidth
	40 MHz

	RP configuration
	One RP, where 5 sub-CHs are configured, each consists of 10 PRBs.

	Sub-carrier spacing 
	60 kHz SCS

	Resource allocation
	P-UE: Partial sensing
V-UE: Full-sensing

	Synchronization
	Ideal time frequency synchronization

	Link type
	Direct vehicle-to-vehicle link & direct pedestrian-to-vehicle link.
Interference is considered among P2V and V2V links.

	Antenna model
	TR 37.885 Option 1

	Traffic mode
	For P2V:
Periodic: packet size: 300 bytes.  
Inter-packet arrival time (ms):{20, 1000}, uniformly assigned to P-UEs (i.e. the periods allowed in the RP), latency = 20 ms, 100 ms , respectively.

For V2V:
Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8; 
Inter-packet arrival time (ms):{20, 1000}, uniformly assigned to V-UEs (i.e. the periods allowed in the RP), latency = 20 ms, 100 ms , respectively.

	Deployment and UE drop
	Urban-A as defined in TR 37.885 for 500 V-UEs and 500 P-UEs.

	Number of Tx/Rx antennas
	2Tx/4Rx 

	Cast type
	Unicast
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