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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.
RAN1 has a clear identification of reference reception types against which power consumption enhancements for mode 2 resource allocation can be evaluated, as well as definitions and initial agreements relating to partial sensing (both periodic-based partial sensing and contiguous partial sensing), random selection, resource pool configurations including supporting mixed RA in the same resource pool, re-evaluation and pre-emption check, and congestion control, etc.
In this contribution, we continue to discuss open issues for resource allocation to reduce power consumption for Rel-17 UEs.
2 Discussions
2.1 Resource pool configurations for mixed RA
At RAN#103-e, the following agreements were made:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.
LTE-V does not support allowing a single resource pool to be configured with mixed full-sensing and reduced-sensing (random selection or partial 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 designated 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 1: 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 UE 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 2: 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 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 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 resource pool, i.e. configurations provides a single resource pool. 
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[bookmark: _Ref68184282]Figure 1 RP configurations for Case 1 and Case 2.
It is already proven during LTE-V specification in Rel-14 that the performance among different types of RA generally follows random selection < partial sensing < full sensing in terms of PRR. We only simulate the random selection for reduced sensing RA (the worst performed RA in terms of PRR) and the full sensing for simplifying evaluation purpose. The system-level results of average PRR, from the only full-sensing V-UEs perspective, is shown in Figure 2. Upgrades we have made to our simulator since last time including deployment of P-UEs, mixed P2V and V2V traffics with consideration of cross-link interference in the RP configured for mixed types of RA, 500 P-UEs and 500 V-UEs, different RP configurations, etc., where detailed simulation assumptions can found in Appended Table 1. We observe PRR loss of Case 2 over Case 1 from V-UE’s point of view only, if admission of all the P-UEs is allowed to the same resource pool with V-UEs, where average PRR and the PRR loss % (determined as  ), are shown in Figure 1. 
[bookmark: _Ref61788934][image: F1]   
[bookmark: _Ref61897172]Figure 2. Average PRR and PRR loss % from full-sensing V-UEs only perspective
Observation 3: Simply mixing all UEs with different types of RA in the same resource pool 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.
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 checks. 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 it allows a high priority full-sensing UE to pre-empt a low priority resources reserved by another UE, and instead in Rel-17, a reduced-sensing UE pre-empts a full-sensing 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 in presence of a reduced sensing UE which may have a quite different service profile. We further evaluate another case to investigate the impact on 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 resource pool configured for mixed full-sensing and reduced-sensing RA, and the remaining P-UEs remain in the dedicated reduced-sensing 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. 
   
[bookmark: _Ref61788948]Figure 3 Average PRR and PRR loss ratio 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. PRR loss % is determined as  
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 P2V 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 V2V 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) leas to over-populating with reduced-sensing UEs and full-sensing UEs sharing the same resource pool, and excessive pre-emptions imposed on full-sensing UEs. For those full-sensing UEs with lower priorities than the reduced-sensing UEs are forced to reselect resources to avoid collisions. On the other hand, V2V 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 UEs have to increase the RSRP threshold to sustain a sufficient number of single-candidate resources for resource selection. This means those full-sensing 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 4: The PRR performance of full-sensing UEs drops when a priority threshold is set too high due to over-populated reduced-sensing UEs and full-sensing simultaneously transmitting PSSCHs 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 4, where we use priority threshold = 2 which has almost no impact on full-sensing UEs performance.
   
[bookmark: _Ref61897074]Figure 4. Average PRR from random selection P-UEs only perspective
In this case, around 1 % PRR gain is observed at distance 80m (distance index = 4, ~90% PRR range) 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 5: 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. 
Proposal 1: 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.
2.2 Partial sensing
Periodic-based partial sensing
Determination on resource selection window and candidate slots
At RAN1#104-e, the following agreement were made:
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, it is up to UE implementation to determine a set of Y candidate slots within a resource selection window, where
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· The resource selection window is [n+T1, n+T2]
· As a baseline, T1 and T2 are defined in the same way as in R16 NR-V2X according to step 1 [TS 38.214 Sec. 8.1.4]
· Further discuss whether or not to introduce a threshold to re-define T1 and T2 such that
· T1 ≥ 0 (subject to processing time constraint Tproc, 1), and T2 ≤ remaining PDB
· T2-T1 ≤ (pre-)configured threshold
· A minimum value for Y is (pre-)configured from a range of values, FFS details
· FFS any restriction to determine Y candidate slots (including its relationship with SL-DRX)
· 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
· Note: The terminology “periodic-based partial sensing” is based on the “partial sensing” used in LTE-V and it is intended to be used for the design and discussion of partial sensing in Rel-17.
When a resource pool is configured to enable periodic reservation, periodic-based partial sensing should be performed if a UE utilizes partial sensing RA for PSCCH/PSSCH transmission of which traffic types can be either periodic or aperiodic. 
Proposal 2: For partial sensing RA, if a resource pool enables periodic reservation,  periodic-based partial sensing has to be performed.
For the resource selection window, both T1 and T2 are up to UE implementation as long as these values satisfy the minimum processing delay and PDB requirements in Rel-16, and a UE can select any resource within the window. Further restriction on timing, e.g. T1 - T2 ≤ (pre-)configured threshold, this unnecessarily shrinks the selection window, i.e. re-produce a smaller window within the original selection window, which leads to reduction of the total available candidate slots that may increase the resource collision probability. Hence, we do not see the necessity to restrict values of T1 and T2 in Rel-17, given that the baseline scheme can provide flexible UE implementation choice whilst meeting PDB requirement.
Proposal 3: On resource selection window, no extra restrictions beyond those in Rel-16 on selection of T1 and T2 values are needed.
Determination of periodic sensing occasions
At RAN1#104-e, the following agreement were made:
In a resource pool (pre-)configured with at least partial sensing, if UE performs periodic-based partial sensing, at least when the reservation for another TB (when carried in SCI) is enabled for the resource pool and resource selection/reselection is triggered at slot n, the UE monitors slots of at least one periodic sensing occasions, where a periodic sensing occasion is a set of slots according to

if tvSL is included in the set of Y candidate slots.
· Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). Down select to one:
· Option 1: Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Option 2: Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList
· FFS how to determine the subset (e.g., by (pre-)configuration, UE determination)
· Option 3: Preserve is a common divisor among values in the configured set sl-ResourceReservePeriodList
· Option 4: FFS others
· k is selected according to (down select to one)
· Option 1: Only the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 2: The two most recent sensing occasions for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 3: All possible sensing occasions after 
· Option 4: Only one periodic sensing occasion for one reservation period. The k value is up to UE implementation. Max value for k is (pre-)configured.
· Option 5: k is (pre-)configured, including multiple values
· Option 6: (pre-)configuration of a bitmap, same as in LTE-V
· Option 7: FFS others
· FFS relationship between periodic sensing occasions and SL-DRX
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· Note: companies are encouraged to show performance data for the down selections
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, and 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 5 (assume the bitmap is all “1”s, i.e. 100 ms, 200 ms, …, 1000 ms). 
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[bookmark: _Ref46567214]Figure 5. LTE-V partial sensing (assume bitmap with value all “1”s)
However, NR Rel-16 supports finer-granularity set to cover a broader range of NR periodic traffic types that LTE, 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 (provided by the higher layer parameter sl-ResourceReservePeriodList), and it is impossible to define a common divisor in NR sielink to capture these periodicities for every possible configuration. 
Observation 6: Given the finer-granularity value range of sl-ResourceReservePeriodList as defined in Rel-16, unlike the fixed value, there is no a common divisor for every configuration case.
In addition to the P2V use case, NR sidelink enhancement will also support commercial use cases of which periodicities for periodic reservation will be diverse. There is no justification or SA requirements suggesting that traffic profiles, e.g. periodicity, in Rel-17 needs be less dynamic than that in Rel-16.
Observation 7: There is no justification or SA requirements suggesting that traffic in Rel-17 is any less dynamic than that in Rel-16, and thus using a subset of periodic values as defined in Rel-16 is not motivated.
For the case when partial-sensing RA is configured to share with full-sensing RA (this can also include Rel-16 full-sensing) in the same resource pool, using a subset value range of sl-ResourceReservePeriodList for partial-sensing RA can result in missed detection of reservations with periodic values not belonging to the subset. This causes undesired resource selection collision, and reduces the reliability of both partial-sensing and full-sensing transmissions. Below, in Figure 7, we have evaluated the similar situation of monitoring multiple k values versus a single k value for determination on partial sensing occasions , where power consumption ratio is shown. Based on this, the power reduction ratio of a P-UE would not have significant changes for the case where UE monitors a few additional slots for “1st SCI and 2nd SCI reception only” to cover full sl-ResourceReservePeriodLis compared to where it monitors slots only for a subset of sl-ResourceReservePeriodLis. 
Observation 8: For the resource pool configured to share partial-sensing and full-sensing RA, using a subset of values of sl-ResourceReservePeriodList for partial-sensing RA can result in miss-detection on reservations with periodic values not belonging to the subset.
Proposal 4: Support option 1 for determination on Preserve, i.e. it corresponds to all values from the configured set sl-ResourceReservePeriodList.
In NR sidelink, aperiodic transmission as well as pre-emption 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 integer multiple 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 9: 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 RA performance.
Hence one possible way to enhance NR sidelink is that, in addition to monitoring one partial sensing slot for a given traffic periodicity for a candidate resource in LTE-V, monitoring most recent multiple partial sensing slots per traffic periodicity can be considered. For example, assume the resource pool provides reservation periods  and , and  is set to 2 (, which means most two recent slots for each  and  needs be monitored), that is, for a given candidate slot , the corresponding partial sensing occasions are determined as  for  and , as shown in Figure 6. 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  in case of SCI detection failure at slot, and similarly subject to .
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[bookmark: _Ref51400909]Figure 6. Multiple (most two recent, because k is configured to be {1,2}) partial sensing occasions per priority for a given candidate resource 
On the other hand, in full-sensing scheme in Rel-16, although only one recent slot per periodicity is considered for resource exclusion during sensing and resource selection procedure, the total amount of single-slot candidate resources (initial ) spans the entire sensing window. However, for partial sensing which aims at power saving, a set of Y candidate slots is usually a very small portion of the selection window. That means partial sensing has much less total available resources to be selected than that in full-sensing, which results in partial sensing is not as resilient as in full-sensing in terms of selection of collided resources due to random selection at MAC layer from the reported  by PHY layer. One potential drawback is that monitoring more slots requires power consumption. We evaluate three cases: k = {1}, k = {1,2} and k = {1,2,3} to investigate the impact on power reduction ratio for P-UEs only (baseline is mode 2 full-sensing) over 3s period of time, as shown in Figure 7, with detailed simulation assumptions provided in Appendix Table2.

[bookmark: _Ref68599071]Figure 7 Cumulative average power reduction ratio for P-UE for k = {1}, {1,2} and {1,2,3}
It can be seen that the power reduction ratio by 56% is achieved primarily by going from full sensing to monitoring of a small number of slots for “1st SCI and 2nd SCI reception”, i.e. when k = {1,2,3}. The further removal of one, i.e. k = {1,2} or two, i.e. k = {1}, additional slots only adds around 11% further power reduction each time. That is because the main contributors for power consumption come from data/feedback transmission/reception, particularly for the UE which has traffic with smaller periodicity. It can be further studied how many partial sensing occasions can be monitored per traffic periodicity, i.e. the k values.
Observation 10: A P-UE with a small set of k values, e.g. {1,2} and {1,2,3}  can significantly reduce power consumption over baseline Rel-16 full sensing scheme, and little further power saving is achieved by limiting to k = {1}. This is because power consumption on monitoring additional small number of slots for “1st SCI and 2nd SCI reception” only is substantially small compared to that on data/feedback transmission/reception, particularly for the UE which has smaller periodicity traffic.
Among the identified options on determination of k, the outcome of option 1 and option 4 is same, i.e. only sense 1 slot per periodicity, however, in highly congested/interfered channel condition, particularly in urban scenarios, the higher chance of failure detection on SCI could result in PRR loss. On the other hand, option 2 suggests always sensing the most recent 2 slots, where it does not always produce PRR gain, e.g. when channel is not busy. Option 5 can provide (re-)configuration flexibility on multiple k values to cover option 1, option 2, and option 4, e.g. configuration provides {1} and {1,2}. The main difference among option 3, option 5 and option 6 seems on how to indicate/determine such multiple k values for a given periodicity, e.g. bitmap in option 6,   in option 3. 
Observation 11: The identified options for determination on k, can be classified into whether to have a fixed k value (options 1, 2, 4) or to allow configuration flexibility on the k values (options 3, 5, 6).
Proposal 5: Support option 5 for determination of k, i.e., it is (pre-)configured, including multiple values. FFS how to determine/indicate k values.
[bookmark: _Ref68596628]Contiguous partial sensing
At RAN1#104-e, the following agreement were made:
· In a resource pool (pre-)configured with at least partial sensing, if UE performs contiguous partial sensing and resource (re-)selection is triggered in slot n, support the following option:
· Option 1: For the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB] and performs identification of candidate resources, in or after slot n+TB, based on all available sensing results, including periodic-based partial sensing results (if applicable).
· FFS TA, TB (including the possibility of equal to zero, positive or negative) and remaining details (in particular, whether there should be exclusion of slots, changes in TA/TB values for different purposes, etc.)
· FFS whether n can be replaced by e.g., index of some of Y candidate slots
· FFS condition(s) in which contiguous partial sensing is performed by UE
· FFS interaction with SL-DRX, if any
· FFS interaction with periodic-based partial sensing, if any
· Other options are not precluded 
· Note: This option is not to replace random resource selection only without sensing or re-evaluation and pre-emption checking
In resource allocation mode 2, the purpose of physical layer sensing is to exclude resources from resource selection window so that a UE can select resources for PSCCH/PSSCH transmission apart from the excluded resources. It is noted that sensing procedure for a UE is not relevant to its own traffic types (periodic or aperiodic), because it is to detect resource reservations (periodic and/or aperiodic) from other UEs. In a resource pool, aperiodic traffic cannot be disabled, that is, partial sensing procedure should always include contiguous partial sensing which is used to detect aperiodic reservation by other UEs. 
Proposal 6: For partial sensing RA, contiguous partial sensing shall be always performed to detect aperiodic reservations by other UEs, because a resource pool cannot disallow aperiodic traffic.
For the case that periodic reservation is enabled in the resource pool, the partial sensing RA needs to consider periodic reservation in addition to aperiodic reservation. Hence the design of partial sensing RA, including, e.g. determination candidate slots and partial sensing window/occasions, etc., needs to take into account both periodic and aperiodic reservations. Although the resource (re-)selection is triggered at slot n, in order to perform sensing at partial sensing occasions, the set of Y candidate slots has to be determined in advance rather than at slot n. In this case, for initial selection, the contiguous partial sensing window only needs covering the most relevant 31 slots to the earliest possible selected candidate slot (i.e. ) from the selection window, i.e. irrelevant of slot n, where  represents the time gap between the last sensing slot and the earliest possible selected candidate slot, with, and  as same definition as in Rel-16, which is shown in Figure 8. Given that a SCI can reserve any resource within 31 slots, the contiguous partial sensing window needs 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,  with smaller values , e.g. 1, 2, 3, etc. are also coincidently covered by contiguous partial sensing window which spans 31 slots. That is, the partial sensing occasions are determined as a union set of slots  and a window [, ].
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[bookmark: _Ref47513246]Figure 8. Partial sensing RA for joint consideration on periodic and aperiodic reservations, when periodic reservation is enabled in a resource pool. (a) part of contiguous partial sensing window is before slot n; (b) contiguous partial sensing window is wholly after slot n.
Proposal 7: For partial sensing RA, if a resource pool enables periodic reservation, candidate slots and partial sensing window/occasions should be determined based on both periodic-based partial sensing and contiguous partial sensing.
Proposal 8: When periodic reservation is enabled in a resource pool, the UE monitors slots which are a union set between a range of slots [, ] for contiguous partial sensing and slots  for periodic-based partial sensing, where is the first selected candidate slot in the resource selection window,  and  are as same as in Rel-16.
For the case that periodic reservation is disabled in the resource pool, partial sensing RA only needs to consider contiguous partial sensing. In this case, a UE can perform contiguous partial sensing upon   resource selection trigger at slot n, because sensing before slot n may be useless given that aperiodic traffic is unknown before slot n. Similarly, a SCI can only reserve a resource in advance with indication up to 31 slots. Therefore, the most relevant 31 slots to the earliest possible selected candidate slot (i.e. ) from the selection window are useful to be monitored, and then  can be reported to MAC at slot  based on the partial sensing window, as shown in Figure 9. In addition, given that aperiodic data is not predictable, in order for power saving, a UE does not pre-sense before slot n. Hence the earliest possible sensing slot is .
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[bookmark: _Ref66722097]Figure 9 Partial sensing RA when periodic reservation is disabled in a resource pool. (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 9: When periodic reservation is disabled in a resource pool,  the UE monitors slots between  [, ] for contiguous partial sensing, where  is the first selected candidate slot in the resource selection window,  and  are as same as in Rel-16.
2.3 [bookmark: _Ref47512243]Random selection
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
In LTE-V, different UEs will randomly select resources in the resource pool, within a time interval [n+T1, n+T2], for PSSCH transmission, and thus would very likely result in resource collision. Due to the lack of sensing information, P-UEs performing random selection to determine resources without knowing whether the selected resources are occupied or reserved by other UEs, e.g. the resources (marked with red circles) are collided due to random selection performed by three different UEs as shown in Figure 10. Since a UE will not change selected resource until re-selection counter expires, once a resource is selected by different UEs, of which ongoing PSSCH transmission are with same periodicity, the future reserved resources would be continuously collided. Moreover, it can be foreseen that as the number of random-selecting UEs increases, collisions will become more serious. This kind of continuous collision is not desirable for high QoS and power-efficient service mentioned in [5].
[image: ]
[bookmark: _Ref68194996]Figure 10. random selection would cause selecting overlapping resources among UEs and result in collision
In order to alleviate the collision, a possible direction could be choosing more reliable resources, or excluding unreliable resources, in the resource pool.  Thus, HARQ-ACK information can be considered for random selection enhancement in Rel-17.
We denote two types of NACK information in this case:
· Contiguous NACK: NACK received corresponding to (re)transmission of one TB 
· Non-contiguous NACK: NACKs received corresponding to transmissions of periodic multiple TBs  
Whereas NACKs which are received within one period will result from collisions in differing resources, NACKs across multiple periods result from collisions in the same resources in each period. In the non-contiguous NACKs case, although the collisions could result from either aperiodic or periodic interference, as the number of consecutive periods with collisions grows, the more likely it is that there is a periodic interferer. It would be beneficial to adjust the resource (re-)selection to exclude such resources when the number of consecutive NACKs across periods is too high.
[bookmark: _Ref67744244][bookmark: _Ref67744240][image: ]Figure 11 Consecutive collision for random selection periodic reservation
Proposal 10: When using random selection, reception of NACK across multiple periods of a periodic reservation is a condition for (re-)selecting resources by using exclusion. FFS how many periods are required to trigger (re-)selection.
2.4 Re-evaluation and pre-emption check
At RAN#103-e, the following agreements were 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.
Based on either LTE-V 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, 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. 
Observation 12: 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 11: 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 belongs to a sensing window or partial sensing occasions to determine whether the selected/reserved slots in the future are occupied, and a UE need 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 12: 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.
2.5 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 [5] than that in LTE-V2X. In Rel-17, inter-UE coordination framework is to be specified for reliability and latency enhancement, which can also be considered for power saving. A UE can enter a non-sensing mode to perform no sensing in order for power consumption reduction, whilst use the indicated resources from its coordinating UE for its own PSSCH transmission. We observe the PRR gain of this operation compared to the Rel-16 mode 2 full-sensing RA, where details can be found in our companion paper [18].
Proposal 13: Consider inter-UE coordination for power saving, where a UE can enter  a non-sensing mode for power reduction whilst selecting resources based on indication from its coordinating UEs for reliability enhancement. 
2.6 DRX impact on resource allocation
Given the LS [3] from RAN2 that SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account, the resource allocation design would be impacted. Our discussion on how to reply the LS can be found in [4].
Given the RAN2 agreements in RAN2#113-e
For data reception, RAN2 defines the behaviour for monitoring the SCI reception (i.e., PSCCH and 2nd SCI on PSSCH) during the SL active time for SL DRX. For data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. Sensing aspect is not considered in this agreement.
Given the definition of RAN2, similarly as in Uu DRX, SL DRX is a power saving behavior in terms of monitoring SCI in order for data reception. Hence from a RX UE point of view, the expected data reception should be performed during its own SL active time for a given SL DRX configuration. In this regard, its communicating TX UE needs to ensure that transmitted data should be delivered during the SL active time of the RX UE. 
Proposal 14: When DRX is configured for a given UE, its communicating TX UE should ensure that the transmitted data is delivered during SL active time of the UE according to the DRX configuration. 
Given the nature of distributed sidelink system, a UE is about to transmit SL data to another UE, can also receive SL data from others. That means a UE can, at same time, be configured with SL-DRX configuration(s) intended for power saving from reception perspective, and performs sensing to select resources from transmission perspective. The transmitted data of the UE is intended to be delivered at its targeted RX UE(s), however the time instance upon data is dependent on its communicating TX UE. Thus, for a given UE, there is no timing relationship between its data transmissions and receptions, because its communicating peer(s) can be different with different traffic services.
Observation 13: For a given UE, there is no timing relationship between its data transmissions and receptions, because it’s communicating peer(s) can be different with different traffic services.
From a TX UE point of view, in order to improve the reliability, sensing procedure (either full-sensing or partial sensing) including pre-emption and re-evaluation was introduced for resource selection. The sensing window/occasions and SL inactive time may be partially/completely overlapped subject to traffic profiles and SL-DRX configuration, as shown in Figure 12. In this case, a UE cannot obtain sufficient sensing results if the UE does not monitor any PSCCH during its SL inactive time, which may result in higher probability of resource collision.
[image: ]
[bookmark: _Ref67744026]Figure 12 DRX configuration impact PSCCH monitoring 
Observation 14: Sensing procedure (including pre-emption and re-evaluation check), ether 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 inactive timer of the UE, sensing results would be less reliable, and therefore degrade resource selection performance.
Thus, taken into account reliability as well as power consumption, from both transmission and reception behavior point of view, a UE can perform PSCCH reception during SL inactive time for sensing and resource selection purpose only, e.g. when there are a large number of slots which are supposed to be sensed during SL inactive time, or when the channel is very congested, or when the transmission packet is very important. Otherwise, a UE may select resource for PSCCH/PSSCH transmissions which was reserved by other UEs, due to insufficient number of sensing slots due to DRX configuration. 
Proposal 15: A UE can perform SL reception of PSCCH for sensing during its SL inactive time.
· FFS details on when and/or how.
2.7 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.) subject to QoS requirements. CBR and CR measurements were introduced to reflect the channel congestion and occupation 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. However, a UE needs to perform SL RSSI measurement in all OFDM symbols in a slot for the entire measurement window to obtain CBR result, which may not be feasible to be reused for either reduced-sensing or with DRX configuration. These operations may not require a UE to receive any sidelink channels and signals in some slots within the measurement window for the purpose of power consumption reduction. Hence, CBR measurement needs adaption in Rel-17 to take into account power consumption reduction, e.g. considering measuring fewer of OFDM symbols in a slot or fewer of slots in a CBR measurement window.
Proposal 16: CBR measurement needs adaptation for Rel-17 UE with partial sensing or sidelink DRX configuration, to take into account power consumption reduction.
3 Conclusions
This contribution has provided our view on resource allocation to reduce power consumption with observations and proposals as follows:
Observation 1: 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 2: 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 3: Simply mixing all UEs with different types of RA in the same resource pool 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.
Observation 4: The PRR performance of full-sensing UEs drops when a priority threshold is set too high due to over-populated reduced-sensing UEs and full-sensing simultaneously transmitting PSSCHs resulting in excessive pre-emptions to those full-sensing UEs.
Observation 5: 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 6: Given the finer-granularity value range of sl-ResourceReservePeriodList as defined in Rel-16, unlike the fixed value, there is no a common divisor for every configuration case.
[bookmark: _GoBack]Observation 7: There is no justification or SA requirements suggesting that traffic in Rel-17 is any less dynamic than that in Rel-16, and thus using a subset of periodic values as defined in Rel-16 is not motivated.
Observation 8: For the resource pool configured to share partial-sensing and full-sensing RA, using a subset of values of sl-ResourceReservePeriodList for partial-sensing RA can result in miss-detection on reservations with periodic values not belonging to the subset.
Observation 9: 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 RA performance.
Observation 10: A P-UE with a small set of k values, e.g. {1,2} and {1,2,3}  can significantly reduce power consumption over baseline Rel-16 full sensing scheme, and little further power saving is achieved by limiting to k = {1}. This is because power consumption on monitoring additional small number of slots for “1st SCI and 2nd SCI reception” only is substantially small compared to that on data/feedback transmission/reception, particularly for the UE which has smaller periodicity traffic.
Observation 11: The identified options for determination on k, can be classified into whether to have a fixed k value (options 1, 2, 4) or to allow configuration flexibility on the k values (options 3, 5, 6).
Observation 12: PSCCH monitoring for a UE performing random selection RA is not justified.
Observation 13: For a given UE, there is no timing relationship between its data transmissions and receptions, because it’s communicating peer(s) can be different with different traffic services.
Observation 14: Sensing procedure (including pre-emption and re-evaluation check), ether 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 inactive timer of the UE, sensing results would be less reliable, and therefore degrade resource selection performance.

Proposal 1: 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 2: For partial sensing RA, if a resource pool enables periodic reservation,  periodic-based partial sensing has to be performed.
Proposal 3: On resource selection window, no extra restrictions beyond those in Rel-16 on selection of T1 and T2 values are needed.
Proposal 4: Support option 1 for determination on Preserve, i.e. it corresponds to all values from the configured set sl-ResourceReservePeriodList.
Proposal 5: Support option 5 for determination of k, i.e., it is (pre-)configured, including multiple values. FFS how to determine/indicate k values.
Proposal 6: For partial sensing RA, contiguous partial sensing shall be always performed to detect aperiodic reservations by other UEs, because a resource pool cannot disallow aperiodic traffic.
Proposal 7: For partial sensing RA, if a resource pool enables periodic reservation, candidate slots and partial sensing window/occasions should be determined based on both periodic-based partial sensing and contiguous partial sensing.
Proposal 8: When periodic reservation is enabled in a resource pool, the UE monitors slots which are a union set between a range of slots [, ] for contiguous partial sensing and slots  for periodic-based partial sensing, where is the first selected candidate slot in the resource selection window,  and  are as same as in Rel-16.
Proposal 9: When periodic reservation is disabled in a resource pool,  the UE monitors slots between  [, ] for contiguous partial sensing, where  is the first selected candidate slot in the resource selection window,  and  are as same as in Rel-16.
Proposal 10: When using random selection, reception of NACK across multiple periods of a periodic reservation is a condition for (re-)selecting resources by using exclusion. FFS how many periods are required to trigger (re-)selection.
Proposal 11: No re-evaluation and pre-emption check are needed for a UE performing random selection RA.
Proposal 12: 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 13: Consider inter-UE coordination for power saving, where a UE can enter  a non-sensing mode for power reduction whilst selecting resources based on indication from its coordinating UEs for reliability enhancement. 
Proposal 14: When DRX is configured for a given UE, its communicating TX UE should ensure that the transmitted data is delivered during SL active time of the UE according to the DRX configuration.
Proposal 15: A UE can perform SL reception of PSCCH for sensing during its SL inactive time.
· FFS details on when and/or how.
Proposal 16: CBR measurement needs adaptation for Rel-17 UE with partial sensing or sidelink DRX configuration, to take into account power consumption reduction.

Appendix: Simulation assumptions
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 mixed types of 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.

	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 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.

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.

	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)



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 model
	For P2V:
Periodic: packet size: uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes. 
Inter-packet arrival time = {15, 35, 45, 60, 250, 300}, uniformly assigned to P-UEs (i.e. the periods allowed in the RP)

For V2V:
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 50ms;

	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)



4 References
[1] [bookmark: _Ref521596413][bookmark: _Ref521601297][bookmark: _Ref521596282]RP-202846, “WID revision: NR sidelink enhancement”, LG Electronics, RAN#90e, December 2020.
[2] [bookmark: _Ref46915662]TR 22.885, “Study on LTE support for Vehicle to Everything (V2X) services”
[3] [bookmark: _Ref56697610][bookmark: _Ref59032341]R2-2010961, “LS to RAN1 on SL DRX design”, RAN2, RAN1#112-e, November 2020.
[4] [bookmark: _Ref61514912]R1-2103752, “Discussion on RAN2 LS on DRX impact”, Huawei, HiSilicon, RAN1#104bis-e, April 2021.
[5] [bookmark: _Ref61527421]R1-2009621, “Reply LS on new PQI support for PC5 communication”, RAN1, RAN1#103-e, October, 2020.
[6] [bookmark: _Ref61779060]R1-2102324, “Inter-UE coordination in sidelink resource allocation”, Huawei, HiSilicon, RAN1#104bis-e, April 2021.


image3.png
PRR loss(%)

Eoe R o e N NN
585 &3R8~

o N & o ®

Average PRR loss % for urban-A-aperiodic 1

3 4 5 6 7
Distance index(n)





image4.png
PRR(%)

100

90

80

70

60

50

40

30

20

Average PRR for urban-A-aperiodic 1

case 1
priority threshold 2
priority threshold 3
priority threshold 7

3 4 5 6 7
Distance index(n)





image5.png
PRR loss(%)

24
22
20
18
16
14
12
10

oN & o ®

Average PRR loss % for urban-A-aperiodic 1

priority threshold 2
priority threshold 3
priority threshold 7

3 4 5 6 7
Distance index(n)




image6.png
PRR(%)

100

90

80

70

60

50

40

30

20

Average PRR for urban-A-aperiodic 1

case 1

case 3 (priority threshold = 2)

3 4 5 6
Distance index(n)





image7.png
selection window

=

2*P,
10*Pyy, e =
=

ty-10°Pstep ty.o+Pstep ty2pstep ty-Pstep nn+T; ty n+T,

. partial-sensing slot candidate resource





image8.png
trl'Py o lPy eoe o P D
J [§ . J ( )

[ . e
sensing occasions. sensing occasions sensing occasions sensing occasions a set of Y candidate slots
according to 2*P1 ‘according to P2 according to P1

according to 2°P2




image9.png
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

mk=(123} Wk={1,2} Wk={1}




image10.png
. periodic-based partial-sensing occasions .mmigmms partial sensing

o Il.
[

@)

a setof Yeandidate shots




image11.png
Report of S

Report of S

'
tyn
Ao i
RSN ) S——
a set of Y candidate slots

(a)

031 t0tproco Ty l—,—’

aset of Y candidate slots

(b)




image12.emf
 

n+T

2

n+T

1

n

Resource Selection Window

n+4 n+T

2min

Collision caused by random selection

Resource selected 

by UE1

Resource selected 

by UE2

Resource selected 

by UE3

Resource 

overlapping


image13.emf
 

N

R

1-2

N

R

2-1

N

Period

×

ɭ

contiguous NACK 

information 

R

3-1

N

Period Period

non-contiguous

 3 NACK information 

n n+T

1

n+T

2

R

1-1

Resource selection window


image14.png
DRX ON

.
I
T
| J
I
I
I
[ 2 .
T-10 Totporc0 u et (3] e
ime
8 J L J
¥ Y
sensing selection
window window




image1.png
SL-BWP
=40MHz

RP configured for full-
sensing (V-UE)

Case 1

SL-BWP
=40MHz

Case 2




image2.png
PRR(%)

100

90

80

70

60

50

40

30

20

Average PRR for urban-A-aperiodic 1

case 1
case 2

4 5
Distance index(n)





