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Introduction
The following conclusion and agreements were made related to resource allocation for power saving in RAN1#104-e [1].
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection

Conclusion:
· 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
· Note: the same conditions as in RAN1#103-e regarding the context of the discussion of Type A and Type D still apply (also applicable to type B)

Agreements: 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.

Agreements: 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 a set of periodic sensing occasions, where a periodic sensing occasion is a set of slots according to [image: ]
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 equals tois selected according to (down select to one)
· Option 1: Only the most recent sensing occasion within sensing window 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 within sensing window 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

Agreements:
· 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 this contribution, the resource allocation mechanisms on power saving schemes and SL DRX are discussed.
[bookmark: _Ref36559568]Discussion on resource allocation for power saving
Periodic-based partial sensing based Resource Selection
In RAN1 #104-e meeting, the general scheme of periodic-based partial sensing based resource selection was discussed and concluded. The following agreements were achieved:
	Agreements: 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.
Agreements: 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 a set of periodic sensing occasions, where a periodic sensing occasion is a set of slots according to [image: ]
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 equals tois selected according to (down select to one)
· Option 1: Only the most recent sensing occasion within sensing window 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 within sensing window 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



In this section, the following remaining issues are discussed:
(1) Condition(s) and timing(s) of periodic-based partial sensing
(2) Whether or not to introduce a threshold to re-define T1 and T2
(3) Determination of Y candidate slots for periodic transmission
(4) Determination of periodic sensing occasions for periodic transmission
(5) Other solutions to improve reliability

1.1.1 Condition(s) and timing(s) of periodic-based partial sensing
Conditions to trigger periodic-based partial sensing should be further investigated, as well as discussion on conditions of random resource selection.
However, there is one point unclear. For the periodic traffic, when the first packet arrives, based on the agreed general scheme, it is not clear that how to obtain sufficient partial sensing results in advance. There are three solutions as follows.
· Solution 1: When the first packet arrives and there are no sufficient sensing results, MAC entity can perform one-shot transmission for the current packet. UE performs random resource selection or contiguous partial sensing-based resource selection for this transmission, and triggers periodic-based partial sensing for the periodic traffic transmission according to the determined Preserve and k. For the following packets, MAC entity can perform operations for transmitting multiple MAC PDUs according to the periodic-based partial sensing. It can be up to UE implementation in MAC entity.
· Solution 2: UE can drop the first packet transmission and triggers periodic-based partial sensing. For the following packets, resource selection based on periodic-based partial sensing results can be achieved with sufficient sensing results. It can be up to UE implementation in MAC entity.
· Solution 3: The higher layer (e.g. application layer) can predict the upcoming traffic and inform lower layers to trigger periodic-based partial sensing in advance. It can be up to UE implementation in application layer.
From the analysis, all the aforementioned solutions can be up to UE implementation.
Proposal 1: Regarding the issues for periodic-based partial sensing without sufficient sensing results, it can be left up to implementation for performing random resource selection or contiguous partial sensing-based resource selection.

1.1.2 Whether or not to introduce a threshold to re-define T1 and T2
In the current specification, T1 should meet the condition that    and T2 should meet the condition that   remaining PDB (in slots). 
In RAN1#104-e meeting, whether to re-define T1 and T2 was discussed, i.e. whether to (pre-)configure a threshold to restrict T2-T1. Firstly, if necessary, the restriction should be defined for T2 but not T2-T1. Since T1 is only related to start time of resource selection window and PSCCH/PSSCH preparation time, it would not affect the sensing duration. Considering both gain of power saving and impact on performance, since periodic-based partial sensing is adopted for periodic traffic, candidate resources which are mapped to periodic sensing occasions can be included in resource selection window. Therefore, T2 should not exceed the range of periodic sensing, and there is no need to re-define T2 to be no more than a (pre-)configured threshold.
Proposal 2: No need to (pre-)configure a threshold with T2-T1 ≤ (pre-)configured threshold.
· T2 should not exceed periodic partial sensing range and how to determine the value can be up to UE implementation.

1.1.3 Determination of Y candidate slots for periodic transmission
Large intersections in bustling downtown areas, roads around large stadiums, in such scenarios, even if the packets sent by each P-UE are small, may cause congestion due to the large number of concurrent P-UE. Therefore, it is necessary to configure the CBR for P-UE to control channel congestion.
In R16 NR V2X, CBR measured in slot n is defined as the portion of sub-channels in the resource pool whose SL RSSI measured by the UE exceed a (pre-)configured threshold sensed over a CBR measurement window [n-a, n-1], wherein a is equal to 100 or 100•2µ slots, according to higher layer parameter timeWindowSize-CBR. For R17 P-UE, the definition of CBR in R16 maybe need to be updated to adapt to the partial sensing mechanism, because partial sensing may not be able to provide enough slots for the CBR measurement window.
Higher layer will configure a two-dimensional table which is configured transmission parameters mapped by the CBR of the resource pool and the priority of transmission. Eight priorities of transmission are defined, and CBR measurements can be mapped to 16 CBR quantization intervals. When UE sends the packets, according to the priority of its own transmission and the measured CBR value, it chooses the corresponding parameters from the two-dimensional table, and achieves the purpose of congestion control.
Part of the configuration of the transmission parameters of congestion control is the control of the physical transmission parameters, including maximum transmit power, range on number of retransmissions per TB, range of PSSCH sub-channel number and range of MCS, as shown in Figure 1. The other parameter, CR_limit, is used to determine whether the current transfer resource can be sent. If the CR_limit is exceeded the threshold, the current transfer needs to be dropped.


Figure 1: Principle of Congestion Control Mechanism
In partial sensing of LTE-V2X, the minimum number of candidate subframes Ymin  is (pre-)configured per resource pool according to the parameter minnumCandidateSF-R14. The exact value of Y is selected by UE itself with the restriction of minimum number of Ymin. 
In case of congested scenario, the configured minimum number of candidate slots Ymin could be adjusted based on the conditions of channel congestion or priority, etc. As illustrated in Figure 2, when the system channel congestion is below the pre-configured threshold, a smaller value of Ymin can be configured, which can reduce the partial sensing duration and power consumption of UE; when the system channel congestion is above the pre-configured threshold, a larger value of Ymin can be configured, which can improve the reliability of transmission with the cost of performing more sensing. 
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 2: Configurable minimum candidate slots based on channel congestion
 
[bookmark: _Ref61253299]Proposal 3: With the consideration of congestion control of UE with battery constraint, the minimum candidate slots for partial sensing could be configured based on CBR value. 

If a resource pool (pre-)configured with at least partial sensing, and UE performs periodic-based partial sensing, CBR in slot n can be defined as the proportion of the number of sub-channels whose SL-RSSI exceeds the (pre-)configuration threshold in the total number of sub-channels in the resource pool with a CBR measurement window. The CBR measurement window could be M partial sensing occasions or periodic sensing occasions before slot n.
The corresponding bits of the M partial sensing occasions or periodic sensing occasions are configured by bitmap as that in the high-level configuration parameter gapCandidateSensing for partial sensing or periodic sensing.
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Figure 3: Configurable minimum candidate slots based on channel congestion
Proposal 4: If UE performs periodic-based partial sensing, CBR in slot n can be measured by UE in M periodic partial sensing occasions before slot n, M periodic partial sensing occasions could be a subset of the configured partial sensing occasions.

1.1.4 Determination of periodic sensing occasions for periodic transmission
In RAN1 104-e meeting, the following options are discussed for down selecting.
	· 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


It was agreed that the partial sensing scheme is (pre-)configured based on per resource pool, and the determination of periodic sensing occasion is also discussed. For the design of Preserve, several options were discussed as candidates. In LTE-V, the parameter Pstep for periodic partial sensing is set to one value, i.e. 100ms. It is because the potential supported V2X traffic periodicities are all multiple of 100ms, which are [100, 200, …, 1000ms], and few of them are supported in the same resource pool. However, in NR V2X, up to 16 different periodicities from [1, 99] and [0, 100, 200, …, 1000] can be supported for periodic traffic. Furthermore, aperiodic traffics also co-exist in the same resource pool. If only one value of Preserve is used for partial sensing, some of the resource occupation and reservation may not be sufficiently detected by partial sensing scheme, which leads to resource collision and performance degradation.
For option 1, partial sensing can be able to cover all the supported periodic resource reservation information when Preserve corresponds to all the periodicity values. When the configured periodicity values in a resource pool are few, e.g. 4 different periodicities, option 1 can have a good periodic partial sensing expectation. However, there would be too frequent sensing occasions when the number of periodicity values is large, e.g. 16 periodicities. P-UE performing partial sensing has to perform sensing/receptions with very short or none interval, which has obvious loss of power saving gain. Therefore, option 1 can have better performance on both partial sensing and power saving only when the number of configured periodicities in a resource pool is few.
In option 2, Preserve is a subset of the configured periodicities set, and the principle on how to determine the subset should be considered. For example, the configured periodicity values are integer multiple, a greatest common divisor or a least common multiple can be used as Preserve for partial sensing. When the periodicities are multiple but the least common multiple is quite small, e.g. sl-ResourceReservePeriodList of (2, 4, 8, 100, 200, 400), let Preserve equal 2 is too restricted. For this kind of case, the configured set can be divided into several sub-groups, e.g. (2, 4, 8) and (100, 200, 400), 2 and 100 can be selected as the two values of Preserve for partial sensing. For option 2, how to determine the subset can be done by (pre-)configuration and/or UE. UE determination on the subset is preferred, because it allows fully flexibility to UE.
Option 3 can be a special case of option 2, because option 3 is a specific rule of how to determine the Preserve. However, when there are no multiple relations among those periodicities, 1 may be a common divisor that can be selected, which is not desired for partial sensing.
With the analysis above, option 2 is preferred by UE determination on the subset of configured periodicity set. When there are multiple relations among the periodicities, UE can select a/few common divisor(s) as Preserve. When there is no or only some of the periodicities have such multiple relations among the periodicities, it is up to UE to determine whether to keep those non-multiple values in the subset.
Proposal 5: Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList, and it is up to UE to determine a subset.
In RAN1 104-e meeting, the following options are discussed for down selecting.
	· k equals tois selected according to (down select to one)
· Option 1: Only the most recent sensing occasion within sensing window 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 within sensing window 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


The main difference is whether to support more than one recent sensing occasions based on the given reservation periodicity. In the current specification, SCI can only indicate resource reservation for the current TB and the next TB.   SCIs in two or more than two recent occasions cannot indicate resource reservation for current resource selection window. Therefore, even if two or more than two most recent occasions are performed sensing, no performance gain can be obtained. 
[image: ]
Figure 4: Simulation results for one most recent sensing occasion and two most recent sensing occasions
As illustrated in Figure 4, there are two reservation periodicity values of 100ms for V2V traffic and 1000ms for P2V traffic. For power saving UE, bitmap of 1000000001 means supporting one most recent sensing occasions for 100ms periodicity and 1000ms periodicity while 1100000001 means supporting two most recent sensing occasions for 100ms periodicity and one occasion for 1000ms periodicity. Based on the simulation results, no performance gain can be observed when two sensing occasions are supported.
Observation 1: No performance gain can be observed when two sensing occasions are supported.
Proposal 6: 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.

1.1.5 Other solutions to improve reliability
Besides discussed details, other solutions for improve reliability should be considered. 
Backward indication is one effective solution. Because partial sensing is performed for the purpose of power saving, backward indication can provide more periodic resource reservation information by limited sensing results. For instance, if SCI of initial transmission was not decoded successfully and the following re-transmission was decoded, the periodic reservation of initial transmission cannot be indicated. And if backward indication is supported, candidate resource reserved by the initial transmission can be excluded and the potential collision can be avoided. It can bring gain for reliability.  However, considering compatibility issue, backward indication should be supported in Release 16.  Details can be seen in our company's contribution R1-2102589[2]. 
Proposal 7: In order to ensure reliability, backward indication should be supported to provide as more resource reservation information as possible by limited sensing results.

Contiguous partial sensing based Resource Selection
The following agreements were achieved in RAN1#104-e [1], which are related to the aspects of contiguous partial sensing based resource selection:
	Agreements:
· 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 this section, the following issues are discussed:
(1) Available sensing results
(2) Determination of contiguous partial sensing window
(3) Determination of resource selection window
(4) Resource allocation scheme dynamic traffic
(5) Contiguous partial sensing and SL DRX

The main use case for contiguous partial sensing is for aperiodic traffic type. In LTE V2X, partial sensing mechanism is designed considering only for periodic traffic. However, in NR V2X, aperiodic resource reservation is introduced to support aperiodic traffic. Consequently, the aperiodic resource allocation from neighbor UEs just before the selection window may not be detected in advance by the sensing UE according to the LTE partial sensing mechanism. The agreement in RAN1#104-e is meant to solve this issue by introducing a short period of sensing window just before the sensing windows.
As can be seen this use case is highly related to the traffic type the resource pool is intended for. If the targeted traffic type of the resource pool is only for periodic traffic, then perhaps there is no need for configuration of this contiguous short term sensing. Therefore, the resource pool should have the corresponding indication. The supported configuration should include periodic partial sensing, contiguous partial sensing and random selection. 
Proposal 8: Periodic partial sensing, contiguous partial sensing and random selection are configured per resource pool.

1.1.6 Available sensing results
Contiguous partial sensing should be performed when an aperiodic packet arrives. It is discussed that all available sensing results can be used for resource selection. Besides contiguous partial sensing triggered for an arrived packet, the following sensing results should be supported as a part of available sensing results (if applicable):
· Periodic-based partial sensing results
· Sensing results from DRX_on
· Contiguous partial sensing results for another packet transmission
Observation 2: Besides contiguous partial sensing triggered for an arrived packet, the following sensing results should be supported as available sensing results (if applicable):
· Periodic-based partial sensing results
· Sensing results from DRX_on
· Contiguous partial sensing results for another packet transmission

1.1.7 Determination of contiguous partial sensing window
In RAN1#104-e meeting, it is concluded that for the purpose of resource (re-)selection, the UE monitors slots between [n+TA, n+TB]. However, in order to determine TA and TB, the minimum contiguous sensing duration should be defined. It can be (pre-)configured considering at least priority and latency requirements. Considering resource reservation indication range in SCI, contiguous partial sensing before resource selection should not exceed 31 logical slots.
Proposal 9: The minimum contiguous sensing duration which is no more than 31 logical slots should be defined and (pre-)configured at least considering priority and latency requirements.
Considering aforementioned available sensing results, when an aperiodic packet arrives, there would be three cases as illustrated in Figure 5.
	


(a) 

	

(b)
	

(c)


Figure 5: Different cases for available sensing results when an aperiodic packet arrives
For case (a), when an aperiodic packet arrives, UE has no other available sensing results. UE should be triggered to perform sensing in the next slot. When sensing duration is meet the requirement based (pre-)configured contiguous sensing duration (marked by L, in slot), UE can perform resource selection in case (a). In this situation, TA = 1 and n + TB = n + L.
For case (b), when packet arrives, UE have available sensing results more than L. UE can perform resource selection at time n. In this situation, TB =0 and resource selection time is n + TB = n. However, it is no need to determine where TA is.
For case (c), when packet arrives, UE have available sensing results but sensed duration is less than L. UE should keep performing sensing and select resource when sensing duration is equal to L. In this situation, n+ TB = n + L – (|TA |+1). TA depends on the actual sensing starting time, and |TA |+1 means that the UE has performed a contiguous sensing until slot n.
Based on the above analysis, it can be observed that TA depends on the sensing start time but cannot affect resource selection operation. While TB should be defined to determine resource selection time for contiguous partial sensing scheme. If there is no sensing results or no sufficient available sensing results, resource selection time is n+ TB which can be denoted as n + L – M, where M is  (|TA|+1) and L > M. While if there are sufficient available sensing results when packet arrives, resource selection time is n. In this situation, L is equal to or less than M.
Observation 3: TA depends on the actual start time of available sensing results and cannot affect resource selection operation.
Observation 4: TB is the factor to determine resource selection time.
Proposal 10: Define n + TB as the resource selection time for contiguous partial sensing based resource selection.
· If there are sufficient available sensing results when packet arrives, resource selection time is n where TB is equal to 0. 
· If there is no sufficient available sensing results when packet arrives, resource selection time is n + L– M, where L is the (pre-)configured contiguous partial sensing (minimum) duration and M = |TA| + 1.
· TA depends on the actual sensing starting time, and |TA |+1 means that the UE has performed a contiguous sensing until slot n.
· If there is no available sensing results, contiguous partial starts at the next logical slot, i.e. TA = 1.

Proposal 11: Introduce a higher layer parameter to indicate the minimum contiguous partial sensing duration before resource selection.

1.1.8 Determination of resource selection window
T1 and T2 are defined to determine resource window. For contiguous partial sensing scheme, when resource selection start time is determined as n + TB, resource selection window is [n + TB + T1, n + TB + T2]. T1 is related to resource selection start time and PSCCH/PSSCH transmission preparation time and do not need to be modified. Because contiguous partial sensing is one kind of short term sensing, a new restriction should be introduced for T2. As illustrated in Figure 6, because resource reservation in SCI should be indicated within 32 logical slots, if T2 is more than 32 logical slots, no sensing results are useful for indicating reserved resources. Therefore, only candidate resources in the earlier 32 logical slots would be excluded but the later ones cannot be excluded. Then transmission resource would be selected within the non-sensed candidate resource with higher probability, i.e. these resources are nearly randomly selected.

Figure 6: Introducing a new restriction for T2
Another issue for contiguous partial sensing is re-evaluation and pre-emption. Triggering condition of pre-emption depends on the service priority of power saving UE. However, allocation of service priority allocation is not in RAN scope. So triggering condition of pre-emption for power saving UEs is same as that of full sensing UEs.  For re-evaluation, it is introduced for aperiodic traffic to ensure the reliability and it should also be supported. 
On the other side, for power saving UE, in order to achieve power saving gain, there should be some enhancements for re-evaluation and pre-emption. In current specification, the end of checking window is re-evaluation/pre-emption checking time + T2, which should not exceed remaining PDB. For power saving UE, if there is no restriction for checking window, UE may perform re-evaluation/pre-emption until of the PDB, it may lead to extra power consumption. And if the checking window is same as the initial resource selection window of n + TB, both power saving gain and reliability gain can be obtained.
Observation 5: In order to avoid selecting no sensed resources, T2 should not exceed 32 logical slots.
Observation 6: In order to achieve power saving gain, when performing re-evaluation/pre-emption after contiguous partial sensing based resource selection, the end of checking window should be fixed to n + TB + T2.
Furthermore, n + TB is the resource selection time but not the ending time of contiguous partial sensing. Considering performing re-evaluation/pre-emption,  ending time of contiguous partial sensing should be the same as ending time of re-evaluation checking or pre-emption checking, which can be following rules of re-evaluation and pre-emption.
Observation 7: The ending time of contiguous partial sensing should be the same as ending time of re-evaluation/pre-emption checking (i.e. m-T3) which follows the rules of re-evaluation/pre-emption in R16.

1.1.9 Resource allocation schemes for aperiodic traffic
As discussed in the past meetings, for aperiodic traffic, there are four candidate resource allocation schemes as follows:
· Full sensing based resource selection
· Contiguous partial sensing based resource selection with re-evaluation
· T2 is 60 logical slots and re-evaluation checking window is not restricted
· T2 is 32 logical slots and re-evaluation checking window does not exceed n + TB  + T2
· Random resource selection with re-evaluation and/or pre-emption
· Random resource selection without any sensing
Simulation is performed to evaluate PRR performance and power consumption. For contiguous partial sensing based resource selection, both solutions without enhancement and with enhancement for resource selection window and re-evaluation checking window are evaluated. Simulation parameters are illustrated in Annex A. Simulation results for PRR performance are illustrated in Figure 7 and for power consumption are illustrated in Figure 8.
[image: ]
 Figure 7 PRR performance of different resource allocation schemes for aperiodic traffic
 [image: ]
Figure 8: Power consumption CDF of different resource allocation schemes for aperiodic traffic
Table 1: Power consumption of different resource allocation schemes for aperiodic traffic
	Resource allocation schemes
	Power consumption @ 99% CDF

	Full sensing
	584700

	Contiguous partial sensing with T2=60 slots
	102400

	Contiguous partial sensing with T2=32 slots and re-evaluation not exceeding n + TB + T2
	72570

	Random resource selection with re-evaluation and/or pre-emption
	60830

	Random resource selection without any sensing
	37550



Based on the simulation results, it can be observed as follows:
· Full sensing based RA scheme has the best PRR performance
· RA scheme of random resource selection without sensing has the worst PRR performance
· Comparing random selection without sensing:
· No obvious PRR performance gain can be observed for random selection with re-evaluation but power consumption is increased.
· Contiguous partial sensing based RA can obtain PRR performance gain
· Comparing contiguous partial sensing based RA without enhancement:
· PRR performance gain can be observed for enhanced scheme with T2 = 32 logical slots and performing re-evaluation not exceed n + TB + T2. 
· PRR performance of enhanced scheme is similar with that of full sensing based RA. 
· Power saving gain of enhanced scheme can be observed.
· Significant power saving gain can be observed of all the four power saving RA schemes.
Based on simulation results and analysis, there is no need to support random selection with re-evaluation. Comparing with random selection without any sensing, there is no gain but extra power consumption. Enhanced contiguous partial sensing RA can be supported because it can obtain the similar PRR performance with full sensing based RA and achieve almost 30% power saving gain with non-enhanced contiguous partial sensing based RA.
Proposal 12: Support the following two resource allocation schemes for power saving:
· Random resource selection without any sensing.
· Contiguous partial sensing based RA scheme with T2 not exceeding 32 logical slots and re-evaluation/pre-emption checking window not later than n + TB + T2.

1.1.10  Contiguous partial sensing and SL DRX
Another potential use case for contiguous partial sensing is when SL DRX is configured and the UE’s periodic partial sensing is affected by the DRX configuration. DRX active time is a semi-static period that is determined based on (pre-)configuration and inter-UE negotiation, which means it cannot dynamically change and may not always perfectly match with the sensing/partial sensing window. If Tx UE is restricted and can perform sensing only during DRX-on duration, the performance of the partial sensing operation may be degraded. As will be discussed later, it is proposed that sensing operation is allowed in Tx UE’s SL DRX inactive duration without the restriction of its own SL DRX settings, at least there should be such configuration. 
In fact, the interaction between DRX and sensing configuration should be carefully considered for the trade-off between power saving and sensing performance. The case that sensing is not restricted by the DRX configuration can be viewed as a configuration most favorable for sensing performance, while the case that sensing is disabled during DRX inactive duration can be viewed as a configuration most favorable for DRX power saving. For the latter scenario, mitigation approach could be beneficial. Short term contiguous sensing could be one of the candidate solutions. The UE could use the extra sensing results from the short term contiguous sensing after the DRX inactive duration to reduce the collision probability of resource selection. For more flexible trade-off, reduced sensing configurations could be provisioned for DRX inactive duration and enabled with SL DRX.

Proposal 13: Contiguous sensing in the DRX ON duration is beneficial to reduce the collision probability of resource selection caused by muted sensing activity during DRX inactive duration.
Proposal 14: Reduced sensing configuration(s) could be provisioned for DRX inactive duration and enabled with SL DRX.

Random resource selection 
The following agreement was made in RAN1#104-e [1] related to random resource selection:
	Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection


The remaining issue is how to define the triggering/operating conditions for random selection scheme. 
There are several aspects should be considered as follows:
· Conditions for random resource selection
For a UE, whether to use random selection for resource selection can firstly consider the hardware capability of the UE, when the hardware capability of the UE does not support PSCCH reception operation, the UE should use random resource selection. For the UE with the capability of PSCCH reception or resource sensing, the power saving requirement can be considered as a condition for random resource selection. When the UE has a strict requirement on power saving, or the UE’s power is very low, or the UE enters into power saving mode for other reasons, random resource selection can be allowed to choose the sidelink resources. As for the UE without strict requirement on power saving, the channel congestion can be another factor, for example, when the value of CBR is low, the UE can be allowed to do random resource selection to reduce the latency.  Finally, whether or not the UE can use random selection also depends on the resource pool configuration.
Another potential solution is to use (pre-)configured minimum contiguous sensing duration which is discussed in section 2.2.2. If UE determines the minimum contiguous sensing duration is 0 based on CBR, it means random resource selection scheme can be allowed. This condition can be independently and co-exist with aforementioned conditions.
Proposal 15: The UE capability, requirement on power saving, resource pool configuration, congestion condition (as indicated by CBR etc.) and (pre-)configured minimum contiguous partial sensing duration can be the criteria  for random resource selection.
It is also noted that details of periodic-based partial sensing and contiguous partial sensing will be discussed in the upcoming RAN1#104b-e meeting. It is important to consider the criteria for random resource selection with other considerations such as coexistence of different power saving resource selection schemes. As a result, the decision for conditions of random resource selection should be further investigated.
Proposal 16: Conditions of random selection scheme should be further investigated after schemes of periodic-based partial sensing and contiguous partial sensing are determined, considering the following aspects:
· Coexistence of different resource selection schemes.
· Congestion level
· (Pre-)configured minimum contiguous partial sensing duration 
· When determined value of pre-configured minimum contiguous partial sensing duration is 0, UE can be allowed to select random resource selection scheme.

· Periodically collision due to periodic transmission with random resource selection
The agreement above from RAN1#104-e support random resource selection applying to periodic transmission, one possible scenario shows in the figure below, is that a UE may collide with other UE periodically due to the random resource selection without sensing. If the UE do not have the capability of PSCCH or PSFCH reception, it can do nothing about the periodically collision. For the UE with reception or sensing capability, for instance, the type B UE which is able to receive PSFCH, could recognize whether the periodically collision happened according to the feedback information, and reduce the collision occasions by reselecting the resources.

[image: ]
Figure 9: Periodically collision due to periodic transmission with random resource selection

Proposal 17: The UE with reception capability of PSFCH can reselect the resource according to the HARQ feedback information to reduce periodically collision occasions.

Coexistence of different RA mechanisms in same resource pool
The following agreements were achieved in RAN1#103-e [3], which is related to configuration of Tx resource pool for sidelink mode 2:

	Agreements:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.


In LTE-V2X, resource selection mechanism of P-UE is resource pool specific configured by IE SL-P2X-ResourceSelectionConfig-r14. This IE can configure at least one of the resource selection mechanisms from partial sensing and random selection. From specification perspective, any combinations of configuration of full sensing, partial sensing and random selection for a resource pool have been supported in Rel-14 LTE-V2X.
In NR Sidelink enhancement, coexistence of full sensing, periodic-based partial sensing, contiguous partial sensing and random resource selection should be considered.
In our company's contribution R1-2100351[4] in RAN1 #104-e meeting, coexistence of full sensing, periodic-based partial sensing and random resource selection were discussed and evaluated. It can be observed in R1-2100351[4] that there is no significant performance loss for coexistence of periodic-based partial sensing and full sensing and coexistence of random resource selection and full sensing. However, because the details of periodic-based partial sensing and the schemes of contiguous partial sensing are not concluded, coexistence of periodic-based partial sensing, contiguous partial sensing and random resource selection should be further studied. 
Proposal 18: Coexistence of periodic-based partial sensing, contiguous partial sensing and random resource selection should be further studied after schemes of periodic-based partial sensing and contiguous partial sensing are determined.

Discussion on the impact of SL DRX
Discontinuous reception (DRX) is a common power saving mechanism in Uu interface. When DRX mechanism is enabled, UE monitors PDCCH during the DRX on-duration and switches to sleep mode during the DRX off-duration. Considering the power saving requirements of some sidelink UEs, such as pedestrians, e-bikes, e-motorcycles and other devices with battery constraint, the WID [5] for R17 sidelink enhancement decided to introduce SL DRX.
	Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE


 
Although DRX is mainly discussed by RAN2, RAN1 still needs to consider the potential impact of the introduction of SL DRX on sensing and resource selection. 
The impact of SL DRX on partial sensing
In RAN2 #112-e meeting, the following working assumption on sidelink DRX has been made. An LS on SL DRX design was sent to RAN1 [6], and RAN1 was asked to provide feedback on the consideration of the working assumption.
	Working assumption: 
· SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.



From the perspective of RAN1, if the motivation of this working assumption is to restrict Tx UE to performing sensing only during DRX on-duration, it may degrade the performance of the partial sensing operation in mode-2. With such working assumption, Tx UE should either give up the sensing occasions which fall into the DRX off-duration or configure the DRX cycle to be exactly aligned with the minimum configured resource reservation periods for partial sensing. However, the former may cause a loss of resource selection performance due to insufficient sensing results, and the latter may prolong the DRX on-duration, leading to increased power consumption. The details can be found in our contribution [7]. We propose that sensing operation is allowed in Tx UE’s SL DRX inactive time without the restriction of its own SL DRX configuration.
Proposal 19: Reply LS to RAN2.
· From RAN1’s perspective, sensing operation is allowed in SL DRX inactive time without the restriction of its own SL DRX configuration. And RAN1 respectfully asks RAN2 to take the information into account.

[bookmark: OLE_LINK65][bookmark: OLE_LINK66]In RAN1 #104-e meeting, the following agreements were achieved [1]:
	Agreements: 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.



For P2P communication with power saving requirements on both transmitting and receiving UE, Tx UE can perform partial sensing-based resource selection while Rx UE can enable SL-DRX, in order to reduce power consumption. In this case, it is necessary to consider the relationship between the candidate resources selected by Tx UE and the DRX active time of Rx UE, such as the running duration of drx-onDurationTimer, drx-InactivityTimer or drx-RetransmissionTimer. If Tx UE does not consider the DRX configuration of Rx UE when determining Y candidate slots and performing resource selection, the transmission resources selected by the Tx UE may correspond to the DRX inactive time of the Rx UE. Due to the fact that the Rx UE is in a sleep state and cannot perform data reception during the DRX inactive time, packet loss inevitably occurs, which leads to the decrease of the reliability of P2P communication.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Therefore, when Tx UE performs partial sensing-based resource selection, DRX configuration of Rx UE needs to be considered by Tx UE to ensure that the selected resources for the initial transmission and retransmission(s) can be within the DRX active time of Rx UE, so that the Rx UE can receive the corresponding packets.
Proposal 20: For P2P communication, the candidate resources selected by Tx UE need to be within the DRX active time of Rx UE.
The impact of SL DRX on resource selection
Different from the NR Uu interface, Sidelink UE performs autonomous resource selection according to the channel sensing results. If the resources selected by the Tx UE fail to align with the DRX on-duration of the Rx UE, as shown in Figure 10, packet loss may occur. Thus, it is necessary to consider the impact of DRX parameters on the UE's resource selection when introducing the DRX mechanism into NR Sidelink enhancement.


Figure 10: Misalignment between resource selection window and DRX on duration 

Observation 8: Misalignment between resource selection window and DRX on-duration may result in packet loss.
Proposal 21: The DRX parameters of the Rx UE need to be considered by Tx UE when the Tx UE performs resource selection.
In R17 NR Sidelink design, the requirements of applications such as V2X and D2D, including public safety and commercial use cases, need to be considered. SL DRX is a way to save the power consumption in these applications, and is especially beneficial for V2P and D2D scenarios where the receivers are UEs with battery constraint. Since the transmitters need to perform sensing and resource selection according to the DRX configuration, it is important to know the relevant DRX parameters in advance. In the V2P or D2D broadcast scenario, vehicles, vulnerable road users (VRUs) or D2D equipment can obtain a UE-common DRX configuration from the network. While in the groupcast or unicast scenario, intra-group UE-common or UE-specific DRX configurations can be indicated by the Tx UE.
Proposal 22: In the V2P/D2D broadcast scenario, a UE-common DRX configuration can be pre-configured or configured by the network. In the V2P/D2D groupcast or unicast scenario, intra-group UE-common or UE-specific DRX configurations can be indicated by the Tx UE.
In the case that the Tx UE has already got the DRX configuration of Rx UE(s) by means of such as network configuration or pre-configuration, the Tx UE can performs resource selection based on the DRX parameters of the Rx UE to avoid the misalignment between resource selection window and DRX on-duration. The following two schemes of selection window configuration may have benefits for the packet transmission. The first scheme is to have the resource selection window fully aligned with DRX on-duration of the Rx UE, that is, all the transmissions of a TB must be performed during the DRX on-duration. With the same DRX configuration, this scheme can maximize the power saving effect of the Rx UE, but it can also cause channel congestion to a certain extent. To decrease the channel congestion, another scheme is to ensure that at least the initial transmission can be made during DRX on-duration. In this case, Rx UE(s) can start Inactivity timer or wake up at specific slots as indicated by the initial SCI for the reception of additional retransmission. But it may also cause additional power consumption.
In the following, the system-level evaluation results of baseline and two schemes of resource selection and DRX are provided:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Baseline: Tx UE performs sensing and resource selection without any DRX-related restrictions, while Rx UE is DRX disabled.
Scheme 1: All the transmissions of a TB, including initial transmission and retransmissions, must be made during DRX on-duration of the Rx UE.
Scheme 2: Only the initial transmission of a TB must be made during DRX on-duration of the Rx UE.
The examples of the above baseline and two schemes are illustrated in the Figure 11.
	


	(a) Baseline: DRX disable

	


	(b) Scheme 1: All the transmissions are made during DRX on-duration

	


	(c) Scheme 2: Only the initial transmission is made during DRX on-duration


Figure 11: The baseline and two schemes of resource selection and DRX
The following comparative analysis of the above baseline and two schemes is provided with the system-level simulation results in the city broadcast scenarios, where 50% vehicle UEs transmit V2P periodic packets and the other 50% transmit V2V periodic packets as background interference.  The calculation of PRR and power consumption are according to TR 37.885 [8]and the agreements of RAN1 [9]. The detailed system-level simulation assumptions are summarized in Annex B.
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Figure 12: The PRR of power saving UE reception for V2P broadcast services in 60km/h urban scenario 
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Figure 13: The power consumption of power saving UE reception for V2P broadcast services in 60km/h urban scenario
As shown in Figure 12, better PRR performance can be achieved when Rx UE is DRX disabled and Tx UE performs resource selection without DRX-related restrictions. For scheme 1 and scheme 2, DRX cycle is configured as 100ms, while the DRX on-duration in each DRX cycle is configured as 20ms or 15ms and starts at slot 0, i.e. DRX slot offset is 0. It is obviously that restricting the resource selection window to be fully aligned with DRX on-duration of the Rx UE will significantly decrease PRR due to channel congestion. Comparing to scheme 1, scheme 2 only restricts the initial transmission of a TB must be made during DRX on-duration, thus alleviating the channel congestion and improving the PRR performance by nearly 5%. 
[bookmark: _GoBack]It can be noted that PRR performance of scheme 2 is also better than that of the baseline when the distance between Tx UE and Rx UE is longer than 150m. This phenomenon can be explained as that due to the restriction of scheme 2 that the initial transmission needs to be made during the DRX on-duration; the interference during the DRX off-duration is relaxed compared with that of the baseline where the interference is evenly distributed. For UEs that are near to the Tx UE, resource sensing is effective. The Tx UE can avoid resource collision based on the sensing result. For UEs that are relative far away from the Tx UE, the resource selection mechanism is close to random selection since the RSRP threshold has been raised to a relatively high value. In this case, the performance is directly related to the interference in the resource pool. Therefore, when there is a relatively long distance between the Tx UE and the Rx UE, the performance of scheme 2 will be better than the baseline.
Figure 13 shows the CDF diagram of the power consumption of the abovementioned baseline and two schemes of resource selection and DRX. Compared with the baseline, scheme 1 and scheme 2 which use the SL DRX mechanism achieved a power saving gain of up to 80%. For scheme 1, the power consumption of all PUEs is the same because all PUEs have the same wake-up time, i.e. during DRX on-duration. For scheme 2, since the PUE has additional wake-up time in addition to the DRX on-duration, the power consumption of all PUEs is greater than that of scheme 1 under the same DRX configuration. When the DRX on-duration of scheme 2 is configured shorter than that of scheme 1, such as 15ms, the average power consumption of PUE can be reduced to 3.9, which is significantly lower than that of scheme 1.
As can be seen from the above simulation results, scheme 2 can improve the power saving performance of PUEs by shortening the DRX on-duration, while reducing the loss of PRR performance. Thus, when the Rx UE is DRX enabled, ensuring that at least the initial transmission of a TB can be made during DRX on-duration of the Rx UE can achieve a trade-off between PRR and power consumption.
Observation 9: Comparing with scheme that the resource selection window for all the transmissions are restricted to be fully aligned with DRX on-duration of the Rx UE, the scheme that only initial transmission is transmitted during the DRX on-duration of Rx UE can archive better PRR performance. 
Proposal 23: When the Rx UE is DRX enabled, Tx UE should ensure that at least the initial transmission can be made during DRX on-duration of the Rx UE to achieve a trade-off between Packet Reception Ratio (PRR) and power consumption. 

[bookmark: _Ref36559580]Conclusion
In this contribution, issues and enhancements of resource allocation for power saving and SL DRX are discussed. Observations and proposals are given as follows:
Proposal 1: Regarding the issues for periodic-based partial sensing without sufficient sensing results, it can be left up to implementation for performing random resource selection or contiguous partial sensing-based resource selection.

Proposal 2: No need to (pre-)configure a threshold with T2-T1 ≤ (pre-)configured threshold.
· T2 should not exceed periodic partial sensing range and how to determine the value can be up to UE implementation.
Proposal 3: With the consideration of congestion control of UE with battery constraint, the minimum candidate slots for partial sensing could be configured based on CBR value. 
Proposal 4: If UE performs periodic-based partial sensing, CBR in slot n can be measured by UE in M periodic partial sensing occasions before slot n, M periodic partial sensing occasions could be a subset of the configured partial sensing occasions.

Proposal 5: Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList, and it is up to UE to determine a subset.
Observation 1: No performance gain can be observed when two sensing occasions are supported.
Proposal 6: 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.
Proposal 7: In order to ensure reliability, backward indication should be supported to provide as more resource reservation information as possible by limited sensing results.
Proposal 8: Periodic partial sensing, contiguous partial sensing and random selection are configured per resource pool.
Observation 2: Besides contiguous partial sensing triggered for an arrived packet, the following sensing results should be supported as available sensing results (if applicable):
· Periodic-based partial sensing results
· Sensing results from DRX_on
· Contiguous partial sensing results for another packet transmission
Proposal 9: The minimum contiguous sensing duration which is no more than 31 logical slots should be defined and (pre-)configured at least considering priority and latency requirements.
Observation 3: TA depends on the actual start time of available sensing results and cannot affect resource selection operation.
Observation 4: TB is the factor to determine resource selection time.
Proposal 10: Define n + TB as the resource selection time for contiguous partial sensing based resource selection.
· If there are sufficient available sensing results when packet arrives, resource selection time is n where TB is equal to 0. 
· If there is no sufficient available sensing results when packet arrives, resource selection time is n + L– M, where L is the (pre-)configured contiguous partial sensing (minimum) duration and M = |TA| + 1.
· TA depends on the actual sensing starting time, and |TA |+1 means that the UE has performed a contiguous sensing until slot n.
· If there is no available sensing results, contiguous partial starts at the next logical slot, i.e. TA = 1.

Proposal 11: Introduce a higher layer parameter to indicate the minimum contiguous partial sensing duration before resource selection.
Observation 5: In order to avoid selecting no sensed resources, T2 should not exceed 32 logical slots.
Observation 6: In order to achieve power saving gain, when performing re-evaluation of pre-emption after contiguous partial sensing based resource selection, the end of checking window should be fixed to n + TB + T2.
Observation 7: The ending time of contiguous partial sensing should be the same as the ending time of re-evaluation/pre-emption checking (i.e. m-T3) which follows the rules of re-evaluation/pre-emption in R16.
Proposal 12: Support the following two resource allocation schemes for power saving:
· Random resource selection without any sensing.
· Contiguous partial sensing based RA scheme with T2 not exceeding 32 logical slots and re-evaluation/pre-emption checking window not later than n + TB + T2.
Proposal 13: Contiguous sensing in the DRX ON duration is beneficial to reduce the collision probability of resource selection caused by muted sensing activity during DRX inactive duration.
Proposal 14: Reduced sensing configuration(s) could be provisioned for DRX inactive duration and enabled with SL DRX.
Proposal 15: The UE capability, requirement on power saving, resource pool configuration, congestion condition ( as indicated by CBR etc. ) and (pre-)configured minimum contiguous partial sensing duration can be the criteria  for random resource selection.
Proposal 16: Conditions of random selection scheme should be further investigated after schemes of periodic-based partial sensing and contiguous partial sensing are determined, considering the following aspects:
· Coexistence of different resource selection schemes.
· Congestion level
· (Pre-)configured minimum contiguous partial sensing duration 
· When determined value of pre-configured minimum contiguous partial sensing duration is 0, UE are allowed to select random resource selection scheme.
Proposal 17: The UE with reception capability of PSFCH can reselect the resource according to the HARQ feedback information to reduce periodically collision occasions.
Proposal 18: Coexistence of periodic-based partial sensing, contiguous partial sensing and random resource selection should be further studied after schemes of periodic-based partial sensing and contiguous partial sensing are determined.
Proposal 19: Reply LS to RAN2.
· From RAN1’s perspective, sensing operation is allowed in SL DRX inactive time without the restriction of its own SL DRX configuration. And RAN1 respectfully asks RAN2 to take the information into account.
Proposal 20: For P2P communication, the candidate resources selected by Tx UE need to be within the DRX active time of Rx UE.
Observation 8: Misalignment between resource selection window and DRX on-duration may result in packet loss.
Proposal 21: The DRX parameters of the Rx UE need to be considered by Tx UE when the Tx UE performs resource selection.
Proposal 22: In the V2P/D2D broadcast scenario, a UE-common DRX configuration can be pre-configured or configured by the network. In the V2P/D2D groupcast or unicast scenario, intra-group UE-common or UE-specific DRX configurations can be indicated by the Tx UE.
Observation 9: Comparing with scheme that the resource selection window for all the transmissions are restricted to be fully aligned with DRX on-duration of the Rx UE, the scheme that only initial transmission is transmitted during the DRX on-duration of Rx UE can archive better PRR performance. 
Proposal 23: When the Rx UE is DRX enabled, Tx UE should ensure that at least the initial transmission can be made during DRX on-duration of the Rx UE to achieve a trade-off between Packet Reception Ratio (PRR) and power consumption. 
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Annex A: System Level Evaluation Assumptions for SL power saving
	Parameter
	Value

	Deployment scenario
	City scenario with Vehicles and Pedestrians
· Vehicle UEs
-	Vehicle type distribution: 100% vehicle type 2.
-	Vehicle speed is 60 km/h in all the lanes.
· Pedestrians are generated in sidewalk as defined in TR36.885[10]

	Channel model
	Sidelink: Urban-LOS & Urban NLOS[8]

	Spectrum allocation
	Carrier frequency: 6 GHz 
Simulated Bandwidth:40 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	· P2V
· Periodical traffic
Option 1: Traffic model for P-UE's transmission specified in TS 36.885
· The message size is fixed at 300 bytes and transmission frequency is 1 Hz
· ‘100ms’ latency requirement
· Aperiodic traffic
Option 4: Aperiodic Model 1 specified in TR37.885 with following changes:
· Inter-packet arrival time: 250 ms + an exponential random variable with the mean of 250 ms
· Packet size: Uniformly random in the range between 200 bytes and 800 bytes with the quantization step of 200 bytes
· Latency requirement: 250 ms or 100 ms
· V2V
· 50% Vehicle UEs transmit periodic packets. 
Model 2 (medium traffic intensity)[8]
· Inter-packet arrival time: 100 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 50 ms
· 50% Vehicle UEs transmit aperiodic packets. 
Model 1 (medium traffic intensity)[8]
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Packet size: Uniformly random in the range between 400 bytes and 2000 bytes with the quantization step of 400 bytes
· Latency requirement: 50 ms

	SCI/Data frequency resource allocation and Tx parameters
	· PSCCH: 10 PRB, 3 OS, QPSK
· PSSCH:
· 20 PRB for 300 Bytes P2V periodic packets, 16QAM
· 10 PRB per 200Bytes P2V aperiodic packets, 16QAM
· 30 PRB for 800 Bytes and 1200 Bytes V2V periodic packets, 16QAM
· 10 PRB per 400 Bytes for V2V aperiodic packets, 16QAM

	TX number per TB
	· 3

	Channel coding 
	PSCCH: Polar code
PSSCH: LDPC

	Antenna configuration 
	(Tx, Rx) = (2, 4) 

	Power saving mechanism
	· Power saving UE(Pedestrian UE)
· Periodic traffic
· Periodically partial sensing with performing re-evaluation
· Aperiodic traffic
· Full sensing with performing re-evaluation
· Contiguous partial sensing(31 logical slots before resource selection) with performing re-evaluation
· T2 is 60 logical slots and re-evaluation checking window is not restricted
· T2 is 32 logical slots and re-evaluation checking window does not exceed n + TB  + T2
· Random selection with performing re-evaluation
· Random selection without sensing and Re-evaluation
· Vehicle UE
· Full sensing with performing Re-evaluation

	Performance metric
	· PRR
· Power consumption



Annex B: System Level Evaluation Assumptions for SL DRX
	Parameter
	Value

	Deployment scenario
	City:  Option A scenario[8]
· Vehicle speed = 60 km/h

	Channel model
	Sidelink: Urban-LOS & Urban NLOS[8]

	Spectrum allocation
	Carrier frequency: 6 GHz 
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	V2V
	· 50% Vehicle UEs transmit packets
· Periodic: Model 2 (medium traffic intensity)[8] 
· Inter-packet arrival time: 100 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 50 ms

	
	V2P
	· 50% Vehicle UEs transmit packets
· Option 7: Periodic Model 2 specified in TR 37.885 with following change:[8]
· Inter-packet arrival time: 500ms
· Latency requirement: 100 ms

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB, 3 OS
· PSSCH: 30 PRB for packet size of 800 and 1200 Bytes

	Data Packet Tx parameters
	Periodic variable packet size evaluations: 
· 800 Byte packet: 16-QAM, 1 TTI (CR = 0.444)
· 1200 Byte packet: 16-QAM, 1 TTI (CR = 0.667)

	Channel coding 
	PSCCH: Polar code
PSSCH: LDPC

	Antenna configuration 
	(Tx, Rx) = (2, 4) 

	Transmission number per TB
	· 3

	DRX configuration
	· Power saving UE (Pedestrian UE)
· DRX cycle: 100ms
· DRX slot offset: 0
· DRX on-duration: 
· Scheme 1: 20ms
· Scheme 2: 15ms or 20ms
· All pedestrians use the same DRX configuration
· Vehicle UE
· DRX disabled
· V2P UEs were informed of PUE’s DRX configuration in advance

	Performance metric
	· PRR
· Power consumption
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