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1	Introduction
In this paper, we discuss the power saving procedures for NR SL which are related to resource allocations schemes, i.e., partial sensing and random resource selection. In this contribution, we discuss the procedures related to periodic-based and contiguous partial sensing along with their potential coordination. Furthermore, some additional aspects related to power saving procedures, such as congestion control for power saving UEs, SL-DRX and interaction between periodic and contiguous partial sensing are highlighted.
2	Partial sensing procedures
2.1	Periodic-based partial sensing procedures
In RAN1#104b-e, the following agreement has been made regarding the periodic sensing occasions which are to be monitored by the UE performing the periodic-based partial sensing. 
Agreements: In periodic-based partial sensing,
o For the set of Preserve values, down-select to one of the following in RAN1#105-e
· Alt.1: Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Alt.2: A set of Preserve values is (pre-)configured and includes up to the full set of values from the configured set sl-ResourceReservePeriodList
· FFS if support multiple sets of Preserve values based on one or more metrics 
· FFS whether/how to restrict the set of values
o For the k value, down-selection to one of the following in RAN1#105-e (further refinement of each of the alternatives is possible)
0. Alt 1: Option 1 as in RAN1#104-e
0. Alt 2: A modified Option 5 as in RAN1#104-e, where the modification is such that it also includes option 1
1. FFS how to (pre-)configure (e.g. including bitmap), whether a maximum number of k values is needed, and whether it can be up to UE implementation to select a k value based on the (pre-)configuration
0. FFS details, e.g., sensing before the resource (re)selection trigger or the first slot of the set of Y candidate slots subject to processing time restriction, etc.
0. Note: companies are encouraged to provide more evaluations 
· FFS if support multiple sets of Preserve values based on one or more metrics 
· FFS whether/how to restrict the set of values
o For the k value, down-selection to one of the following in RAN1#105-e (further refinement of each of the alternatives is possible)
1. Alt 1: Option 1 as in RAN1#104-e
1. Alt 2: A modified Option 5 as in RAN1#104-e, where the modification is such that it also includes option 1
1. FFS how to (pre-)configure (e.g. including bitmap), whether a maximum number of k values is needed, and whether it can be up to UE implementation to select a k value based on the (pre-)configuration
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In our view, for the aspect of the periodicity of the partial sensing occasions, i.e., the periodicity values between the partial sensing occasions, the most straightforward approach is to select Option 1 of the previous agreement which includes all the potential values of the the configured set sl-ResourceReservePeriodList. Selecting all the values from the set defined by sl-ResourceReservePeriodList allows the UE to be able to monitor all the different periodicities and to cover the different potential traffic patterns which can be used by peer UEs.
[bookmark: _Toc71636565]Select Option 1 for the value of Preserve, i.e., Preserve corresponds to all of values from the configured set sl-ResourceReservePeriodList.
One other open issue regarding the periodic-based partial sensing is to determine how many periodic-based sensing occasions are monitored in the past for a certain periodicity value (i.e. value of k as per agreement). In our view, for the values of k only Option 1 should be considered since it provides the UE with sufficient information to perform resource selection. Multiple value of k does not provide more information; however, it reduces the power saving gains. 
[bookmark: _Toc71636566]For the value of k, Option 1 is selected since it provides the sufficient sensing information without compromising on power saving gains.
2.2	Contiguous partial sensing mechanism for NR SL
During last RAN1#104b-e meeting, there was a discussion regarding the contiguous partial sensing mechanism, but no further agreement or conclusion was reached. The contiguous sensing window is more similar to the sensing procedure defined in NR V2X Rel-16 but with a more limited sensing time since the UE is not performing sensing all the time as compared to Rel-16 procedure.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

The contiguous partial sensing operation will be triggered based on an indication from upper layers that an upcoming transmission needs to be performed. Defining the time instant of this indication as n, the UE starts sensing during a period of time defined by the parameter TA and TB, and after performing sensing during some time the resource selection operation is performed (as shown in Figure 1).
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[bookmark: _Ref71265240]Figure 1: Contiguous partial sensing operation performed after time n during [n+TA, n+TB]
[bookmark: _Toc71636579]The UE performs the contiguous partial sensing during a time [n+TA, n+TB] after the time instant n, where n is the time instant when a UE receives a packet to transmit from the higher layer.
However, the sensing procedure which is triggered after the arrival of packet in the buffer consumes part of the PDB of the packet. In other words, the selection window is restricted only between n+TB and n+T2. This may have some adverse effect due to reduction of the selection window (e.g. unavailability of enough resources), especially for latency critical packet. On the other hand, sensing in a congested scenario plays a quite significant role in reducing the collision probabilities and improving the system performance. Therefore, longer sensing should be performed in such scenarios. In contrast, in scenarios with low congestion, a reduced sensing time can prove to be helpful in reducing the power consumption without significantly affecting the collision probability. That is, it is reasonable to use longer sensing times when the chances of collision are higher and reduced ones when the chances are lower. Based on this, we propose the following:
[bookmark: _Toc71636567]The design of the partial sensing mechanism shall consider the trade-off between channel access latency and collision error probability of the data transmission. 
One way of measuring the system performance is, thanks to the received HARQ feedback, based on which a UE can have very accurate information about the likelihood of collision for its own transmissions. In our view, HARQ feedback should be used for adjusting the duration of sensing, i.e., TB-TA. Also, HARQ feedback is already implemented in NR SL Rel-16, and therefore, it is simple to re-use the mechanism for this purpose with small specification impact. One example of the adaptive sensing window for partial sensing using HARQ feedback is given in Figure 2, for low and high load scenarios.
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[bookmark: _Ref71575268]Figure 2: Adaptive sensing window procedure for low and high load scenarios.
In the case given in Figure 2, both UEs start sensing using a short sensing window (or no-sensing at all) which in the case of the high load scenario leads to a collision and the reception of a HARQ NACK in case of feedback-based transmissions. In response, the sensing window for the high load scenario UE (if it is allowed by the given PDB) will be increased for the following (re-)transmissions in order to increase the probability of successful transmission. On the other hand, the low load UE was successful, and the sensing window is not increased.
[bookmark: _Toc71636568]The minimum duration of the partial sensing window in NR is (pre-)configured (which can be zero slot, i.e., TA = TB = 0) and is used initially by the partial sensing UEs. 
As indicated in the example scenario in Figure 2, the UE modifies the sensing window based on the previous (re-)transmissions and the sensing window is increased or decreased.  
[bookmark: _Toc71636569]The sensing window size [n+ TA, n+ TB] of a UE performing partial sensing is adapted based on received HARQ feedback (ACK or NACK) and can be increased if NACK is received or reduced if ACK is received.
In the following section, we present a numerical evaluation showing the power saving gains and the performance improvement in terms of PRR for this adaptive sensing scheme. 
2.2.1		Numerical evaluation
[bookmark: _Toc61429398][bookmark: _Toc61430721][bookmark: _Toc61433522][bookmark: _Toc61433549][bookmark: _Toc61433570][bookmark: _Toc61433586][bookmark: _Toc61433605][bookmark: _Toc61433622][bookmark: _Toc61527538][bookmark: _Toc61557493][bookmark: _Toc61561077][bookmark: _Toc61561111]To understand the relative merits of the different partial sensing procedures, we have analyzed the following alternatives:
· S1 – ‘Full Sensing’. The UE is sensing all the time, following the NR SL Rel-16 procedure.
· S2 – ‘Partial Sensing with fixed initial window size’. 
· The UE starts sensing when it receives a packet and remains sensing until the end of the transmission (e.g., HARQ-ACK is received or the maximum number of transmissions is reached). 
· Scheduling takes place as soon as the UE has sensed 32 consecutive slots. 
· S3 – ‘Partial sensing with adaptive initial window size’. 
· The UE starts sensing when it receives a packet and remains sensing until the end of the transmission (e.g., HARQ-ACK is received or the maximum number of transmissions is reached). 
· Scheduling takes place as soon as the UE has sensed the required number of slots, which varies between 0, 16, and 32 slots. 
· If the packet is transmitted successfully, the UE decreases the sensing window size (e.g., 32 to 16 or 16 to 0). If the packet is not transmitted successfully, the UE increases the sensing window size (e.g., 0 to 16 or 16 to 32). 
· S4 – ‘Partial sensing with zero initial window size’. 
· The UE starts sensing when it receives a packet and until the packet is transmitted (e.g., HARQ-ACK is received or the maximum number of transmissions is reached). 
· Scheduling takes place as soon as the packet is received. That is, the initial scheduling does not use any sensing information. 
· S5 – No sensing. The UE uses random resource allocation without sensing.
Other than the variations described in the preceding bullets, all the alternatives (except ‘No Sensing’) use the NR SL Rel-16 sensing and resource allocation procedures for Mode 2. That is, if sensing results are available, they are used as mandated by the specification; re-evaluation and re-selection are used whenever appropriate; etc. Moreover, other than the variations described in the preceding bullets, the same UE implementation is used for all the alternatives (except ‘No Sensing’) in the evaluations. We have considered two scenarios:
· Scenario 1: A mixture of ‘Full Sensing’ (S1) UEs with UEs of a (single) different type. The simulations include 135 UEs of the former type and 20 UEs of the latter type. For example, when analyzing ‘Partial Sensing with fixed initial window size’ (S2), the scenario consists of 135 ‘Full Sensing’ (S1) UEs and 20 ‘Partial Sensing with fixed initial window size’ (S2) UEs; when analyzing ‘Partial Sensing with adaptive initial window size’ (S3), the scenario consists of 135 ‘Full Sensing’ (S1) UEs and 20 ‘Partial Sensing with adaptive initial window size’ (S3) UEs, etc.
· Scenario 2: 155 UEs of a single type is used in each case.

Figure 3 shows the PRR performance of the resource allocation procedures enumerated above for Scenario 1. We observe that the PRR performance of ‘Full Sensing’ (S1) and that of ‘Partial sensing with adaptive initial window size’ (S3) is essentially identical. That is, carefully reducing the sensing window has no noticeable effects over the PRR performance. In contrast, not using sensing at all substantially degrades the PRR performance. For a given PRR, this degradation means a reduction in range of around 100 m. 
[image: ]
[bookmark: _Ref61608539][bookmark: _Ref61557485]Figure 3: PRR performance for scenarios mixing ‘Full Sensing’ UEs with UEs of a (single) different type.
Figure 4 shows the PRR performance of the resource allocation procedures enumerated above for Scenario 2. The ordering of the different schemes is as one would expect, with more sensing information resulting in better PRR performance.
[bookmark: _Toc71636580]UEs using partial sensing using adaptive sensing window have a system behavior in terms of impact and performance that is like that of full sensing UEs.
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[bookmark: _Ref61608169]Figure 4: PRR performance for scenarios with UEs of a single type.
Figure 3 and Figure 4 do not include the PRR performance of ‘Partial Sensing with fixed initial window size’ (S2). For the PDB used in the simulations (50 ms), it is the same as for ‘Full Sensing’ (S1). As we will see shortly, the main difference is latency. Note, however, that ‘Partial Sensing with fixed initial window size’ (S2) cannot accommodate very urgent transmissions or it must do it by selecting an unnecessarily low value of T2.
[bookmark: _Toc71636581]In terms of standalone performance, partial sensing using adaptive sensing window is closest to full sensing, clearly outperforming partial sensing with zero initial window.
To understand the energy consumption of the proposed scheme, we have studied the time spent on sensing by each of the different procedures. As stated above, ‘Full sensing’ (S1) is active 100% of the time and so, we say, that its relative sensing time is 1. At the other extreme, the relative sensing time of ‘No sensing’ (S5) is 0. It is more interesting to analyze the relative sensing times of the other schemes. The distribution of their relative sensing times is presented in Figure 5. Table 1 includes the corresponding statistics. We observe that 1) the average sensing time for ‘Partial sensing with adaptive initial window size’ (S3) is almost 50% of that for ‘Partial Sensing with fixed initial window size’ S2 and 30% higher than that for ‘Partial sensing with zero initial window size’ (S4). 
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[bookmark: _Ref61560661][bookmark: _Hlk67927423]Figure 5: Relative sensing time for the different sensing procedures. ‘Full Sensing’ (S1) and ‘No Sensing’ (S5) correspond to relative sensing times equal to 1 and 0, respectively.
[bookmark: _Ref61601873]Table 1. Statistics of the relative sensing time for different sensing procedures
	
	Relative sensing time statistics

	Sensing procedure
	Average
	Std. dev.

	‘Full Sensing’ (S1)
	1
	0

	‘PS with fixed initial window size’ (S2)
	0.2725
	0.0219

	‘PS with adaptive initial window size’ (S3)
	0.1523
	0.0175

	‘PS with zero initial window size’ (S4)
	0.1180
	0.0052

	‘No Sensing’ S5
	0
	0



[bookmark: _Toc71636582]The relative sensing time of partial sensing using adaptive sensing window is slightly higher than that of partial sensing using zero initial window, but substantially lower than that of partial sensing using fixed window.
Finally, we compare in Figure 6 the transmission latency of the different schemes in terms of their empirical CDFs. That is, the lapse between the arrival of the packet at the TX UE and the correct reception at each of the RX UEs. As expected, ‘Full Sensing’ (S1), ‘Partial sensing with zero initial window size’ (S4), and ‘No Sensing’ (S5) – not shown in the figure – have the lowest latency. The adaptive sensing window in ‘Partial sensing with adaptive initial window size’ results in a reduced latency for a large fraction of the transmissions. Around 90% of the packets are transmitted in less than 12 ms. Its CDF shows a distinct stepped shape, which is a product of having 3 different sensing window sizes: 0, 16, and 32 slots. Finally, ‘Partial sensing with fixed initial window size’ (S2) requires more than 16 ms (=32 slots) for all transmissions and the 90%-percentile is 24 ms. The shape of the CDF is essentially the same as that for ‘Full Sensing’ (S1) but with an offset of 16 ms (=32 slots).
[image: ]
[bookmark: _Ref61600230]Figure 6: CDF of the transmission latency for the different sensing procedures. 
[bookmark: _Toc71636583]Partial sensing with fixed sensing window is not suitable for low-latency transmissions.
In summary, there is no solution that is superior to all the other ones in all the metrics. In our view, partial sensing with adaptive sensing window is the most balanced compromise. 
[bookmark: _Toc71636584]Partial sensing with adaptive sensing window based on HARQ feedback adjusts its behaviour according to the actual channel conditions, optimizing power consumption of the UE. 
3	Random resource selection scheme
The procedure for random selection is in itself quite simple and does not require much discussion. However, it is important to understand the potential impact to other UEs and consider measures to minimize performance degradation. We discuss measures in this section and provide simulations showing the improvements achieved by our proposals.
3.1	Restrictions on resource reservation for random resource selection UEs
Based on the following agreements from RAN1#103-e and RAN1#104-e, we discuss some of the conditions and restrictions that should be supported for random resource selection operation.Agreements:
· Random resource selection is applicable to both periodic and aperiodic transmissions
· FFS conditions for random resource selection
Agreements:
· Partial sensing based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection


Since UEs with different resource allocation mechanism may need to coexist within the same resource pool, some restrictions/rules need to be applied for the UEs performing random resource selection in order to avoid impacting the performance of the peer UEs. These restrictions are in place to avoid an increase in the number of collisions due to their lack of knowledge of the free/busy resources within the resource pool since they do not/may not perform any sensing operation.
[bookmark: _Toc71636585]Restrictions and rules for the choice of resources are needed for non-sensing UEs, i.e., random resource UEs, in a shared resource pool when coexisting with sensing UEs, i.e., partial and full sensing UEs.
In a shared resource pool, a non-sensing UE performs random resource selection for its initial transmission and potentially reserve up to two other resources using the SCI for re-transmissions or for next transmissions. A random resource selection UE is not able to perform any kind of sensing upon reserving/selection resources, and therefore, it cannot trigger re-evaluation/re-selection or pre-emption of its resources by itself. 
[bookmark: _Toc71636586]A UE performing random resource selection cannot perform re-selection or pre-emption of its resources based on its sensing operation due to the lack of it.
On the other hand, a sensing UE – full or partial sensing UE – can sense the resource(s) reserved by the non-sensing UE in the SCI of the initial transmission, and therefore, act accordingly, e.g., perform re-selection/pre-emption of its reserved resources if a collision is going to happen. However, if the separation/gap between the initial transmission by the non-sensing UE and the successive reservation(s) is not large enough for the sensing UE to decode and perform re-selection/pre-emption, the collision will happen even if the sensing UE could have potentially avoid it. 
In our view, UEs not performing sensing, e.g., UE2 as shown in Figure 7, should select/reserve consecutive resources with a separation/gap large enough so that a sensing UE, e.g., UE1 as shown in Figure 7 , is able to decode the reservation contained in a transmission, identify a potential collision with the transmission in the second resource, and trigger re-evaluation/re-selection or pre-emption.
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Description automatically generated]
[bookmark: _Ref61879959]Figure 7: Resource re-selection with gap restriction in a shared resource pool
[bookmark: _Toc71636570]A non-sensing UE sharing a resource pool with sensing UEs shall select/reserve resources for consecutive transmissions with a separation/gap large enough so that the sensing UE can react accordingly if a collision happens, i.e., trigger resource re-evaluation/re-selection or pre-emption.
[bookmark: _Toc61343706][bookmark: _Toc61343793][bookmark: _Toc61344948][bookmark: _Toc61344949][bookmark: _Toc61344986][bookmark: _Toc46180190][bookmark: _Toc46180211][bookmark: _Toc46180191][bookmark: _Toc46180212][bookmark: _Toc46180192][bookmark: _Toc46180213]3.2	Simulation results introducing a minimum separation between consecutive resources
In the following, we discuss the simulation results based on the previous proposal where we have proposed to include a minimum gap between consecutive transmissions for UE performing random resource operation. In Figure 8, we show the PRR of full sensing and non-sensing UE, i.e., UEs performing random resource selection, in a shared resource pool when different minimum gaps between consecutive resources has been enforced.
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[bookmark: _Ref71523836]Figure 8: PRR for different resource gap between consecutive resource selection with blind re-transmissions
Pair of curves (green and black) with separation by at least 4 slots between consecutive transmissions:
· (Green) FS UEs (50%) - Up to 4 transmissions per TB. Consecutive transmissions spaced by at least 4 slots (to accommodate HARQ time, etc.). HARQ FB is used (ACK/NACK). 
· (Black) NS UEs (50%) - 4 blind transmissions per TB. Consecutive transmissions spaced by at least 4 slots. HARQ FB is not used. 
Pair of curves (yellow and pink) with no enforced separation between consecutive transmissions:
· (Yellow) FS UEs (50%) - Up to 4 transmissions per TB. Consecutive transmissions when HARQ is enabled (i.e., accommodate HARQ time, etc.). HARQ FB is used (ACK/NACK). 
· (Pink) NS UEs (50%) - 4 blind transmissions per TB. Consecutive transmissions in consecutive slots. HARQ FB is not used.
The simulation shows that enforcing a minimum gap – first pair of curves – between consecutive transmissions for random resource selection UEs, e.g., at least 4 slots, provides a better performance than not enforcing any separation and selecting consecutive resources for subsequent transmissions. The reasoning behind the obtained better performance by adding a minimum gap is given by our previous Proposal 6, where full sensing UEs can trigger re-selection/pre-emption of resources, i.e., react to the selection performed by random resource selection UEs, if there is enough separation/time-gap between consecutive resources selected by random resource UEs.
[bookmark: _Toc71636587]Enforcing a minimum gap between consecutive resources by random resource selection UEs in a shared resource pool enhances the PRR performance of the random resource UEs while additionally improving the reliability of sensing UEs, i.e., full or partial sensing UEs.
4	Restrictions in shared resource pools
In RAN1#103-e the following was agreed regarding the coexistence of UEs with different resource allocation mechanisms, i.e., full-sensing, partial sensing and/or random resource selection, within the same resource pool.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 our view, it is important to control the degradation of the system performance, e.g., a potential increase of the number of collisions, when UEs with different sensing times are sharing the same resource pool. For example, random resource selection mechanism is intended for UEs without the SL reception capability or sensing capability, and the blind selection of resources may lead to collisions and a degraded system performance. Similarly, the partial sensing UEs may not get the full channel occupancy information and result in degraded system performance. In order to achieve a proper operation within a shared resource pool, we propose to define a set of restrictions for the different SL UEs in a shared resource pool for transmitting in specific resources in order to avoid/minimize collisions with peer UEs. 
[bookmark: _Toc68617564][bookmark: _Toc71636571]Introduce restrictions to the resources to be used for transmission in shared resource pools to control the degradation of the system when UEs with different resource selection mechanisms coexist.
In order to achieve this reduced number of collisions, we propose to include a flexible separation of the shared resource pool in several sets of time/frequency resources. This separation restricts the set of resources that UEs with different resource allocation mechanisms, i.e., full-sensing UEs, partial sensing UEs and/or random resource selection UEs, can select in order to minimize the collisions with the peer UEs. The shared resource pool can be (pre-)configured with different areas where a specific number of resources can be allocated for each allowed resource allocation mechanism in the shared resource pool.
[bookmark: _Toc68617565][bookmark: _Toc71636572]In a shared resource pool, a separation of resources is (pre-)configured where a specific number of resources are allocated to each resource allocation mechanism allowed in the resource pool.
A full sensing UE, i.e., a UE which is using the resource allocation procedure as defined in NR SL Rel-16, has full awareness of the resource situation in the shared resource pool, and therefore, is able to avoid potential collisions with peer UEs – by means of re-evaluation/re-selection or pre-emption. In this case, there are no limitations to the resources the full sensing UE can select from the shared resource pool. 
However, UEs which use a different resource allocation mechanism such as partial sensing or random resource selection, have a smaller knowledge of the resource pool situation or no knowledge at all for the latter. Therefore, it is important to restrict/reduce the resource(s) that can be selected by these UEs in order to avoid collisions with the peer UEs. 
[bookmark: _Toc68617566][bookmark: _Toc71636573]The set of resources that a UE can select from in a shared resource pool is restricted based on the resource allocation mechanism used by the UE.
[bookmark: _Toc61010371][bookmark: _Toc61010372][bookmark: _Toc61010373][bookmark: _Toc61010374][bookmark: _Toc61010375][bookmark: _Toc61010376][bookmark: _Toc61010377]The set of resources that a UE can select is restricted based on their resource allocation scheme, i.e., a full sensing UE can select resources from the entire shared resource pool denoted as X0; a partial sensing UE is restricted to a set X1 of resources and a random resource selection UE is restricted to X2 resources from the shared resource pool, where X0 > X1 > X2, as shown in Figure 9. The definitions of the sets of resources (in time and/or frequency) is included within the configuration of the shared resource pool, which can be either (pre-)configured for the case of UE which are outside of network coverage or configured by gNB in case the UEs are in network coverage. 
[bookmark: _Toc68617567][bookmark: _Toc71636574]The definition of the set of resources can be (pre-)configured, i.e., out-of-coverage, or configured by the network when in coverage.
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[bookmark: _Ref61884138]Figure 9: Shared resource pool with flexible separation of resources based on resource allocation mechanism
It is important to note, that a full sensing UE can select resources from the entire resource pool but the full sensing UE will select with a higher likelihood resources from the set defined for full sensing UEs only and the same procedure is enabled for the partial sensing UEs and random resource selection UEs. Based on this prioritization mechanism, the potential number of collisions is further reduced.
[bookmark: _Toc68617568][bookmark: _Toc71636575]A UE selects with a higher likelihood resource which are associated exclusively to its resource allocation procedure.
5	Additional considerations for power saving procedures
Due to the shorter TU allocated for the RAN1 meeting in RAN1#105-e, we propose to focus the discussion efforts on the topics from previous sections which are more critical in our view in order to achieve a proper functionality. Nevertheless, we have added our main proposals regarding some other topics which could be relevant in this – or future meetings – including references to our companion paper with more elaborated information.
5.1	Congestion control
The CBR/CR measurement as defined in NR SL Rel-16, requires that the UE is sensing for at least 100 slots or 1000 ms which may in most cases diminish the power reduction obtained by using partial sensing and other power saving schemes. It is therefore necessary for the procedures of power saving UEs, i.e., partial sensing UEs, to adapt the congestion control metrics to the reduced measurement time and/or to the intermittent reception [1].
[bookmark: _Toc67657168][bookmark: _Toc68617570][bookmark: _Toc67657167][bookmark: _Toc68617569][bookmark: _Toc71636576]The congestion control metrics (e.g., CR and CBR) are re-defined to reflect that the RX time may be reduced and/or discontinuous.
[bookmark: _Toc71302190]5.2	Partial sensing and SL-DRX interaction
In our view, it is possible for a UE to perform sensing outside of its SL-DRX configured Active Time and should be left up to UE implementation. There is no detriment for the peer UEs if a UE triggers the sensing based on its own implementation, and therefore, this should be allowed. On the other hand, a UE is mandated to perform the sensing operation, within the Active Time which is determined by the SL-DRX configuration [2].
[bookmark: _Toc71636577]A UE is mandated to perform the sensing operation in the Active Time determined by the SL-DRX configuration. It is up to UE implementation to perform the sensing outside the Active Time.
5.3	Interaction between periodic and contiguous partial sensing
Alignment between the periodic-partial sensing and the contiguous partial sensing – when coexisting – is needed in order to optimize the potential power consumption while keeping a good monitoring of the channel in order to check for potential collisions [2].
[bookmark: _Toc71636578]Include alignment of the contiguous partial sensing when coexisting with the periodic-based partial sensing, e.g., window size of the contiguous partial sensing or triggering time (or slot) of the contiguous sensing.
[bookmark: _Hlk67560264]6	Conclusion
In the previous sections we made the following observations: 
Observation 1	The UE performs the contiguous partial sensing during a time [n+TA, n+TB] after the time instant n, where n is the time instant when a UE receives a packet to transmit from the higher layer.
Observation 2	UEs using partial sensing using adaptive sensing window have a system behavior in terms of impact and performance that is like that of full sensing UEs.
Observation 3	In terms of standalone performance, partial sensing using adaptive sensing window is closest to full sensing, clearly outperforming partial sensing with zero initial window.
Observation 4	The relative sensing time of partial sensing using adaptive sensing window is slightly higher than that of partial sensing using zero initial window, but substantially lower than that of partial sensing using fixed window.
Observation 5	Partial sensing with fixed sensing window is not suitable for low-latency transmissions.
Observation 6	Partial sensing with adaptive sensing window based on HARQ feedback adjusts its behaviour according to the actual channel conditions, optimizing power consumption of the UE.
Observation 7	Restrictions and rules for the choice of resources are needed for non-sensing UEs, i.e., random resource UEs, in a shared resource pool when coexisting with sensing UEs, i.e., partial and full sensing UEs.
Observation 8	A UE performing random resource selection cannot perform re-selection or pre-emption of its resources based on its sensing operation due to the lack of it.
Observation 9	Enforcing a minimum gap between consecutive resources by random resource selection UEs in a shared resource pool enhances the PRR performance of the random resource UEs while additionally improving the reliability of sensing UEs, i.e., full or partial sensing UEs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Select Option 1 for the value of Preserve, i.e., Preserve corresponds to all of values from the configured set sl-ResourceReservePeriodList.
Proposal 2	For the value of k, Option 1 is selected since it provides the sufficient sensing information without compromising on power saving gains.
Proposal 3	The design of the partial sensing mechanism shall consider the trade-off between channel access latency and collision error probability of the data transmission.
Proposal 4	The minimum duration of the partial sensing window in NR is (pre-)configured (which can be zero slot, i.e., TA = TB = 0) and is used initially by the partial sensing UEs.
Proposal 5	The sensing window size [n+ TA, n+ TB] of a UE performing partial sensing is adapted based on received HARQ feedback (ACK or NACK) and can be increased if NACK is received or reduced if ACK is received.
Proposal 6	A non-sensing UE sharing a resource pool with sensing UEs shall select/reserve resources for consecutive transmissions with a separation/gap large enough so that the sensing UE can react accordingly if a collision happens, i.e., trigger resource re-evaluation/re-selection or pre-emption.
Proposal 7	Introduce restrictions to the resources to be used for transmission in shared resource pools to control the degradation of the system when UEs with different resource selection mechanisms coexist.
Proposal 8	In a shared resource pool, a separation of resources is (pre-)configured where a specific number of resources are allocated to each resource allocation mechanism allowed in the resource pool.
Proposal 9	The set of resources that a UE can select from in a shared resource pool is restricted based on the resource allocation mechanism used by the UE.
Proposal 10	The definition of the set of resources can be (pre-)configured, i.e., out-of-coverage, or configured by the network when in coverage.
Proposal 11	A UE selects with a higher likelihood resource which are associated exclusively to its resource allocation procedure.
Proposal 12	The congestion control metrics (e.g., CR and CBR) are re-defined to reflect that the RX time may be reduced and/or discontinuous.
Proposal 13	A UE is mandated to perform the sensing operation in the Active Time determined by the SL-DRX configuration. It is up to UE implementation to perform the sensing outside the Active Time.
Proposal 14	Include alignment of the contiguous partial sensing when coexisting with the periodic-based partial sensing, e.g., window size of the contiguous partial sensing or triggering time (or slot) of the contiguous sensing.
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Appendix – Simulation Assumptions
Table 2 contains the different simulations assumptions used for generating the results presented in this contribution. Other assumptions and models follow TR 37.885 [3] and TR 38.885 [4].
[bookmark: _Ref61607005][bookmark: _Ref61607002]Table 2: Simulation assumptions
	
	Parameter
	Value

	Scenario
	Deployment
	Highway Option A

	
	Number of UEs
	155 (As determined by TR 37.885 [3])

	
	Channel models
	See TR 37.885 [3]

	Traffic
	Model
	Aperiodic medium intensity with fixed packet size 800 bytes

	
	PDB
	50 ms

	
	Cast Mode
	Groupcast Option 2 with group distance = 500 m

	RF
	Carrier frequency
	6 GHz

	
	Bandwidth
	40 MHz

	
	SCS
	30 kHz

	
	Antenna configuration
	2 TX / 2 RX

	Pool configuration
	Sub-channels
	4

	Scheduling
	Max. transmissions per TB
	4

	
	Reservations per SCI
	1

	
	Gap between retransmissions
	2 slots

	
	MCS
	16QAM with CR=1/2

	Sensing
	RSRP threshold
	-80 dBm
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