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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, procedures related to periodic-based and contiguous partial sensing along with their coordination are proposed following the discussions from last RAN1#104-e meeting. Moreover, the aspects that were not concluded for the relationship of partial sensing mechanism and SL DRX procedure is presented along with the potential impact from RAN1 perspective. To finalize, aspects of congestion control that need to be modified to include the partial sensing mechanism are discussed.
2	Partial sensing procedures
In NR SL Rel-17, it has been agreed that a UE performing partial sensing procedure can perform both periodic-based and contiguous partial sensing. Therefore, it is important to define the details of both sensing procedures including their potential coexistence. 
2.1	Periodic partial sensing procedures
First, we define the procedures related to the periodic-based partial sensing occasions. During the discussions in last RAN1 meeting, the following was agreed with respect to the definition of the periodic-based partial sensing occasions and related parameters.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.

The resource selection window is determined after a transmission is triggered at the UE at time n – both for periodic or aperiodic transmissions – and it is defined by the values [n+T1, n+T2]. In our view, there is no need (or relationship) to constraint the potential resources to be selected only to a periodic set of resources even under periodic-based partial sensing and the resource selection window should be defined as in Rel-16 NR V2X. The only limitation that should be defined for the resource selection is whether to take into consideration the SL-DRX configuration and its relationship with the configured Active Time of the UE. This aspect is discussed in Section 2.4 of this contribution.
[bookmark: _Toc68622068]For a UE performing periodic-based partial sensing, the resource selection should be defined as in Rel-16 NR V2X, and therefore, no extra constraint should be defined to confine the potential resources to a periodic set of resources. 
Moreover, during the last RAN1 meeting, the procedure to define the resource selection window in relationship with the periodic-based partial sensing was discussed. In our view, the resource selection window, i.e., the values T1 and T2, has to be defined in the same way as in Rel-16 NR V2X. It was proposed to modify the values T1 and T2 and to include an extra condition for their relationship, i.e., T2-T1 ≤ (pre-)configured threshold, however, this extra constraint is not needed since based on procedure defined following Rel-16 NR V2X specification this is up to UE implementation to be achieved.
[bookmark: _Toc68622078]Follow the same procedure as defined in Rel-16 NR V2X to determine the resource selection window, i.e., the values of T1 and T2 and their relationship, for a UE performing periodic-based partial sensing.
In addition to the triggering conditions and the configuration of the reservation window when the periodic-based partial sensing is performed, other aspect to be considered is to agree on the periodicity values for the periodic-based partial sensing. This aspect was one open issue that was discussed during last RAN1 meeting as described in the following agreement: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 periodic sensing occasions, where a periodic sensing occasion is a set of slots according to  if  is included in the set of Y candidate slots.
· Preserve is a periodicity value from the configured set of possible resource reservation periods allowed in the resource pool (sl-ResourceReservePeriodList). Down select to one:
· Option 1:  Preserve corresponds to all values from the configured set sl-ResourceReservePeriodList
· Option 2:  Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList
· FFS how to determine the subset (e.g., by (pre-)configuration, UE determination)
· Option 3:  Preserve is a common divisor among values in the configured set sl-ResourceReservePeriodList
· Option 4: FFS others
· k is selected according to (down select to one)
· Option 1: Only the most recent sensing occasion for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 2: The two most recent sensing occasions for a given reservation periodicity before the resource (re)selection trigger or the set of Y candidate slots subject to processing time restriction
· Option 3: All possible sensing occasions after 
· Option 4: Only one periodic sensing occasion for one reservation period. The k value is up to UE implementation. Max value for k is (pre-)configured.
· Option 5: k is (pre-)configured, including multiple values
· Option 6: (pre-)configuration of a bitmap, same as in LTE-V
· Option 7: FFS others
· FFS relationship between periodic sensing occasions and SL-DRX
· FFS condition(s) and timing(s) for which periodic-based partial sensing is performed by UE
· Note: companies are encouraged to show performance data for the down selections


In our view, for the first aspect of the periodicity of the partial sensing occasions, i.e., the periodicity between the partial sensing occasions, the most straightforward approach in terms of specification and with regards to achieve a flexible configurability for the different traffic periodicities is to select Option 2 for Preserve. Selecting a subset of values from the values defined for sl-ResourceReservePeriodList allows the UE to have full flexibility with respect to the sensing occasions and cover the different potential traffic patterns.
[bookmark: _Toc68622079]Select Option 2 for the value of Preserve, i.e., Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList, in order to obtain a higher configurability and better performance for different traffic periodicities.
For the selection of the values, i.e., the sub-set of values for Preserve within sl-ResourceReservePeriodList, it is up to UE implementation to select the values. Nevertheless, since the periodic-based and the contiguous partial sensing may coexist within the same resource pool and for a particular transmission, some constraints are needed regarding the total sensing time per period (or transmission) as defined in Section 2.3 of our contribution in order to minimize the power consumption.
The last open issue regarding the periodic-based partial sensing is to determine how many and which ones of the periodic-based sensing occasions are considered when categorizing the resources in the selection window as free or busy. In our view, for the values of k only Option 1 should be considered, since it is aligned with the procedure in current procedure in [TS38.214, 8.1.4] and it incurs in the least complexity and specification impact.
[bookmark: _Toc68622080]For the value of k, Option 1 is selected since it is aligned with the current procedure agreed in Rel-16.
2.2	Contiguous partial sensing mechanism for NR SL
During last RAN1 meeting, there was a discussion regarding the contiguous partial sensing mechanism which is a new procedure when compared to the partial sensing mechanism as defined in LTE. In this case, the contiguous sensing window is more similar to the sensing procedure defined in NR V2X Rel-16 but with a more limited sensing time as defined in Observation 2 of this contribution.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

Therefore, using as guideline the agreement reached in RAN1 meeting, one of the first aspect to consider for the contiguous partial sensing is to determine the conditions when this sensing is performed. In our view, to save UE power and to have a sensing mechanism that is flexible enough to address the varying channel conditions, a UE will trigger the contiguous partial sensing mechanism after receiving an indication from a peer UE, e.g., HARQ-NACK feedback, that the previous transmission was not successful.
[bookmark: _Toc68622081]The contiguous partial sensing procedure is triggered by a UE after receiving an indication from a peer UE, e.g., a HARQ-NACK, that the previous transmission was not successful.
Under this framework a UE which is in power saving mode will perform for an initial transmission without performing any sensing, i.e., the value TA and TB are equal to zero, and after receiving an indication that the sensing time was not enough, i.e., a HARQ-NACK due to a collision, the contiguous partial sensing is triggered.
[bookmark: _Toc68622082]For an initial transmission by a UE in power saving mode, i.e., performing partial sensing, the value of TA and TB are equal to zero.
Regarding the definition of the sensing window, i.e., the definition of the values TA and TB, we propose to have an adaptive procedure which depending on the congestion of the network and/or based on HARQ feedback, adapts the values of TA and TB in order to achieve a trade-off between power consumption and reliability of the transmission, i.e., the capability of avoiding collisions by gathering knowledge through the sensing operation. Therefore, we define this adaptive mechanism in the next sub-section followed by simulation results which highlight the enhancements in reliability and the reduced power consumption of the proposed scheme.
[bookmark: _Toc68622083]The values TA and TB are adaptive and based on the received HARQ feedback by the UE performing the sensing operation.
[bookmark: _Ref67657344]2.2.1	 Adaptive contiguous partial sensing mechanism for NR SL
Since the purpose of sensing is to collect the channel occupancy information and perform resource allocation with the aim of minimizing resource collision, it is important to find the right balance between channel access latency and reliability, which may be affected due to lesser sensing information.
[bookmark: _Toc68622069]The partial sensing mechanism should be designed to consider the trade-off between channel access latency and collision error probability of the data transmission. 
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, reduced sensing can prove to be helpful in reducing the power consumption without affecting significantly 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. Thanks to HARQ feedback, the 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., the values TA and TB. HARQ feedback is already implemented in NR SL Rel-16, and therefore, it is simple to re-use the mechanism for this purpose with a small specification impact. 
One example of the adaptive sensing window for partial sensing using HARQ feedback is given in Figure 3, for low and high load scenarios.
[image: ]
[bookmark: _Ref67655801]Figure 1: Adaptive sensing window procedure for low and high load scenarios.
In the case given in Figure 1, both UEs may 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 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: _Toc68622084]The minimum duration of partial sensing window in NR is (pre-)configured (which can be zero slot) and is used initially by the partial sensing UEs. 
As indicated in the example scenario, the UE modifies the sensing window based on the previous (re-)transmissions and the sensing window can be decreased down to a (pre-)configured minimum value or increased up to a maximum predetermined value (i.e., ) value which is bounded by the PDB of the packet.  
[bookmark: _Toc68622085]The sensing window of a UE performing partial sensing [n+ TA, n+ TB] is adapted based on previous 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 for this adaptive sensing scheme. 
2.2.2		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 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 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 2 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 2: PRR performance for scenarios mixing ‘Full Sensing’ UEs with UEs of a (single) different type.
Figure 3 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: _Toc68622070]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.
[image: ]
[bookmark: _Ref61608169]Figure 3: PRR performance for scenarios with UEs of a single type.
Figure 2 and Figure 3 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: _Toc68622071]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 4. 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). 
[image: ]
[bookmark: _Ref61560661][bookmark: _Hlk67927423]Figure 4: 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: _Toc68622072]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 5 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 5: CDF of the transmission latency for the different sensing procedures. 
[bookmark: _Toc68622073]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: _Toc68622074]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. 
[bookmark: _Ref67657301]2.3	Interaction between periodic and contiguous partial sensing occasions
One of the topics left to be discussed from last RAN1#104-e meeting was the interaction and coordination between the periodic-based and the aperiodic partial sensing occasions. In NR SL Rel-17, the partial sensing operation will be a combination of periodic-based partial sensing, i.e., similar to LTE Rel-14, and it will also include contiguous partial sensing which has an aperiodic nature similar to the one defined in NR Rel-16. 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


Therefore, it is needed to study the interaction and potential coordination between these two sensing occasions. For instance, in the following Figure 6, the periodic-based partial sensing has a periodicity of Tperiod while the contiguous partial sensing occasion is triggered after time instant n. As proposed in Section 2.2.1, the contiguous partial sensing window is adaptive, i.e., the window size (parameters TA and TB) varies depending of certain parameters (received HARQ feedback). However, another aspect to consider when determine the window size of the contiguous sensing window is the periodic-based partial sensing window.
[bookmark: _Toc68622086]The contiguous partial sensing window is adapted based on the periodic-based partial sensing window size.
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[bookmark: _Ref67655921]Figure 6: Examples of coordination between periodic-based and contiguous partial sensing
The main reason to adapt the contiguous partial sensing window with respect to the periodic-based partial sensing window is exemplified in Figure 6. During the first period, the contiguous and the periodic-based partial sensing occasions are coordinated, i.e., they are not overlapping, and both gather useful information for the UE in order to select the candidate resource for transmission. However, as shown in the second and third period, the contiguous and the periodic-based partial sensing are not perfectly coordinated, i.e., there is overlapping of sensing occasions which do not add any more knowledge to the resources and it increases the power consumption. For instance, in the third period the contiguous partial sensing window (marked in blue) can be shortened up to k+TB’ since the periodic-based partial sensing (marked in orange) has already done some sensing during the periodic defined for contiguous partial sensing. Therefore, we propose to have certain alignment when periodic-based partial sensing and contiguous sensing coexist within a certain period or set of periods.
[bookmark: _Toc68622087]Include alignment to 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: _Ref67657214]2.4	Partial sensing and SL-DRX interaction
It is important to clarify upfront that when partial sensing is used, the power savings essentially come from not using the RX chain i.e. the UE is able to turn off the RX circuitry and do not decode any of the sidelink channels. In previous RAN1 contributions, some companies have expressed the view that the power savings from partial sensing mechanism comes from saving the sensing computations. In our view, the energy cost of performing the sensing operation once UE has decoded the control information is negligible. That is, if the RX chain is active, the energy saving obtained by not executing the sensing operations is nominal.
[bookmark: _Toc61884026][bookmark: _Toc68622088]RAN1 assumes that the energy saving in partial sensing comes from the possibility of turning off the RX chain during the time periods when the UE is not sensing.
It is important to clarify the differences and relationship of the partial sensing mechanism to be specified in RAN1 and the SL DRX configuration which is specified in RAN2. In our view, both mechanisms should be defined in a complementary manner, i.e., they need to be aligned in order to optimize the savings on SL UE power consumption. 
[bookmark: _Toc61884048][bookmark: _Toc68622075]Partial sensing and sidelink DRX are designed as complementary features.
The introduction of partial reception procedures (e.g., partial sensing or DRX) that limit the active RX time of UEs requires proper TX/RX alignment. That is, the TX UE must be aware of when the RX UE is (not) active. Based on this alignment between the partial sensing and the SL DRX configuration, in our view, the resource allocation mechanism defined in RAN1 for partial sensing does not provide a separate Tx/Rx alignment. In other words, the Tx/Rx alignment is achieved by using the DRX alignment procedure which is also one of the objectives of the DRX procedure to be specified. 
[bookmark: _Toc68622089]No separate TX/RX alignment procedure is specified in RAN1 for partial sensing. 
As a consequence of the above proposal, when SL DRX is (pre-)configured, the (partial) sensing performed by the UEs is only available during the active time defined by the SL DRX configuration. Similarly, the resource selection window, i.e., the mechanism where a UE selects the resource for the next transmission(s), should also be restricted to the active time periods defined by the SL DRX configuration. We distinguish two (extreme) possibilities:
· The UE is mandated to perform sensing for a fixed time before transmitting. This means that the UE may not be able to transmit during the early portion of the Active Time period due to not having enough sensing results (see Error! Reference source not found.). Alternatively, the UE could be mandated to perform sensing right before the transition to Active Time. However, this would negate part of the gains of using DRX because the battery consumption would be increased. Moreover, it is not reasonable to assume that the UE would be receiving for the purpose of sensing but at the same time be in Inactive Time.
· The UE is not mandated to perform sensing before transmitting. Although this may be acceptable in some cases, it is clearly not desirable as a rule.
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Figure 9. Initial sensing is within the Active Time
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Figure 10. Initial sensing is outside the Active Time



[bookmark: _Toc68622090]The (partial) sensing operation and the resource selection performed by a UE takes into account the active time defined by SL DRX configuration, if (pre-)configured.
We have summarized the different combinations of partial sensing and sidelink DRX in Table 2.

Table 2. Combinations of partial sensing and sidelink DRX
	Partial sensing
	Sidelink DRX
	Applicability and comments

	Not configured
	Not configured
	Legacy behaviour. UEs are always on (full sensing, TX/RX alignment). 

	Configured
	Not configured
	Mode-1: not relevant
Mode-2:
· No TX/RX alignment. 
· Applicable to LTE-like UCs.

	Not configured
	Configured
	Mode-1: applicable
Mode-2:
· SL DRX provides TX/RX alignment
· Rel-16 procedures are not suitable for sensing during the transition between Inactive Time and Active Time.

	Configured
	Configured
	Mode-1: not relevant
Mode-2:
· SL DRX provides TX/RX alignment
· Partial sensing provides a sensing mechanism for transition between Inactive Time and Active Time.


In this way, the combination of partial sensing and DRX defines all the necessary behaviors, without any functional overlaps. In addition, it leaves plenty of room for optimizations in the UE implementations. For example, a UE receiving a high-priority packet in its TX buffer during the Inactive Time may decide to start sensing already before switching to Active Time to improve the channel access latency and collision probability. On the other hand, for a low-priority packet it may prefer to delay sensing until switching to Active Time. In our view allowing for such behavior should be one of the design goals for the partial sensing procedure.
[bookmark: _Toc68622076]For proper operation of SL DRX, it is desirable to have a partial sensing mechanism that allows for transmission with varying number of sensing results.
Therefore, it is needed to include some conditions regarding the interaction of the SL-DRX and both the periodic-based partial sensing and the contiguous partial sensing (as denoted by the FFS points in the previous RAN1 meeting agreements). 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, 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. 
[bookmark: _Toc68622091]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. 
3	Random resource selection scheme
The procedure for random selection in itself is quite simple and does not require much discussion. However, it is important to understand the impact to other UEs and consider measures to minimize performance degradation. We discuss two such measures in this section. In addition, one companion contribution [1] discusses restrictions to shared resource pools, which are also applicable for UEs performing random resource selection.
3.1 	Resource selection/reservation restrictions for random resource selection UEs
Based on the following agreement from 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

Since UEs with different resource allocation mechanism may need to coexist within the same resource pool (shared resource pool), some restrictions/rules need to be applied for the UEs performing random resource selection. 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 sensing operations.
[bookmark: _Toc68622077]Restrictions and rules for the choice of resources are needed for non-sensing UEs/random resource UEs when sharing the resource pool 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 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 11, should select/reserve consecutive resources with a separation/gap large enough so that a sensing UE, e.g., UE1 as shown in Figure 11 , 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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[bookmark: _Ref61879959]Figure 11: Resource re-selection with restrictions in a shared resource pool
[bookmark: _Toc68622092]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.
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[bookmark: _Hlk67560264]4	Conclusion
In the previous sections we made the following observations: 
Observation 1	For a UE performing periodic-based partial sensing, the resource selection should be defined as in Rel-16 NR V2X, and therefore, no extra constraint should be defined to confine the potential resources to a periodic set of resources.
Observation 2	The partial sensing mechanism should be designed to consider the trade-off between channel access latency and collision error probability of the data transmission.
Observation 3	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 4	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 5	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 6	Partial sensing with fixed sensing window is not suitable for low-latency transmissions.
Observation 7	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 8	Partial sensing and sidelink DRX are designed as complementary features.
Observation 9	For proper operation of SL DRX, it is desirable to have a partial sensing mechanism that allows for transmission with varying number of sensing results.
Observation 10	Restrictions and rules for the choice of resources are needed for non-sensing UEs/random resource UEs when sharing the resource pool with sensing UEs, i.e., partial and full sensing UEs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Follow the same procedure as defined in Rel-16 NR V2X to determine the resource selection window, i.e., the values of T1 and T2 and their relationship, for a UE performing periodic-based partial sensing.
Proposal 2	Select Option 2 for the value of Preserve, i.e., Preserve corresponds to a subset of values from the configured set sl-ResourceReservePeriodList, in order to obtain a higher configurability and better performance for different traffic periodicities.
Proposal 3	For the value of k, Option 1 is selected since it is aligned with the current procedure agreed in Rel-16.
Proposal 4	The contiguous partial sensing procedure is triggered by a UE after receiving an indication from a peer UE, e.g., a HARQ-NACK, that the previous transmission was not successful.
Proposal 5	For an initial transmission by a UE in power saving mode, i.e., performing partial sensing, the value of TA and TB are equal to zero.
Proposal 6	The values TA and TB are adaptive and based on the received HARQ feedback by the UE performing the sensing operation.
Proposal 7	The minimum duration of partial sensing window in NR is (pre-)configured (which can be zero slot) and is used initially by the partial sensing UEs.
Proposal 8	The sensing window of a UE performing partial sensing [n+ TA, n+ TB] is adapted based on previous HARQ feedback (ACK or NACK) and can be increased if NACK is received or reduced if ACK is received.
Proposal 9	The contiguous partial sensing window is adapted based on the periodic-based partial sensing window size.
Proposal 10	Include alignment to 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.
Proposal 11	RAN1 assumes that the energy saving in partial sensing comes from the possibility of turning off the RX chain during the time periods when the UE is not sensing.
Proposal 12	No separate TX/RX alignment procedure is specified in RAN1 for partial sensing.
Proposal 13	The (partial) sensing operation and the resource selection performed by a UE takes into account the active time defined by SL DRX configuration, if (pre-)configured.
Proposal 14	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 15	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.
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Appendix – Simulation Assumptions
Table 3 contains the different simulations assumptions used for generating the results presented in this contribution. Other assumptions and models follow TR 37.885 [2] and TR 38.885 [3].
[bookmark: _Ref61607005][bookmark: _Ref61607002]Table 3: Simulation assumptions
	
	Parameter
	Value

	Scenario
	Deployment
	Highway Option A

	
	Number of UEs
	155 (As determined by TR 37.885 [2])

	
	Channel models
	See TR 37.885 [2]

	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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