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1	Introduction
This paper discusses the interaction between the sidelink DRX procedure and the partial sensing procedure. We focus on the potential overlap between the two features and present our views on the functional split between them and how to avoid duplicated procedures. 
For specific details about the partial sensing procedure refer to [2]. For details about the sidelink DRX procedure, refer to [3].
[bookmark: _Ref178064866]2	On the relationship between partial sensing and DRX
The WID in [1] contains the following objectives on partial sensing and sidelink DRX.
	2. Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The study scope after RAN#90 is to be decided in RAN#90.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after [RAN#89].
3. 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


In this section we discuss the need for TX/RX alignment for partial sensing and sidelink DRX, as well as the implications on resource allocation of using sidelink DRX. We also propose a functional split between partial sensing and sidelink DRX that leverages on the mechanisms provide by each of them and avoid duplicated functionality. Finally, we discuss the possible combinations of both mechanisms.
2.1	Alignment of TX/RX behaviour
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. For a sidelink between UE1 and UE2, there are three cases as described in Table 1.
[bookmark: _Ref51594451]Table 1. Combinations of full reception and partial reception and implications for TX/RX alignment.
	UE1
	UE2
	Comments

	Full reception
	Full reception
	Legacy operation. TX/RX alignment is trivially ensured.

	Full reception
	Partial reception
	Asymmetric case:
· TX/RX alignment is an issue for transmissions from UE1 to UE2. 
· TX/RX alignment is not an issue for transmissions from UE2 to UE1.

	Partial reception
	Partial reception
	Symmetric case:
· TX/RX alignment is an issue for transmissions from UE1 to UE2 and for transmission from UE2 to UE1.


For the symmetric case, it is clearly desirable to have the same partial reception behaviour (e.g., DRX or partial sensing) for both UEs. That is, UE1 should transmit whenever UE2 is actively receiving and at no other point in time, and vice versa.
Note also that TX/RX alignment is one of the WID objectives for SL DRX.
[bookmark: _Toc54272641]The WID objectives on sidelink DRX include specifying a mechanism for aligning the behavior of the different UEs.
2.2	Combining partial sensing and sidelink DRX
2.2.1	Partial sensing
In LTE, partial sensing was introduced for pedestrian UEs. For the basic V2X safety services considered at the time, the assumption was that pedestrian UEs would act only as transmitters. RAN1 did not specify any mechanisms for aligning TX and RX behaviour for partial sensing. The alignment issue was solved with the implicit assumption that RX UEs would perform full sensing and monitor the channel continuously. Although partial sensing in NR may still be used for basic V2X safety services, our view is that it may be suitable for many other use cases too. Thus, the issue of TX and RX alignment must be considered in Rel-17.
On the other hand, TX/RX alignment consist of defining coordinated Active/Inactive times of the UEs. That is, defining assumptions on the times when the UE is (not) expected to monitor the channel, as well as the corresponding mechanism for configuring the UEs. In our view, this is no different from DRX. Moreover, it is desirable not to duplicate functionalities in different layers.
We also observe that when partial sensing is used, the savings essentially come from not using the RX chain. The energy cost of performing the sensing operations once the 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: _Toc54272642]TX/RX alignment is necessary when partial sensing is in use.
[bookmark: _Toc54272643]It is not desirable to have TX/RX alignment mechanisms in different layers.
[bookmark: _Toc54272644]The energy savings in partial sensing are mostly due to not using the RX chain.
[bookmark: _Toc54272636]Partial sensing does not have a separate TX/RX alignment. Instead, SL DRX procedures are used to ensure TX/RX alignment for partial sensing, whenever necessary.
 2.2.2	Sidelink DRX
The Rel-16 specifications require that a UE performs sensing continuously, except for the slots used for transmission. With the introduction of DRX, it is necessary to redefine the behaviour. If sidelink DRX is configured, then it is necessary to define the corresponding sensing assumptions. That is, DRX is characterized by the assumption that the UE is not expected to received control signalling (i.e., PDCCH in Uu, PSCCH/SCI in SL) during the Inactive Time. It is reasonable to assume that a SL UE in Inactive Time will not be performing sensing either. On the other hand, a SL UE is expected to perform sensing while in Active Time.
This difference in behaviour, creates a discontinuity during the transition from Inactive Time to Active Time. The corresponding UE behaviour must be clarified. 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 Figure 1). Alternatively, the UE could be mandated to perform sensing right before the transition to Active Time (see Figure 2). 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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[bookmark: _Ref51581747]Figure 1. Initial sensing is within the Active Time
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[bookmark: _Ref51581883]Figure 2. Initial sensing is outside the Active Time


From the previous discussion, we observe that configuring SL DRX puts Mode-2 UEs in a partial sensing situation. In our view, it is natural to consider the particularities of SL DRX when designing the partial sensing solution.
[bookmark: _Toc54272637]A UE is not expected to perform sensing during the Inactive Time.
[bookmark: _Toc54272638]A UE performs sensing during the Active Time.
[bookmark: _Toc54103973][bookmark: _Toc54121707][bookmark: _Toc54272645][bookmark: _Toc54272646]During the transition between Inactive Time and Active Time, a Mode-2 UE is in a partial sensing situation.
[bookmark: _Toc54272639]The partial sensing solution mechanism to be agreed by RAN1 must address the sensing issues during the transition between Inactive Time and Active Time
2.2.3	Partial sensing + Sidelink DRX
From the preceding discussion, it is clear that when properly designed, partial sensing and sidelink DRX are complementary functions. 
[bookmark: _Toc54272647]Partial sensing and sidelink DRX are designed as complementary features.
We have summarized the different combinations of partial sensing and sidelink DRX in Table 1.
[bookmark: _Ref51585433]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.


[bookmark: _GoBack]In this way, the combination of partial sensing and DRX defines all the necessary behaviours, 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 behaviour should be one of the design goals for the partial sensing procedure.
[bookmark: _Toc54272648]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.
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[bookmark: _Toc54272640]RAN1 to specify a partial sensing procedure that allows for trading off channel access latency against collision error probability for aperiodic transmission during the transition from Inactive Time to Active Time.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	The WID objectives on sidelink DRX include specifying a mechanism for aligning the behavior of the different UEs.
Observation 2	TX/RX alignment is necessary when partial sensing is in use.
Observation 3	It is not desirable to have TX/RX alignment mechanisms in different layers.
Observation 4	The energy savings in partial sensing are mostly due to not using the RX chain.
Observation 5	During the transition between Inactive Time and Active Time, a Mode-2 UE is in a partial sensing situation.
Observation 6	Partial sensing and sidelink DRX are designed as complementary features.
Observation 7	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.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Partial sensing does not have a separate TX/RX alignment. Instead, SL DRX procedures are used to ensure TX/RX alignment for partial sensing, whenever necessary.
Proposal 2	A UE is not expected to perform sensing during the Inactive Time.
Proposal 3	A UE performs sensing during the Active Time.
Proposal 4	The partial sensing solution mechanism to be agreed by RAN1 must address the sensing issues during the transition between Inactive Time and Active Time
Proposal 5	RAN1 to specify a partial sensing procedure that allows for trading off channel access latency against collision error probability for aperiodic transmission during the transition from Inactive Time to Active Time.
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