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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
According to the WID [1] for R17 sidelink enhancement, DRX should be supported. 
	[bookmark: _Ref16006416]Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE


Although the discussion of DRX is led by RAN2, the introduction of DRX incurs some restrictions on reception and/or transmission, which may impact the sensing, resource allocation mechanism, and measurement. In this contribution, we discuss the potential issues related to sidelink DRX.

2. Discussion
1. 
2. 
Scenario
According to the following simulation results on the power consumption of NR sidelink behaviors, sensing procedure is seriously power-consuming for both groupcast and unicast while PSSCH reception also results in significant energy consumption for unicast. It is unrealistic for the power-limited UE to stay ‘always-on’ like the VUE for sensing and PSSCH reception. 
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	[bookmark: _Ref54083623]Figure 1 Power consumption in groupcast
	[bookmark: _Ref54083634]Figure 2 Power consumption in unicast


[bookmark: _Ref54103607]However, it is possible to provide aligned SL DRX cycle(s) for the communicating UEs, e.g., by (pre-)configuring a common DRX cycle in a resource pool or by negotiating a dedicated DRX cycle between a UE-pair to reduce the power of these operations. Specifically, SL DRX may be beneficial in the following cases:
Case1: V2P
In this case, a PUE may enable the DRX mechanism for energy saving purposes, while the VUE shall ensure that packets for V2P services must be transmitted within the DRX on duration of the PUE.
Case2: D2D
D2D critical and D2D commercial communication are in the scope of Rel-17 SL enhancement [1]. In this case, SL DRX can be used to coordinate the transmission/reception occasions between the UEs, to avoid large energy consumption.
[bookmark: _Ref54344035]Observation 1. SL DRX can be considered in V2P and D2D cases.

Potential impact of DRX in RAN1
Misalignment between SL DRX and sensing/partial sensing/resource (re-)selection
In the R16 NR SL resource selection procedure, UE performs sensing continuously in the resource pool. To reduce the energy cost of sensing, partial sensing is introduced in NR SL for power saving purposes. The location of the partial sensing window may be based on the location of the corresponding selection window and a step size Pstep. In other words, the location of partial sensing windows can depend on the packet arrival time which changes from time to time. Further details of the partial sensing solution for NR are discussed in the companion paper [2].
[image: ]
Figure 3 Partial sensing with Pstep=100
A UE may enable sensing and SL DRX simultaneously for further power consumption. However, the DRX on duration is a semi-static period which is determined based on (pre-)configuration or negotiation, which means it cannot dynamically change and may not always be aligned with the sensing/partial sensing window.
[bookmark: _Ref46863226]Observation 2. The location of sensing/partial sensing windows may change depending on the packet arrival time, whereas the SL DRX on duration is semi-statically determined.
[bookmark: _Ref54355871]Proposal 1. DRX and sensing/partial sensing can be enabled simultaneously for further power saving.

Figure 4 shows an example of this issue. As illustrated in Figure 4, part of the sensing window is outside the SL DRX on duration, which means UE is turned off in that part and cannot perform the sensing process.


[bookmark: _Ref54012050][bookmark: _Ref54012046]Figure 4 Mismatched DRX on duration and sensing window
Consequently, there will be a decline of the SCI samples that can be used for resource occupancy assessments, which will degrade the performance of the subsequent resource selection procedure. To be specific, insufficient sensing samples can result in a higher probability of resource collision, thus decreasing the reliability of transmission. If partial sensing is further enabled by the UE, the problem of insufficient samples would further exacerbate, as illustrated in Figure 5.


[bookmark: _Ref46860618]Figure 5 Mismatched DRX on duration and partial sensing window
If TX UE skips the sensing process in the 3rd partial sensing window due to DRX off, it cannot detect the green SCI transmitted by UE2 and cannot know in advance that UE2 has reserved some resources in the selection window. Consequently, TX UE may select a resource (e.g., the yellow one in Figure 6) that conflicts with the resource reserved by the green SCI.


[bookmark: _Ref46863061]Figure 6 Impact on resource selection
Besides, SL DRX has may bring some constraints on resource (re-)selection. In LTE, the position of the partial sensing window is not only dependent on the incoming packet, but also the PUE-determined selection window, and the partial sensing window length is the same as the corresponding selection window. If this design principle is reused in R16, coordinating DRX pattern and partial sensing window means that the UE also needs to adapt to the position and length of the selection window for the DRX pattern. Especially in the D2D scenario, a UE should ensure that the selection window overlaps with the DRX on duration of the peer UE for proper communication.
[bookmark: _Ref54103610][bookmark: _Ref54103603]Observation 3. If the SL DRX mode is not coordinated with the partial sensing/selection window(s), the number of SCI samples considered for resource exclusion may not be sufficient, thus the selected resources may be inappropriate, making the SL service less reliable.
Proposal 2. RAN1 should study the coordination between partial sensing/resource (re-)selection and SL DRX pattern for power saving purposes, e.g., the on duration and sensing/selection window should be aligned or determined by considering DRX pattern.

Impact of SL DRX on measurement and reporting
Besides, the reduction in SCI reception samples due to discontinuous SCI reception durations according to the DRX pattern can also reduce the accuracy of measurements such as CBR/CR, which can adversely affect the congestion control mechanism.
It may also affect the CSI reporting mechanism. In R16, UE requesting a CSI report would send a delay budget to the peer UE, and then monitors CSI reports within the budget. However, if the CSI reporting window is in the DRX off duration, the requesting UE is not able to receive CSI reports properly.
[bookmark: _Ref46841384]To solve the above problem, it should be investigated how the coordination between DRX pattern and partial sensing/resource (re)selection works, e.g., only the partial sensing window within an on duration is valid, and the UE determines the selection window and partial sensing windows according to the position of the DRX on duration. It is also important to consider how to deal with the effect of the off duration on the measurement/reporting, e.g., by measuring or counting RS/subchannel/slot only within the on duration, or by allowing UE to monitor reports in off duration, etc.
[bookmark: _Ref54103611][bookmark: _Ref54103605]Observation 4. Reduction in SCI reception samples due to discontinuous SCI reception durations according to the DRX pattern can also reduce the measurement accuracy and impact the measurement reporting procedure.
[bookmark: _Ref54297014]Proposal 3. RAN1 should study the impact of SL DRX on SL measurement and reporting.

3. Conclusion
In this contribution, we discuss some issues on SL DRX and have the following observation and proposals:
Observation 1. SL DRX can be considered in V2P and D2D cases.
Observation 2. The location of sensing/partial sensing windows may change depending on the packet arrival time, whereas the SL DRX on duration is semi-statically determined.
Observation 3. If the SL DRX mode is not coordinated with the partial sensing/selection window(s), the number of SCI samples considered for resource exclusion may not be sufficient, thus the selected resources may be inappropriate, making the SL service less reliable.
Observation 4. Reduction in SCI reception samples due to discontinuous SCI reception durations according to the DRX pattern can also reduce the measurement accuracy and impact the measurement reporting procedure.
Proposal 1. DRX and sensing/partial sensing can be enabled simultaneously for further power saving.
Proposal 2. RAN1 should study the coordination between partial sensing/resource (re-)selection and SL DRX pattern for power saving purposes, e.g., the on duration and sensing/selection window should be aligned or determined by considering DRX pattern.
Proposal 3. RAN1 should study the impact of SL DRX on SL measurement and reporting.
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Annex A
Table 1 System level simulation assumption
	Parameter
	value

	Deployment
	Urban scenario

	UE type
	Vehicle UE and pedestrian UE

	Communication type
	Groupcast and Unicast

	Carrier frequency
	6GHz

	Bandwidth 
	40MHz

	Subcarrier spacing
	30KHz

	Traffic parameter for Vehicle UE
	Traffic type: Aperiodic traffic
Traffic load: Medium Intensity
Packet arrival interval: 50ms+an exponential random variable with the mean of 50ms
Packet latency requirement: 50ms
Packet size: 200-2000byte

	Traffic parameter for pedestrian UE
	Traffic type: Periodic traffic
Packet arrival interval: 1s
Packet latency requirement: 100ms
Packet size: 300byte

	Power model
	Follow TR 38.840 with modifications discussed in [3]
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Power consumption proportions in unicast
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