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1. Introduction

In the last RAN2 meeting, SL DRX had been discussed and achieved the following agreements:

Agreements on SL DRX: 

1: 
Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.

2:
RAN2 will prioritize normal use case without consideration of relay UE use case in Rel-17.

3:
Support SL DRX for all casting types.

4:
If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.

5:
RAN2 is not going to introduce SL paging and SL PO for SL DRX.

6:
As baseline, for Sidelink DRX for SL unicast, it is proposed to inherit and use timers similar to what are used in Uu DRX. FFS for SL broadcast/groupcast. FFS on detailed timers.

7:
Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.

8:
Support of long DRX cycle for SL unicast should be assumed as a baseline. FFS on the need of short DRX cycle.

9:
Deprioritize SL WUS from RAN2 point of view in Rel-17.

In this contribution, we aim at analysis and proposals on mechanisms to align active time between TX and RX UEs.

2. Discussion

1.1. SL DRX configuration 

DRX is an important feature for UE power saving. In R17 V2X, P-UE will be introduced. Hence SL DRX will be studied to reduce P-UE power consumption not only for unicast but also for groupcast and broadcast.

DRX parameters and operation should be common for a TX UE and its RX UE(s). Hence SL DRX configuration shall be delivered between the TX UE and its RX UE(s). The TX UE usually has more information about service characteristics. It is natural and reasonable that the TX UE decides the initial DRX parameters and sends them to its RX UE(s).

For unicast, PC5 RRC can be used to carry DRX parameters from the TX UE to its RX UE. For groupcast and broadcast, there is no PC5 RRC currently. But for DRX configuration delivery, it may need to introduce groupcast and broadcast signalling, e.g. RRC signalling or MAC CE. From our view, MAC CE is usually not used for configuration delivery and has limited size. Groupcast and broadcast RRC signalling is preferable, e.g. using default SRB configuration and without security. 

Similar to Uu, SL DRX should not be based on service level but based on UE/link level. A pair of source L2 ID and destination L2 ID with one cast type will be identified with one SL link. Hence SL DRX parameters are configured for each pair of source L2 ID and destination L2 ID.
Proposal 1: SL DRX configuration should be sent from the TX UE to its RX UE(s) via PC5 RRC per a pair of source & destination L2 IDs with one cast type.

As in R16 V2X, SL related configuration can be obtained via three methods: dedicated RRC signalling for RRC-Connected TX UE, SIB for RRC-Idle/Inactive TX UE and preconfigured signalling for OOC TX UE.  SL DRX configuration is also a typical SL related configuration. Hence same acquisition method for SL DRX is reasonable.
Proposal 2: Similar to R16 V2X configuration acquisition, SL DRX parameters of TX UE comes from:

· Dedicated RRC signaling for RRC-Connected TX UE;

· SIB for RRC Idle/Inactive TX UE;

· Pre-configuration signaling for OOC TX UE;

1.2. SL DRX alignment 

From the perspective of SL communication scenarios and requirements, there are not only uni-directional services but also bi-directional services. For the uni-directional services, only one DRX pattern needs to be configured between a pair of UEs. But for the bi-directional services, if both two peers are P-UEs, two DRX patterns may need to be configured between a pair of UEs. For example, UE1 and UE2 establish a unicast PC5 RRC connection and transmit bi-directional services with two DRX patterns. It needs to be discussed whether alignment or coordination of these two DRX patterns is needed, e.g. active time of two DRX patterns may avoid collision (e.g. for half duplex issue and reduced UE complexity) and be close as much as possible. An example is shown in the following Figure 1.
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Figure 1 Two DRX pattern for bi-direction between a pair of UEs

In order to align active time between two directions, UE1 and UE2 can negotiate with each other to adjust some DRX parameters, e.g. DRX cycle offset. The baseline negotiation procedure can be:

· Step 1: TX UE 1 firstly sends DRX configuration of UE 1 -> UE 2 direction to RX UE 2. Optionally, there may be some parameters absence, e.g. DRX cycle offset, which means that RX UE 2 can decide these parameters by itself and return to TX UE 1 in the confirmation/complete message;

· Step 2: RX UE 2 may accept all of DRX parameters and send complete message to TX UE 1 for Acknowledgement. 

· Step 2-1: Additionally, UE 2 as a TX role meanwhile can carry the DRX configuration of the other direction, i.e. UE 2 -> UE 1, into the same message or separate message with complete message to UE 1;

· Step 2a: RX UE 2 may send updated DRX parameters, e.g. DRX cycle offset, to TX UE 1 for negotiation purpose. Then TX UE 1 accepts or rejects it. 

· Step 2a-1: Additionally, UE 2 as a TX role meanwhile can carry the DRX configuration of the other direction, i.e. UE 2 -> UE 1, into the same message or separate message with updated message to UE 1;

· Step 3: TX UE2 sends DRX configuration of the other direction, i.e. UE 2 -> UE 1, to RX UE 1, whose parameters are set based on alignment with received DRX parameters from UE 1 of UE 1 -> UE 2 direction;

· Step 4: RX UE 1 may accept all of DRX parameters and send complete message to TX UE 2 for Acknowledgement.

· Note: Step 2-1, step 2a-1 and step 3 will be one out of three. The former two mean interleaved bidirectional DRX configuration procedures. The last one shows serial bidirectional DRX configuration procedure.
We propose:

Proposal 3: RAN2 to consider the above as baseline for SL DRX negotiation procedure between TX and RX UEs.

The second issue is active time overlapping, which causes by DRX active time of one direction extension, e.g. triggered by inactivity timer restarting, into the onDuration period of the other direction. In fact, this overlapping issue is not specific for TX and RX DRX pattern alignment. As long as two directions DRX patterns are configured, active time overlapping issue exists even though the positions of two onDuration are configured far from each other.   
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Figure 2 Active time overlapping between two directions

Due to the half duplex constraint, a UE can only perform one direction during active time overlapping, the following potential prioritization rules can be considered when active time overlapping occurs:

· Compare the highest LCH priority between two direction, the direction with higher priority can be prioritized when overlapped;

· The direction with extended active time will be prioritized;

· The direction with starting active time will be prioritized;

· Negotiation of prioritized direction/rule with each other; 

It can be further studied and compared which rule(s) is reasonable and worth to be selected.
Proposal 4: RAN2 to study and conclude the prioritization rule(s) when active time overlapping between two directions DRX occurs.

Furthermore, a RX UE may communicate with more than one TX UEs or it will also transmit PC5 data, different TX UEs transmission time or its reception/transmission time will need some coordination. For example, a RX UE will have the best power saving performance when all of its data reception from different TX UEs can be as concentrated as possible. The UE1, as a TX UE, has already a configured transmission pattern with its RX UE2, e.g. called RX UE2 DRX pattern = TX UE1 transmission pattern. When the UE1, as a RX UE, wants to receive another UE3’ PC5 data, RX UE1 DRX pattern can be configured. Active time of RX UE1 DRX pattern will avoid collision with the one of RX UE2 DRX pattern if the UE1 has not simultaneous transmission and reception capability. An example is shown in the following Figure 3. In order to achieve the above alignment or collision avoidance, DRX parameters negotiation mechanism between RX UE and TX UE, at least for unicast, may be also considered.
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Figure 3 SL DRX pattern negotiation

This complex scenario can re-use the basic negotiation procedure between a pair of TX/RX UEs to achieve common alignment with multiple links. Each RX UE can suggest some new DRX parameters to its TX UE, e.g. DRX pattern offset. If TX UE accepts it, one negotiation procedure complete. There may be many negotiation procedures to align multiple links. Details can be left to UE implementation.
Proposal 5: Basic TX-RX DRX parameters negotiation procedure is defined per link/destination.

3. Conclusion

In this contribution, we give analysis and solutions on DRX alignment between TX and RX UEs.  Based on the discussion, we have the following proposals:

Proposal 1: SL DRX configuration should be sent from the TX UE to its RX UE(s) via PC5 RRC per a pair of source & destination L2 IDs with one cast type.

Proposal 2: Similar to R16 V2X configuration acquisition, SL DRX parameters of TX UE comes from:

· Dedicated RRC signaling for RRC-Connected TX UE;

· SIB for RRC Idle/Inactive TX UE;

· Pre-configuration signaling for OOC TX UE;

Proposal 3: RAN2 to consider the above as baseline for SL DRX negotiation procedure between TX and RX UEs.

Proposal 4: RAN2 to study and conclude the prioritization rule(s) when active time overlapping between two directions DRX occurs.

Proposal 5: Basic TX-RX DRX parameters negotiation procedure is defined per link/destination.
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