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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 of coordination between Uu and SL DRX.

2. Discussion

When a pair of TX and RX UEs configure SL DRX pattern, both two UEs have the possibility of being RRC connected. From RX UE perspective, if its Uu DRX pattern and SL DRX pattern can be aligned, RX UE will have the best power saving performance. From TX UE perspective, if its Uu DRX pattern and SL DTX pattern (which is aligned with SL DRX pattern of RX UE) can be coordinated, TX UE will have the best scheduling performance. An example is shown in the following Figure 1.
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Figure 1 Coordination between Uu and SL DRX for TX and RX UEs

In the next subsections, we will further analyse coordination mechanisms from TX UE and RX UE side respectively.
1.1. RX UE in RRC Connected 

When a PC5 RX UE is in RRC-Connected mode, it is useful to let its serving cell to know its SL DRX pattern since the serving cell can accordingly decide Uu scheduling more efficiently with lower power consumption, e.g. alignment between Uu DRX pattern and SL DRX pattern. For example, the signaling procedure is as followings:
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Figure 2 SL DRX pattern reporting to gNB of RX UE
Although SL DRX is the RX UE power saving requirement, SL DRX parameters cannot be directly decided by RX UE due to lack of detailed QoS information in RX UE side. It is not expected that RX UE wants a long DRX cycle to achieve maximum power saving performance but the QoS of services cannot be guaranteed, e.g. DRX cycle is much larger than PDB of services and user packets will be discarded when PDB expiry before active time arrivals. The basic SL DRX configuration and reporting procedure can be as followings:

· Step 1: TX UE gets SL DRX parameters from its serving cell or pre-configuration;

· If TX UE is in RRC connected mode, it reports SL service and DRX requirement to its serving cell. The serving cell sends the SL configuration including SL DRX parameters to TX UE;

· If TX UE is in RRC idle/inactive, it can obtain SL DRX parameters from SIB information based on its service/QoS flow type;

· If TX UE is OOC, it can obtain SL DRX parameters from pre-configuration message based on its services/QoS flows type;

· Step 2: TX UE sends SL DRX parameters to RX UE and receives complete or updated message via PC5 RRC procedure, which is at least for unicast link and FFS for broadcast and groupcast;

· Step 3: If this RX UE is in RRC connected mode, it should report its SL DRX parameters to its serving cell;

· Other steps: it can be left to the serving cell’s implementation how to use reported SL DRX parameters, e.g. to align Uu DRX pattern or assist Uu scheduling more efficiently.

Hence, we propose that:

Proposal 1: Connected RX UE should report its SL DRX parameters to its serving cell.

Proposal 2: It is left to gNB implementation how to align SL DRX and Uu DRX/scheduling from RX UE side.

In the other scenario that RX UE has been configured with Uu DRX pattern and SL service requirement arrives later, it is a natural way to permit RX UE to adjust received SL DRX parameters from TX UE, e.g. DRX pattern offset, based on its Uu Connected DRX pattern.

Proposal 3: Connected RX UE is permitted to adjust received SL DRX parameters from TX UE, e.g. DRX pattern offset, based on its configured Uu DRX pattern.
1.2. RX UE in RRC Idle/Inactive 

If a RX UE is in RRC Idle/Inactive, there is no Uu Connected DRX and scheduling for RX UE. But Idle/Inactive RX UE has Uu paging and SIB change notification monitoring pattern. 

If RX UE Uu paging and SIB notification pattern can be considered when RX and TX UE negotiates and decides SL DRX parameters, e.g. align the SL DRX pattern with Uu active pattern as much as possible, RX UE can obtain the maximum power saving gain without any overhead.  RX UE is permitted to adjust received SL DRX parameters from TX UE, e.g. DRX pattern offset, based on its Uu monitoring pattern.
Proposal 4: Uu active pattern of Idle/Inactive RX UE, e.g. paging and SIB notification pattern, can be considered when deciding SL DRX parameters.

Proposal 5: Idle/Inactive RX UE is permitted to adjust received SL DRX parameters from TX UE, e.g. DRX pattern offset, based on its Uu monitoring pattern.
1.3. TX UE in RRC Connected 

As we understand, for an RRC connected TX UE, its Uu DRX configuration, Uu scheduling and SL DRX configuration are all under of its gNB control completely. Hence it is just gNB implementation how to coordinate between Uu and SL DRX.

For a TX UE with resource allocation mode 2, Uu operation and SL operation are almost independent. The key point of coordination between Uu and SL will be to have closed active times between SL and Uu to let UE wake up once and complete both Uu monitoring and SL transmission.

For a TX UE with resource allocation mode 1, SL resource should be scheduled via Uu. Besides for the above closed active times between SL and Uu, it should be also considered how to schedule SL resources efficiently with SL and Uu DRX.

Proposal 6: For a connected TX UE, it is left to gNB implementation how to coordinate among Uu DRX, SL DRX and even SL scheduling for a Mode 1 TX UE.
Furthermore, if an RRC Connected TX UE, has performed DRX parameter negotiation procedure with its RX UE(s), e.g. DRX pattern offset updated, it needs to report its new DRX patterns to its serving cell for better scheduling and coordination between SL DRX and Uu DRX pattern.
Proposal 7: Connected TX UE needs to report its new SL DRX parameters to its serving cell after SL negotiation for better scheduling and coordination between SL DRX and Uu DRX parameters.

1.4. TX UE in RRC Idle/Inactive 

If a TX UE is in RRC Idle/Inactive, there is no Uu Connected DRX and scheduling for this UE. But Idle/Inactive TX UE has Uu paging and SIB change notification monitoring pattern. 

If TX UE Uu paging and SIB notification pattern can be considered when TX UE decides SL DRX parameters, e.g. align the SL DRX pattern (i.e. DTX from TX UE side) with Uu active pattern as much as possible, TX UE can obtain the maximum power saving gain without any overhead.  For example, TX UE is permitted to decide SL DRX parameters obtained from SIB, e.g. DRX pattern offset, based on its Uu monitoring pattern.
Proposal 8: Uu active pattern of Idle/Inactive TX UE, e.g. paging and SIB notification pattern, can be considered when deciding SL DRX parameters.

3. Conclusion

In this contribution, we give analysis and solutions on coordination between Uu and SL DRX.  Based on the discussion, we have the following proposals:

Proposal 1: Connected RX UE should report its SL DRX parameters to its serving cell.

Proposal 2: It is left to gNB implementation how to align SL DRX and Uu DRX/scheduling from RX UE side.

Proposal 3: Connected RX UE is permitted to adjust received SL DRX parameters from TX UE, e.g. DRX pattern offset, based on its configured Uu DRX pattern.
Proposal 4: Uu active pattern of Idle/Inactive RX UE, e.g. paging and SIB notification pattern, can be considered when deciding SL DRX parameters.

Proposal 5: Idle/Inactive RX UE is permitted to adjust received SL DRX parameters from TX UE, e.g. DRX pattern offset, based on its Uu monitoring pattern.
Proposal 6: For a connected TX UE, it is left to gNB implementation how to coordinate among Uu DRX, SL DRX and even SL scheduling for a Mode 1 TX UE.
Proposal 7: Connected TX UE needs to report its new SL DRX parameters to its serving cell after SL negotiation for better scheduling and coordination between SL DRX and Uu DRX parameters.

Proposal 8: Uu active pattern of Idle/Inactive TX UE, e.g. paging and SIB notification pattern, can be considered when deciding SL DRX parameters.
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