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Introduction

In R17 WI of NR Sidelink enhancement [1], there are following objectives related to SL DRX mechanisms: 

	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 contribution, we aim at analysis and proposals on SL DRX for groupcast, broadcast and unicast.

Discussion

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;

About DRX parameters, there are three types of parameters in Uu: basic DRX parameters, HARQ related parameters and optional short cycle parameters. The first one is mandatory for all DRX configuration. The second one is only needed in the case of HARQ enabling, which is mandatory for Uu DRX because of always HARQ enabling in Uu. The third one is optional, e.g. short cycle related parameters. Detailed Uu DRX parameters include the followings:

Type 1: basic DRX parameters: (mandatory for Uu DRX)
-
drx-onDurationTimer: the duration at the beginning of a DRX cycle;
-
drx-SlotOffset: the delay before starting the drx-onDurationTimer;

-
drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;

-
drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle starts;

Type 2: HARQ related DRX parameters: (mandatory for Uu DRX)
-
drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;

-
drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;

-
drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;

-
drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;

Type 3: optional short cycle parameters: (optional for Uu DRX)
-
drx-ShortCycle (optional): the Short DRX cycle;

-
drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

In our view, Uu DRX parameters and operations can be baseline for SL DRX and SL DRX will be separately considered for the cases of HARQ enabling and HARQ disabling.
Proposal 3: For SL broadcast, groupcast and unicast, the following DRX parameters can be baseline:

sl-drx-onDurationTimer;
sl-drx-InactivityTimer;
sl-drx-SlotOffset;
sl-drx-LongCycleStartOffset;
Optional for sl-drx-ShortCycle and sl-drx-LongCycleStartOffset.
Proposal 3a: For groupcast/unicast with HARQ enabling, besides for P3, the following DRX parameters can be further supplementary as baseline:

sl-drx-RetransmissionTimerSL;
sl-drx-HARQ-RTT-TimerSL.
SL DRX related procedure 

When a PC5 RX UE is in RRC-Connected mode, it is useful to report its SL DRX pattern to its serving cell 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 1 SL DRX pattern reporting to gNB
Hence, we propose that:

Proposal 4: Connected RX UE can report its SL DRX pattern to its serving cell.

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 2. 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 further studied.
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Figure 2 SL DRX pattern negotiation

We propose:
Proposal 5: RAN2 to further discuss DRX parameters negotiation mechanisms for Unicast.

The last issue of this contribution is about bi-direction DRX configurations. 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 consecutive as far as possible. An example is shown in the following Figure 3.
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Figure 3 Two DRX pattern for a pair of UEs

We propose:
Proposal 6: RAN2 to decide whether alignment or coordination of two DRX patterns in two directions between a pair of UEs is needed.

If an RRC Connected TX UE, who is using mode 1 resource allocation method, has performed DRX parameter negotiation procedure with its RX UE(s), it needs to report its new DRX patterns to its serving cell for better scheduling and alignment between SL DRX and Uu DRX pattern.
Proposal 7: Connected TX UE in mode 1 needs to report its final SL DRX pattern to its serving cell for better scheduling and alignment between SL DRX and Uu DRX pattern.

Conclusion

In this contribution, we give analysis and solutions on SL DRX for groupcast, broadcast and unicast.  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: For SL broadcast, groupcast and unicast, the following DRX parameters can be baseline:

Proposal 4: Connected RX UE can report its SL DRX pattern to its serving cell.

Proposal 5: RAN2 to further discuss DRX parameters negotiation mechanisms for Unicast.

Proposal 6: RAN2 to decide whether alignment or coordination of two DRX patterns in two directions between a pair of UEs is needed.

Proposal 7: Connected TX UE in mode 1 needs to report its final SL DRX pattern to its serving cell for better scheduling and alignment between SL DRX and Uu DRX pattern.
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