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1. Introduction

The newest WID[1] had been agreed in RAN#90e for study on NR sidelink enhancement, which has the following objectives: 

	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.

· This work should consider the impact of sidelink DRX, if any.

· Study the feasibility and benefit of solution(s) on 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(s) if deemed feasible and beneficial [RAN1, RAN2]

· Inter-UE coordination with the following.

· 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 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 contribution, we would like to discuss the impact on resource allocation mode-1 if we introduce Uu/sidelink DRX. In brief, for mode-1, the network may schedule the UE with sidelink transmission or retransmission, which should consider the sidelink DRX configuration. And if the gNB configure Uu DRX, it may have further impact on scheduling sidelink communication.

2. Discussion

2.1 Mode-1 scheduling and Uu DRX configuration 

1. Mode-1 scheduling affected by SL DRX

First let’s discuss the mode-1 scheduling when considering the sidelink DRX is introduced. Basically, the gNB just schedule the TX UE for transmission and retransmission, and if we follow the legacy mechanism for DRX, it is actually a feature for the receiver, i.e. in Uu the UE does not monitor PDCCH when it is in DRX-off duration. 

However, the TX UE needs to transmit signalling or data in DRX-on duration of the RX UE, otherwise the transmission will not be received correctly as the RX UE does not monitor the control/data channel when it is in DRX-off. Therefore, when the gNB schedule the TX UE in mode-1 for transmission and retransmission, it should consider the DRX pattern of the RX UE, in order to make the transmission or retransmission correctly received. For an mode-1 TX UE, as its Uu DRX configuration, Uu scheduling and SL DRX configuration are all under of its gNB control completely, this can be done by gNB implementation. And if a mode-1 TX UE has performed e.g. 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 scheduling. The details can also be found in [2]. Therefore,

Proposal 1: The gNB should consider the sidelink DRX configuration of the mode-1 TX UE’s peer RX UE, when the gNB is scheduling TX UE for transmission or retransmission, which can be left to gNB implementation.
2. Uu DRX configuration

Another issue is about the Uu DRX configuration when the gNB schedules the mode-1 UE.

In NR R16 sidelink the mode-1 operation and the Uu DRX functionality are not configured at the same time, as follows[3]:

	5.7
Discontinuous Reception (DRX)

The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, and AI-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].

NOTE 1:
If Sidelink resource allocation mode 1 is configured by RRC, a DRX functionality is not configured.


The main reason is that if Uu DRX is configured, for mode-1 it is still reasonable that the MAC entity may always monitor the PDCCH for the MAC entity's e.g. SL-RNTI, SLCS-RNTI.  But as Uu DRX is mandatory once configured, the UE may have to swtich off and thus there are impacts on sidelink mode-1 operation.

In R17 sidelink enhancement discussion, the power consumption is a critical aspect for sidelink UE and as the UE may not always perform sidelink communication based on e.g. SL DRX configuration, it seems reasonable that the UE may not always monitor PDCCH even in mode-1. Although the Uu DRX related issue (e.g. how to align the wake-up time between Uu DRX and SL DRX) is already included in the WID objective, it is better to first confirm that the UE in sidelink resource allocation mode-1 can be configured with Uu DRX because this is not supported in Release 16.

Observation 1: A sidelink mode-1 UE doesn’t need to always monitor PDCCH for the purpose of power saving when there is no expected scheduling from gNB.

Proposal 2: RAN2 to confirm that a sidelink mode-1 UE can be configured with Uu DRX in Release 17.

As for the Uu DRX configuration, it should be noticed that the legacy configuration for DRX related parameters may not work when considering the gNB needs to schedule a sidelink mode-1 UE in Uu DRX-on duration. The legacy parameters used for Uu DRX are as follows[3] :
	RRC controls DRX operation by configuring the following parameters:

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

-
drx-ShortCycle (optional): the Short DRX cycle;

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

-
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;

-
ps-Wakeup (optional): the configuration to start associated drx-onDurationTimer in case DCP is monitored but not detected;

-
ps-TransmitOtherPeriodicCSI (optional): the configuration to report periodic CSI that is not L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;
-
ps-TransmitPeriodicL1-RSRP (optional): the configuration to transmit periodic CSI that is L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started.


One of the main problems when considering the mode-1 scheduling with Uu DRX, is that the drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL would be affected by the HARQ feedback on PSFCH. According to section ‘5.22.1.3.2 PSFCH reception’ in [3], the TX UE should report HARQ feedback on PUCCH after it gets related HARQ feedback on PSFCH. Therefore, the size of drx-HARQ-RTT-TimerDL may be tremendously affected as the HARQ feedback should first come from PSFCH before it is reported on PUCCH. And the retransmission scheduled by gNB could also happen after a very long time.  An example is as follows:
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Figure 1. The difference in RTT timer configuration when considering mode-1 scheduling with Uu DRX

Observation 2: When considering the mode-1 scheduling with Uu DRX, the configuration of DRX related parameters (e.g. drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL) could be much different compared to legacy Uu DRX configuration.

Therefore, we should consider whether two separate Uu DRX configurations are needed for legacy Uu service and for the mode-1 DCI used to schedule sidelink mode-1 UE. Another option would be we extend the range of configured values for these Uu DRX parameters and if the DCI is also used to schedule sidelink mode-1 then the configuration should be relatively adapted to the case.

Proposal 3: The configuration of Uu DRX parameters (e.g. drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL) should consider status of sidelink transmission (e.g. HARQ ACK/NACK on PSFCH) when DCI is used to schedule sidelink mode-1 UE.

Proposal 4: If proposal 3 is agreed, RAN2 to further discuss the following options:

· Two separate Uu DRX configurations are needed for legacy Uu service and for the mode-1 DCI scheduling sidelink mode-1 UE
· Legacy Uu DRX parameters configuration should consider to be aligned with sidelink mode-1 scheduling (e.g. with larger range of values)
3. Conclusion

In this contribution, we give analysis on mode-1 and mode-2 operation when considering Uu DRX and SL DRX. Based on the discussion, we have the following observations and proposals:

Observation 1: A sidelink mode-1 UE doesn’t need to always monitor PDCCH for the purpose of power saving when there is no expected scheduling from gNB.
Observation 2: When considering the mode-1 scheduling with Uu DRX, the configuration of DRX related parameters (e.g. drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL) could be much different compared to legacy Uu DRX configuration.
Proposal 1: The gNB should consider the sidelink DRX configuration of the mode-1 TX UE’s peer RX UE, when the gNB is scheduling TX UE for transmission or retransmission, which can be left to gNB implementation.
Proposal 2: RAN2 to confirm that a sidelink mode-1 UE can be configured with Uu DRX in Release 17.
Proposal 3: The configuration of Uu DRX parameters (e.g. drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL) should consider status of sidelink transmission (e.g. HARQ ACK/NACK on PSFCH) when DCI is used to schedule sidelink mode-1 UE.
Proposal 4: If proposal 3 is agreed, RAN2 to further discuss the following options:
· Two separate Uu DRX configurations are needed for legacy Uu service and for the mode-1 DCI scheduling sidelink mode-1 UE

· Legacy Uu DRX parameters configuration should consider to be aligned with sidelink mode-1 scheduling (e.g. with larger range of values)
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