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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN2 #114e meeting, some agreements related to SL communication impact on Uu DRX were reached as shown below [1]:
	4:	SL-specific drx-HARQ-RTT-Timer and SL-specific drx-RetransmissionTimer should be introduced in Uu, which are maintained based on sidelink process.
5:	When sl-PUCCH-Config is configured, SL-specific drx-HARQ-RTT-Timer and SL-specific drx-RetransmissionTimer should be maintained for UE configured with sidelink resource allocation mode 1.
6:	Adopt the following definitions of SL-specific drx-HARQ-RTT-Timer and drx-RetransmissionTimer (the detailed name of the timers can be further discussed):
 	- drx-RetransmissionTimerSL (per Sidelink process): the maximum duration until a grant for SL retransmission is received;
 	- drx-HARQ-RTT-TimerSL (per Sidelink process): the minimum duration before a SL retransmission grant is expected by the MAC entity.
7:	When sl-PUCCH-Config is configured (and the PUCCH is transmitted), the UE should start the SL-specific drx-HARQ-RTT-Timer in Uu for the corresponding SL HARQ process in the first slot after the end of the corresponding transmission carrying the SL HARQ feedback via the PUCCH.


In addition, the alignment between Uu DRX and SL DRX was discussed in RAN2 #114e meeting and the following agreements were achieved [1]:
	Agreements on alignment between Uu DRX and SL DRX
1: 	Alignment of Uu DRX and SL DRX for UE may comprise the full overlapping between Uu DRX and SL DRX in time.
2:	Alignment of Uu DRX and SL DRX for UE may comprise the partial overlapping between Uu DRX and SL DRX in time.
3:	For at least SL RX-UEs in RRC CONNECTED, the alignment of Uu DRX and SL DRX is up to gNB. FFS for SL TX-UE.
4:	RAN2 to down-scope alignment of Uu DRX and SL DRX for UEs in RRC IDLE and RRC INACTIVE from Rel-17.
5:	In case of Mode 1 scheduling, the alignment of Uu DRX of Tx UE and SL DRX of Rx UE shall be considered. FFS on how alignment is achieved.


In this contribution, we will discuss SL communication impact on Uu DRX timers when sl-PUCCH-Config is not configured and provide corresponding proposals. In addition, we will also discuss remaining issues on the alignment between Uu DRX and SL DRX based on the current agreements.
[bookmark: _Ref129681832]Discussion
SL communication impact on Uu DRX
[bookmark: _GoBack]In last RAN2#114e meeting, RAN2 has agreed to define SL-specific drx-HARQ-RTT-Timer and SL-specific drx-RetransmissionTimer in Uu. The SL-specific drx-HARQ-RTT-Timer is started in the first slot after the end of the corresponding transmission carrying the SL HARQ feedback. This means SL-specific drx-RetransmissionTimer would not start earlier than the next slot. Thus gNB cannot schedule a DCI for retransmission earlier than the next slot of PUCCH even if DCI can be ready and PDCCH resource is available. Such restriction for gNB scheduling is not reasonable and inefficient. Since the SL-specific drx-HARQ-RTT-Timer and SL-specific drx-RetransmissionTimer are Uu DRX timers, the start time granularity of the two timers should follow legacy Uu timers, i.e., the granularity is symbol level. So we propose to correct, in the online agreement, the start point of SL-specific drx-HARQ-RTT-Timer to symbol level instead of slot level, when sl-PUCCH-Config is configured.
Proposal 1: Correct the start point of the SL-specific drx-HARQ-RTT-Timer in Uu to the first symbol after the end of the corresponding transmission carrying the SL HARQ feedback via the PUCCH, when sl-PUCCH-Config is configured.
For the case when the UE is configured without sl-PUCCH-Config, in the related email discussion, majority companies support the start point of SL-specific drx-RetransmissionTimer is the first symbol after the end of last PSSCH resource scheduled through one DCI. It is noted that the start point is also symbol level following legacy Uu DRX timer. The reason is that slot level of SL transmission does not mandate slot level DCI scheduling for the SL transmission. The offset between DCI and the SL transmission scheduled by the DCI can be on symbol level instead of on slot level according to the following specification from TS 38.214.
	The slot of the first sidelink transmission scheduled by the DCI is the first SL slot of the corresponding resource pool that starts not earlier than , where  is the starting time of the downlink slot carrying the corresponding DCI,  is the timing advance value corresponding to the TAG of the serving cell on which the DCI is received and is the slot offset between the slot of the DCI and the first sidelink transmission scheduled by DCI and  is the SL slot duration.


Therefore, it is proposed that the starting point of the SL-specific drx-RetransmissionTimer is on the symbol level, when sl-PUCCH-Config is not configured.
Proposal 2: The starting point of the SL-specific drx-RetransmissionTimer is on the symbol level, when sl-PUCCH-Config is not configured.
Alignment between Uu DRX and SL DRX
In this section, we focus on the objective of “Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage”. 
[bookmark: OLE_LINK4]In last RAN2#113bis e-meeting, it is agreed that “The alignment of Uu DRX and SL DRX of the same UE shall be considered”.  Also RAN2#114 e-meeting agreed that “In case of Mode 1 scheduling, the alignment of Uu DRX of Tx UE and SL DRX of Rx UE shall be considered. FFS on how alignment is achieved”. These two kinds of alignment are discussed in detail in the following part. 
In addition, RAN2#114e-meeting also agreed that “For SL unicast, TX-UE centric DRX configuration based on the assistance information from RX-UE is agreed as baseline”. As a result, we will focus on the two kinds of alignment in Tx UE centric scheme. 
Alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX
[bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94]In Uu communication, if UE is configured with Uu DRX, the UE only monitors PDCCH during the active time of its Uu DRX. Similarly, in SL communication, if an Rx UE configured with SL DRX is communicating with a Tx UE, the Rx UE only monitors PSCCH during the active time of its SL DRX as per the current agreement achieved in last meeting. In addition, in case the Tx UE works on Mode-1, it should monitor PDCCH for SL grant scheduling and the scheduled SL grant should occur at the active time of Rx UE’s SL DRX. According to the Rel-16 design, the DCI scheduling the SL grant includes a 3-bit field “Time gap”, of which the allowed value is determined by RRC parameter sl-DCI-ToSL-Trans. To be more detailed, sl-DCI-ToSL-Trans parameter includes eight values and gNB indicates one of the eight values in “Time gap” field of DCI. Then the Tx UE uses the “Time gap” field to calculate the timing of SCI transmission upon receiving the DCI for SL grant. The following Figure 3 illustrates a normal SL grant scheduling case.
[image: ]
Figure 2. A normal SL grant scheduling case
If no coordination is performed, it is possible that the SL grant scheduled for the Tx UE during its Uu DRX active time does not fall into the SL DRX active time of the peer Rx UE. If the Uu DRX active time for the TX UE and the SL DRX active time of its peer UE is mismatched, there may be some issues with DCI/SCI scheduling, e.g., in the following Figure 4, the SCI scheduling the SL grant corresponding to the DCI within the Tx UE’s Uu DRX active time is not within the Rx UE’s SL DRX active time, or in Figure 5, the DCI scheduling the SL grant corresponding to the SCI within the RX UE’s SL DRX active time is not within the Tx UE’s Uu DRX active time.
[image: ]
Figure 3. Tx UE’s Uu is active while corresponding Rx UE’s SL is inactive
[image: ]
Figure 4. Rx UE’s SL is active while corresponding Tx UE’s Uu is inactive
Considering the Tx UE centric scheme where the SL DRX parameters are decided by Tx UE or the gNB of the Tx UE, the Tx UE or the corresponding gNB can consider the alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX when deciding the SL DRX by implementation as all needed assistant information is available to TxUE or its gNB. For example, the Tx UE or the corresponding gNB can configure a SL DRX which is aligned with the Uu DRX of the TX UE for the Rx UE, or the gNB can adjust Tx UE’s Uu DRX to align with the intended SL DRX of the Rx UE.
Proposal 3: Tx UE or gNB of Tx UE is responsible for the alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX in Tx UE centric scheme and this can be left to UE or NW implementation.
Alignment between Rx UE’s Uu DRX and Rx UE’s SL DRX
As illustrated in Figure 6, it is most power efficient if the active times are completely overlapped for the Rx UE supporting simultaneous reception on Uu and PC5. 
Observation 1: It is power efficient if the Uu DRX active time and SL DRX active time of the Rx UE is overlapped, if the Rx UE supports simultaneous reception on Uu and PC5.
[image: ]
Figure 5. Illustration of alignment between Uu DRX active time and SL DRX active time
Similar to the analysis in Section 2.2.1, either Tx UE or the serving gNB of Rx UE is able to perform the alignment. To be more detailed, if it is pending on the Tx UE or its serving gNB to determine the SL DRX configuration, then the Rx UE can inform its Uu DRX configuration as assistance information to Tx UE. Then it can be up to the implementation of Tx UE or the Tx UE forward the received assistance information to the connected gNB and then its gNB ensures the alignment so that the power consumption can be the most efficient from the Rx UE’s perspective. Obviously, the assistance information can include both the Rx UE’s Uu DRX configuration for connected mode as well as the Uu DRX for paging.
Alternatively, it can be up to the serving gNB of the Rx UE to ensure the alignment between Uu DRX active time and SL DRX active time for the Rx UE in case the Rx UE is in RRC_CONNECTED state. For example, when receiving the SL DRX configuration from peer Tx UE, the Rx UE can transfer this SL DRX configuration to its serving gNB so that the gNB can adjust the Uu DRX configuration for the Rx UE.
Proposal 4: Considering the alignment between Rx UE’s Uu DRX and Rx UE’s SL DRX in Tx UE centric scheme, RAN2 to discuss the following two options.
· Option 1: Rx UE informs Tx UE of the configured Rx UE’s Uu DRX configuration as assistance information and Tx UE or Tx UE’s serving gNB makes the alignment when determining the SL DRX configuration.
· [bookmark: OLE_LINK3]Option 2: Rx UE informs the serving gNB of its received SL DRX configuration from Tx UE and the gNB is responsible of the alignment, e.g., adjust the Uu DRX configuration for the Rx UE.
In addition, in last RAN2 meeting, companies mentioned the case where the Rx UE is not able to perform simultaneous reception on Uu and PC5 because of single Rx chain. In our understanding, RAN2 needs to confirm it is a valid case with RAN1/RAN4 before discussing the potential solutions and specification impact.
Proposal 5: Send LS to RAN1 and RAN4 to check whether single Rx chain is supported or not.
Conclusions
In this contribution, we discussed impact on Uu DRX timers related to retransmission scheduling and discussed alignment between Uu DRX and SL DRX, the following observations and proposals are provided:
Proposal 1: Correct the start point of the SL-specific drx-HARQ-RTT-Timer in Uu to the first symbol after the end of the corresponding transmission carrying the SL HARQ feedback via the PUCCH, when sl-PUCCH-Config is configured.
Proposal 2: The starting point of the SL-specific drx-RetransmissionTimer is on the symbol level, when sl-PUCCH-Config is not configured.
Proposal 3: Tx UE or gNB of Tx UE is responsible for the alignment between Tx UE’s Uu DRX and Rx UE’s SL DRX in Tx UE centric scheme and this can be left to UE or NW implementation.
Observation 1: It is power efficient if the Uu DRX active time and SL DRX active time of the Rx UE is overlapped, if the Rx UE supports simultaneous reception on Uu and PC5.
Proposal 4: Considering the alignment between Rx UE’s Uu DRX and Rx UE’s SL DRX in Tx UE centric scheme, RAN2 to discuss the following two options.
· Option 1: Rx UE informs Tx UE of the configured Rx UE’s Uu DRX configuration as assistance information and Tx UE or Tx UE’s serving gNB makes the alignment when determining the SL DRX configuration.
· Option 2: Rx UE informs the serving gNB of its received SL DRX configuration from Tx UE and the gNB is responsible of the alignment, e.g., adjust the Uu DRX configuration for the Rx UE.
Proposal 5: Send LS to RAN1 and RAN4 to check whether single Rx chain is supported or not.
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