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1. Introduction
During the Rel-16 V2X discussion, the issue on SL operation impact to the Uu DRX has been discussed [1]. In [1], majority companies think that the DRX related issue is not in the Rel-16 scope but in the Rel-17 scope and suggested to discuss it in Rel-17. 
In this contribution, we will discuss SL operation impact on Uu DRX and provide corresponding observations and proposals.

2. Discussion
In Rel-16, RAN2 reached the following agreements for DRX:

	Agreement:

UE does not expect DRX configuration if SL mode1 is configured in Rel-16.


This means that once a UE is configured with SL mode 1, the Uu DRX of this UE shall actually be disabled. In Rel-16 this may be acceptable considering that the main use case for SL operation considering in Rel-16 is V2V. However, in Rel-17 we also need to consider the V2P as well as other commercial use cases. For such use cases, the UE’s power saving is one of the key aspects that should be taken into account when designing SL related mechanism. This is also the reason why SL DRX and power efficient SL resource selection are agreed to be the objectives for Sidelink enhancement WID [2]. 

Observation 1: For the use cases to be considered in the Rel-17 WID of Sidelink enhancement, UE’s power saving is one of the key aspects that should be taken into account.

For the UE configured with SL mode 1, the UE needs to operate on Uu as well as PC5, both of which will contribute to the UE’s power consumption. So, in order to reduce such UE’s power consumption effectively, it is straightforward that both of the power consumption on Uu and PC5 should be reduced as much as possible. However, with the current Rel-16 conclusion on the Uu DRX as given above, the UE could not enable the Uu DRX, which requires the UE to always keep monitoring the PDCCH, once it is configured with Mode 1. This obviously violates with the motivation for introducing enhancement for UE’s power saving in [2].

Observation 2: The Rel-16 conclusion that “UE does not expect DRX configuration if SL mode1 is configured in Rel-16” is violating with motivation for introducing enhancement for UE’s power saving in Rel-17.
In addition, there is a clear objective in the WID to discuss the alignment of Uu DRX and SL DRX, which means that Uu DRX can be configured for a RRC_CONNECTED UE, when the UE is performing NR SL communication. 

Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage 

So, based on the above observations, we have the following proposal:

Proposal 1: The SL impact on Uu DRX shall be discussed in the WI of Sidelink enhancement. 
2.1. Impact on Uu DRX with SL RNTI(s)
The RRC connected UE configured to perform sidelink transmission may be configured with Uu DRX functionality for power saving. According to [3], DRX mechanism is used to control the UE’s PDCCH monitoring activity for some UE’s specific RNTIs. To enable Uu DRX, if the UE is configured with SL Mode 1, in addition to monitor the PDCCH addressed with the current UE specific RNTIs, the UE also needs to monitor the PDCCH addressed to the SL RNTIs, including SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. In this case, the PDCCH monitoring activity for these SL RNTIs should also be controlled by the Uu DRX. Actually, similar SL RNTIs, i.e., SL-RNTI and SL-V-RNTI have already been considered in the Uu DRX in LTE as in [4].

Proposal 2: As in LTE DRX, PDCCH monitoring activity for SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI should be controlled by Uu DRX.
2.2. Impact on Uu DRX with SL new transmission 
In the current DRX mechanism, the UE starts or restarts the drx-InactivityTimer to keep monitoring potential new transmission scheduling if the UE receives a PDCCH for DL or UL new transmission . This efficient mechanism for receiving new transmission scheduling is also suitable for SL traffic. In LTE, if the UE receives a PDCCH for SL new transmission, the UE starts or restarts the drx-InactivityTimer. It can be reused in NR sidelink. 
Proposal 3: As in LTE DRX, the UE starts or restarts the drx-InactivityTimer if the UE receives a PDCCH indicating a new SL transmission. 
2.3. Impact on Uu DRX with SL retransmission 

Case 1: UE is configured with sl-PUCCH-Config
In NR sidelink, HARQ feedback based retransmission has been introduced. For SL Mode 1, if the UE is configured with sl-PUCCH-Config, the gNB will schedule a SL retransmission via PDCCH if NACK for the pervious SL transmission is received from the UE via PUCCH. If the UE is configured with Uu DRX, then one issue is how to guarantee the UE is in active time when the gNB wants to schedule the SL retransmission for the UE. With the current DRX mechanism, it may happen that the SL retransmission needs to be delayed to the OnDuration in the next DRX cycle as shown in Figure 1. 
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Figure 1 
To address the above issue in the case when UE is configured with sl-PUCCH-Config, the simplest way is to introduce two HARQ related timer, i.e. drx-HARQ-RTT-TimerSL and drxRetransmssionTimerSL for each SL HARQ process, which should be configured and operate similarly with drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerUL. The values of these two timers are configured by gNB.
-
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 HARQ retransmission grant is expected by the MAC entity.

Proposal 4: For the case when UE is configured with sl-PUCCH-Config, define two HARQ related timer, i.e. drx-HARQ-RTT-TimerSL and drx-RetransmssionTimerSL for each SL HARQ process. The values of these two timers are configured by gNB.
-
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 HARQ retransmission grant is expected by the MAC entity.

For the operation of these two timers, the UE behaviours similar with the DL HARQ timers can be defined. To be specific, we have the following proposals:

Proposal 5: If the UE needs to send the SL HARQ feedback via the PUCCH to the gNB, the UE shall:
-
Start the drx-HARQ-RTT-TimerSL for the corresponding SL HARQ process in the first symbol after the end of the PUCCH resources carrying the SL HARQ feedback;
-
Stop the drx-RetransmissionTimerSL for the corresponding HARQ process.
Proposal 6: Upon the expiry of a drx-HARQ-RTT-TimerSL, and the data of the corresponding SL HARQ process has not been successfully transmitted via the sidelink, the UE shall:
-
Start the drx-RetransmissionTimerSL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerSL.
With introduction of drx-HARQ-RTT-TimerSL and drx-RetransmssionTimerSL, the SL retransmission can be scheduled during drx-RetransmssionTimerSL instead of being delayed to the next DRX cycle as shown in Figure 2. 
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Figure 2 
Case 2: UE is configured without sl-PUCCH-Config
If sl-PUCCH-Config is configured, the UE transmits HARQ feedback for SL transmission to gNB. In this case, the impacts of SL retransmission on Uu DRX as proposed above are similar to the existing Uu mechanism defined for DL retransmission. However, it should be noticed that in Rel-16 NR SL supports blind retransmission, i.e., the UE can be configured without sl-PUCCH-Config. In this case, the gNB is not able to receive HARQ feedback for SL communication and can only perform blind SL retransmission scheduling for the UE. Similar to Case 1, if the UE cannot extend the active time, the gNB shall schedule the SL retransmission resource on the next OnDuration time, which is less-efficient. Therefore, in order to avoid this transmission delay, the solution proposed for Case 1 should be reused for Case 2, i.e., rely on drx-RetransmissionTimerSL to extend the active time to monitor PDCCH for retransmission. However, as there is no PUCCH configured, the time point to start the associated timer for the SL process should be further analyzed.  
Proposal 7: RAN2 to discuss how to extend the active time to monitor PDCCH for retransmission in case the sl-PUCCH-Config is not configured.

3. Conclusion

In this contribution, we discussed the impact on Uu DRX due to the SL operation and DRX timers related to SL retransmission scheduling and the following observations and proposals are provided:

Observation 1: For the use cases to be considered in the Rel-17 WID of Sidelink enhancement, UE’s power saving is one of the key aspects that should be taken into account.

Observation 2: The Rel-16 conclusion that “UE does not expect DRX configuration if SL mode1 is configured in Rel-16” is violating with motivation for introducing enhancement for UE’s power saving in Rel-17.
Proposal 1: The SL impact on Uu DRX shall be discussed in the WI of Sidelink enhancement. 
Proposal 2: As in LTE DRX, PDCCH monitoring activity for SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI should be controlled by Uu DRX.
Proposal 3: As in LTE DRX, the UE starts or restarts the drx-InactivityTimer if the UE receives a PDCCH indicating a new SL transmission. 

Proposal 4: For the case when UE is configured with sl-PUCCH-Config, define two HARQ related timer, i.e. drx-HARQ-RTT-TimerSL and drx-RetransmssionTimerSL for each SL HARQ process. The values of these two timers are configured by gNB.
-
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 HARQ retransmission grant is expected by the MAC entity.
Proposal 5: If the UE needs to send the SL HARQ feedback via the PUCCH to the gNB, the UE shall:

-
Start the drx-HARQ-RTT-TimerSL for the corresponding SL HARQ process in the first symbol after the end of the PUCCH resources carrying the SL HARQ feedback;
-
Stop the drx-RetransmissionTimerSL for the corresponding HARQ process.

Proposal 6: Upon the expiry of a drx-HARQ-RTT-TimerSL, and the data of the corresponding SL HARQ process has not been successfully transmitted via the sidelink, the UE shall:

-
Start the drx-RetransmissionTimerSL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerSL.

Proposal 7: RAN2 to discuss how to extend the active time to monitor PDCCH for retransmission in case the sl-PUCCH-Config is not configured.
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