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1. Introduction
In RAN2#113e [1], RAN2 has made the following agreements on SL DRX:

Agreements on high-level principles for SL DRX

1: 
For SL unicast (after SL unicast link is established), SL DRX configuration can be configured per a pair of source/destination. FFS whether SL DRX operates per direction or for both directions.

2:
For SL groupcast/broadcast, SL DRX configuration can be configured in common. FFS on granularity of SL DRX configuration.

3:
Short DRX cycle is not introduced for SL unicast, groupcast and broadcast in Rel-17.

4:
For data reception, RAN2 defines the behaviour for monitoring the SCI reception (i.e., PSCCH and 2nd SCI on PSSCH) during the SL active time for SL DRX. For data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. Sensing aspect is not considered in this agreement.

5a:
At least, On-duration timer and Inactivity timer are supported in SL unicast.

5b: 
HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.

6a: 
At least, on-duration timer is supported for SL groupcast. FFS for the need and detailed condition when inactivity timer is supported.

6b: 
HARQ RTT is supported in SL groupcast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.

7: 
At least, on-duration timer is supported for SL broadcast.

8: 
SL DRX Command MAC CE is introduced for SL DRX operation in unicast. FFS on the need of groupcast. FFS on the detailed UE behavior (including relation to inactivity timer).

9: 
In mode 1, when in RRC_CONNECTED, if DRX is configured, the MAC entity monitors the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI in Uu DRX Active Time. MAC entity does not need to monitor the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI in Uu DRX in-active Time.

Agreements on SL DRX configurations

1: 
For broadcast/groupcast, for out-of-coverage case, TX-UE/RX-UE obtain DRX configuration from pre-configuration.

2:
For broadcast/groupcast, for in-coverage case, RRC_IDLE/INACTIVE TX-UE/RX-UE obtain DRX configuration from SIB. It is up to network implementation how to coordinate active time between different cells.

3:
For broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB. FFS on whether dedicated-RRC is also used.

4:
For unicast, for OOC scenario, the UE who sends out the DRX configuration decides on the DRX configuration. FFS on whether pre-configuration and/or the assistance information from the peer UE is also taken into account when determining the DRX configuration.

5: 
For unicast, for OOC scenario, adopt per-direction DRX configuration is as baseline. FFS on whether it is TX-centric or Rx-centric, i.e. TX UE or RX UE decides it.

In this paper, we discuss several key remaining issues related to SL-DRX.
2. Discussions
2.1 HARQ RTT and HARQ Retransmission timers for SL-DRX
It has been agreed in RAN2#113 [1] that “HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. The detailed conditions and FFS have been discussed in email discussion Post113#703 [2], but there is no consensus view on many scenarios. 
In Uu interface, the reason to have the HARQ RTT timer for Uu DRX is to allow UE to stay in DRX Inactive state during the RTT gap to save power and only need to wake up at a time when a new UL or DL grant for retransmission is likely to be assigned by gNB. It is worth noting that the HARQ RTT timer is statically configured in NR Uu case, similar to all other 3GPP timers which are used in AS or NAS layers. However, we found that there are at least two SL scenarios where using a static HARQ RTT timer is not possible.

Case 1: HARQ Feedback-disabled case: 
In this case, both CG, DG or mode 2 transmission may indicate the transmission opportunities in the selected or assigned grant, in which the interval between the initial transmission opportunity and retransmission opportunity can be zero. This means the minimum RTT gap is 0ms. It is hardly to imagine any UE implementation would support to be configured with a 0ms timer.

Proposal 1
Not to introduce HARQ RTT timer when SL HARQ Feedback is disabled. 
Case 2: SCI indicated ReTx without preemption:
As shown in Figure 1, PSCCH is used to point the reserved resource for retransmission for each TB in NR Sidelink system. This implies that, Rx UE is aware of the reservation once it succeeds the PSCCH decoding It is obvious that the HARQ gap between two transmissions is clearly indicated in SCI and the RX UE knows exactly when it is supposed to decode the next PSCCH/PSSCH for the same TB. So, it can time the next “ACTIVE” time accurately and decode PSCCH for retransmission, without using a RTT timer and retransmission timer to timing this behavior. Actually, those HARQ gaps are not always fixed. Depending on resource scheduling algorithm, it is somehow chosen by TX UE (mode 2) or gNB (Mode 1) in some random way. Therefore, the RX UE cannot have a single static RTT timer value to represent this gap. In other words, using the static HARQ RTT configuration will not fully exploit the potential of power saving. 
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Figure 1: HARQ gap (SL resource reservation) as indicated in SCI
So, in this case, if we introduce a HARQ RTT timer for SL, then the value of this RTT timer will be (re)configured in every transmission. We think this UE kind of operation is better to be described in UE procedures without formally introduced a RTT timer concept.  The UE knows the exact time to receive just like the UE knows the exact time to transmit according to a SL grant. There is no RTT timer defined for UE’s TX operation during DRX inactive time, why we need to call this as a HARQ RTT timer in RX operation?

Proposal 2
For SCI-indicated ReTx without preemption, UE behavior (for power saving) can be described as UE procedure without introduce the concept of HARQ RTT timer. 
Case 3: SCI indicated ReTx with preemption:
For the case when preemption is enabled, the SCI-indicated ReTx may not be used. So, there are some uncertainty of when to retransmit. The RTT timer can be set according to “minimum time gap” value to ensure some power savings. But on the other hand, if the power saving is preferred, then the preemption mechanism can also be disabled. Anyway, the preemption does not need to be triggered all the time 
Proposal 3
RAN2 consider whether TX UE should disable preemption when SL-DRX is enabled in RX UE for SL unicast. 
Case 4: RTT gap between CG & DG or Inter-DG gap:
There are some other corner cases that a SCI may not contain the offset for retransmission. This may occur in mode 1 dynamic grant (DG) case if the DG does not contain all the retransmission resources for up to maximum number of retransmissions. In this case, the TX UE may need to get extra DG for this TB and cannot firmly indicate the retransmission offset in SCI. 
Proposal 4
SL HARQ RTT timer is configured based on “minimum gap” in Inter-DG gap or the RTT gap between CG & DG. 
Similar to Uu case, retransmisiosn timer is started at the expiry of HARQ RTT timer, which is supposed to cover some period of before and after the expected retransmission. If the exact tming of retransmisoon is not in doubt, then there is no use for this retrnamission timer, either. Based on the above discusison, we think the only case in indeed need of retransmission timer is Case 4 described above.
Proposal 5
SL HARQ Retransmission timer is only needed when SL HARQ RTT timer is used. 
2.2
 Optimize SL DRX configurations for power savings
In NR Uu Rel-15, only one DRX configuration is used per MAC entity. In Rel-16, a secondary DRX configuration is introduced for Carrier Aggregation case for SCell(s) with FR2 support. Hence, Rel-16 NR UE only need to have up to two DRX configurations. For SL DRX, we have UEs engage with SL communication with multiple different cast types, SL communication with multiple different peers, and SL communication with multiple different QoS requirements. All those will make the total number of SL DRX configurations be a value much larger than 2. When a single MAC entity handles so many SL DRX configuration, the sum effect of those SL DRX configurations would diminish the power savings for SL UE. Assume a sidelink UE may have multiple V2X service of different QoS requirements, then the UE has to follow multiple different DRX configurations. As a result, the wake up time of a SL UE will be the superset of all “ON-Duration”s of those DRX configurations, and that will keep UE ON in many different occasions and maintain a very busy duty cycle. As a result, UE may have no or little time to shut off RX chain.    
Proposal 6
RAN2 consider how to reduce/consolidate the total number of configurations per SL MAC entity.
To maximize the power saving, we think it is reasonable to align the starting offset and DRX cycle length to maximize the overlapping of ON durations and reduce the overall power consumptions.
For example, as in Figure 2, DRX cycles can be configured as enumerated choices from  [T, T/2, T/4….] set to enable the overlapping of ON duration, even when ON Duration are of different lengths. For the UE in this example, if just need to follow the [blue, yellow, green, yellow, blue, yellow, green, yellow …] ON Duration respectively in each T/4 cycle to ensure it does not miss any SL traffic of three different QoS flows. 
[image: image2.png]ON

— T/4 —

<— Cycle =T/2 —>

<

Cycle=T

ON

ON

ON

> time




Figure 2. Align the onDurations of different DRX configurations

Proposal 7
DRX configurations may be configured to have optimized DRX cycle lengths and aligned starting offset to maximize the overlapping of ON durations.
2.3
Alignment of Uu DRX and SL DRX
One of the objectives in WID [3] is to “specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE”. For in-coverage UE, we think this is mainly an optimization for RRC_CONNECTD UE because RRC_IDLE UE need follow a NAS-defined PO (Paging Opportunity) configuration to listen for CN paging, which is a scheme not to be altered easily in AS layer. 

Based on the description from the objective in WID, the alignment of Sidelink DRX and Uu C-DRX wake up time, aims to reduce the overall wake up time of an RRC_CONNECTED UE, as shown in the example of Figure 1. In such a design, the DRX cycles used by Uu and SL are identical, and the On Durations in both Uu DRX and SL DRX overlap with each other.
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Figure 1. Overlapping alignment of Uu DRX and SL DRX

However, the motivation for such an overlapping DRX alignment still worth a discussion. If Uu and SL using different RX chains, then the operation of SL RX and Uu RX are independent. It is unclear how the intra-UE alignment helps to achieve power saving for a RX UE. On the other hand, we can see if there is a linkage between SL RX and Uu Tx in uplink in the same UE, then there may be some benefits for latency reduction, due to the reduced packet buffering time. This advantage of DRX alignment will be applicable to the Sidelink Relay UE. However, RAN2 has agreed in the last meeting [4] :

	( RAN2 will prioritize normal use case without consideration of relay UE use case in Rel-17.


So, the SL relay use case is not the major use case for Uu/SL DRX alignment. 

Another possible reason to have such an alignment is to coordinate the SL RX UE 1 with a mode-1 TX UE 2, so that UE 2 will not obtain gNB-assigned SL grants which are out of “onDuration” window of UE 1. Thus, this kind of alignment is actually between two different UEs, not in the same UE. This does not exactly match the objective in WID to “align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE”. In this case, the Sidelink RX UE does not need to be in-coverage. If this is the real motivation for DRX alignment, we prefer to have RAN2 to clarify this important point first and modify the design objective. 

Proposal 8
RAN2 clarify the objective of Uu/SL DRX alignment as “inter-UE alignment: align Uu DRX wake-up time of an in-coverage mode 1 Sidelink TX UE with the wake up time of  Sidelink RX UE (in-coverage or out of coverage)”.  
While the Mode 1 TX UE C-DRX configuration is completely controlled by the serving gNB of TX UE, the RX UE’s SL DRX configuration may or may not be controlled by this gNB, as RX UE may be out of coverage or camping under a different cell. So, let gNB directly adjust the RX UE Sidelink DRX parameters would be problematic. Moreover, we think Uu DRX configurations can be arbitrarily configured while SL-DRX just follow a couple of common DRX configurations. So, Uu DRX has more flexibility to be adjusted.

Hence, we think the general rule is to have gNB adjusting Uu Wake-up time, aiming to align Uu DRX wake-up time of the TX UE with SL DRX wake-up time of Sitelink RX UE. This can be a baseline rule. There could be exceptions, which can be further studied.

Proposal 9
Basic rule for overlapping alignment is to adjust Uu DRX configuration of mode 1 TX UE to match the SL DRX configuration of RX UE. FFS exceptions. 
On the other hand, “fully overlapping alignment” may not be always desirable in NR SL. In LTE ProSe, if UE uses a single RX chain for both WAN & D2D communication, a discovery gap [2] is configured to allow UE to switch to SL to monitor D2D signals and skip monitoring Uu traffic. This could also happen in NR SL case if SL and Uu operate in the same band with a shared RX chain. For example, n38, n79 are added in Rel-16 by RAN4, as SL communication is no longer only be restricted to n47 ITS bands. If UE shares the single RX chain in licensed band for both V2X SL and NR DL reception, it does not make sense to do fully overlapping alignment of Uu-DRX and SL-DRX. This is because a UE may be able to have DL reception and SL reception at the same time (similar to intra-band CA), but TX in SL (as triggered in onDuration) would cause problem for PDCCH monitoring for Uu-DRX. 

Hence, instead of overlapping alignment, the ON durations of Uu and DRX are better to be TDM-ed in the adjacent periods, as shown in (a) or (b) of Figure 2.
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Figure 2 Non-overlapping alignment of Uu DRX and SL DRX
We think RAN2 need first to discuss whether non-overlapping Uu/SL DRX alignment is needed.

Proposal 10
RAN2 to discuss whether non-overlapping Uu/SL DRX alignment could be considered for UE with a single RX chain.
3. Conclusions

In this paper, we have discussed the remaining SL-DRX issue and have the following proposals:

Proposal 1
Not to introduce HARQ RTT timer when SL HARQ Feedback is disabled. 
Proposal 2
For SCI-indicated ReTx without preemption, UE behavior (for power saving) can be described as UE procedure without introduce the concept of HARQ RTT timer. 
Proposal 3
RAN2 consider whether TX UE should disable preemption when SL-DRX is enabled in RX UE for SL unicast. 
Proposal 4
SL HARQ RTT timer is configured based on “minimum gap” in Inter-DG gap or the RTT gap between CG & DG. 
Proposal 5
SL HARQ Retransmission timer is only needed when SL HARQ RTT timer is used. 
Proposal 6
RAN2 consider how to reduce/consolidate the total number of configurations per SL MAC entity.
Proposal 7
DRX configurations may be configured to have optimized DRX cycle lengths and aligned starting offset to maximize the overlapping of ON durations.
Proposal 8
RAN2 clarify the objective of Uu/SL DRX alignment as “inter-UE alignment: align Uu DRX wake-up time of an in-coverage mode 1 Sidelink TX UE with the wake up time of  Sidelink RX UE (in-coverage or out of coverage)”.  
Proposal 9
Basic rule for overlapping alignment is to adjust Uu DRX configuration of mode 1 TX UE to match the SL DRX configuration of RX UE. FFS exceptions. 
Proposal 10
RAN2 to discuss whether non-overlapping Uu/SL DRX alignment could be considered for UE with a single RX chain.
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