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1. Introduction
RAN2#116-e [1] has made good progress on SL DRX design. Also, some open issues have been discussed in the  post-meeting email discussions [2][3][4]. However, there are still controversial issues not yet reaching consensus. 

In this paper, we present our views on the remaining controversial issues of SL-DRX, including the controversial issues raised in those email discussion and FFS issues existing in earlier meeting agreements.
2. Discussions
2.1 MAC Open Issues for SL-DRX 
Priority order for SL DRX Command MAC CE has been discussed in [3]. While the majority view is that “The priority order of Sidelink DRX Command MAC CE is between Sidelink CSI Reporting MAC CE and data from any STCH “, we think the majority view assumes that the UE will not need to use SL DRX Command MAC CE when there are any data in STCH. So, literally, this means the LCP procedure will never need to compare the STCH priority with SL DRX Command MAC CE. Hence, the priority order between “SL DRX Command MAC CE” and “STCH” part of the proposal is meaningless.
It seems that the intention of the proposal is to make changes in in 5.22.1.4.1 of MAC specification 38.321 [5] by inserting the “Sidelink DRX Command MAC CE” in the following list, as shown below:
	Logical channels shall be prioritised in accordance with the following order (highest priority listed first):

-
data from SCCH;

-
Sidelink CSI Reporting MAC CE;

- 
Sidelink DRX Command MAC CE
-
data from any STCH.




The simple insertion change as above is not appropriate and confusing, because data from any STCH or SCCH should prevent the generation and/or transmission of SL DRX Command MAC CE. 
For a corner scenario when UE wants to multiplex the very last segment of STCH data with a SL DRX command MAC CE, the priority order shown above will be problematic, because UE will try to place SL DRX Command MAC CE into the TB first instead of prioritizing the STCH data segment, when both of them are in the MAC buffer. 
Also, it is unclear about the need to maintain a single ranked list for all SL logical channels in the specification for this case, as the UE does not really need to refer to such a single list in UE implementation of SL DRX command. As a legacy, such an ordered list exists in MAC spec for Uu’s LCP procedure. But that does not mean it is always good practice to crowd all priority-related agreements with a single list, especially when some comparisons are not needed at all. So, we suggest to simply capture the relative relationship between SL DRX Command MAC CE and SL-CSI report MAC CE in the MAC specification, as a separate sentence w/o touching the list.   
Proposal 1 
Capture “SL DRX Command MAC CE has a lower priority than SL-SCI reporting MAC CE in LCP“ in MAC specification  w/o changing the priority order list in clause 5.22.1.4.1.
One of the remaining issues for SL-specific Uu DRX enhancement is whether to support SL-specific drx-HARQ-RTT-Timer when sl-PUCCH-Config is not configured. 
First, we think the drx-HARQ-RTT-TimerSL timer is not needed if PUCCH is not configured. It is essentially a zero-value timer, which is not required in this case. Second, some companies suggest having a unified approach because SL-DRX allows zero-value configuration. But we think there is no need to force Uu DRX to adopt the norm of SL-DRX. For SL-specific Uu DRX, there is really no need to introduce zero-value timer. In this case, the UE uses SL-specific drx-RetransmissionTimer only.

Proposal 2 
drx-HARQ-RTT-TimerSL is not supported if sl-PUCCH-Config is not configured.
Then, there is a controversial issue for mode 1 operation: when mode 1 SL grant does not match the active time of RX UE, the transmission or retransmission will fail. The question is: if sl-PUCCH-Config is provided, whether UE shall report ACK or NACK in this case? 
We think the UE shall just follow the legacy logic, i.e. reporting NACK for transmission failure, for this corner case. There is no major problems caused by reporting NACK as the transmission does “fail” and the mode 1 UE does need other transmission resource(s) to be scheduled by gNB to deliver the MAC PDU to the RX UE. We do not see an overwhelming benefit to change the default HARQ ACK/NACK behavior.

Proposal 3 
when mode 1 SL grant is not in SL active time of any destination that has data to be sent, UE sends NACK to gNB if initial transmission or retransmission is dropped.
Another open issue is whether to consider the “announced periodic transmission” as future “Active time” by RX UE for the sake of SL-DRX. 

The announced periods are destination agnostic, and it does not mean TX UE intends to use it to transmit to a particular RX UE again, so RX UE remain active can waste its power to remain active but not receiving any relevant data. Basically, this will hurt the power efficiency of the RX UE. Moreover, the “Active Time” of SL DRX for unicast communication is so far all based on timers and configurations included in unicast-specific signaling (such as assistance information from RX UE and TX UE’s SL-DRX configuration signaling). But the “announced periodic transmission” in Stage-1 SCI is a broadcasting signal for resource reservation purpose, it is not a unicast-specific L1 signaling. Therefore, we think RX UE needs not to consider them when determining “Active Time” for a particular SL unicast link.
Proposal 4
Slots associated with the announced periodic transmissions by the TX UE are not considered as SL active time of the RX UE.
Then, there is a remaining issue for BC/GC SL-DRX on whether and how to down-select SL DRX configuration(s) when multiple QoS profiles are associated with the same L2 DST, which is discussed in [3]. From our view, accommodating multiple SL DRX configurations with different PQI can be solved in a smart way. 

As show in Figure 1 below, the DRX cycle can be chosen from the set [T, 2T…, 2nT] as the busiest cycle T used for the PQI corresponding to the most stringent latency requirements. Note that in RAN2#114-e [6], it has been agreed that “For GC/BC, For GC/BC, sl-drx-startoffset is set based on DST L2 ID”. So, the starting offsets of SL-DRX configurations are already aligned because this is for the same L2 DST. By using the exponential sequence of [T, 2T…, 2nT] as the DRX cycles and setting the onDuration of those SL DRX configurations as identical values for different PQIs, there is no need to cut any corners in the down-selection process because the onDuration(s) for those different PQI are perfectly overlapped. In other words, a UE monitoring the busiest DRX configuration will automatically monitor the onDuration(s) for other PQIs
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Figure 1: Configure different PQI with a [T, 2T, 2nT] DRX cycle
Hence, we propose:
Proposal 5 
To solve the down-selection among multiple SL_DRX configurations for the same GC/BC L2 destination ID: 
a): onDurations of different PQI set to identical value;
b): DRX cycle can be chosen from the set [T, 2T…, 2nT] as the busiest cycle T used for the PQI corresponding to the most stringent latency requirements.
Regarding the remaining issue on whether or how to define UE behavior in case of MAC PDU decoding failure (i.e., only L1 DST ID is available but L2 DST ID is unknown to the receiving UE). 
Logically, if a UE has matched L1 DST ID, but failed to decode the data portion, the UE is not sure about the data is destinated to itself, because some part of L2 ID(s) are included in MAC header. There is no clear way to improve the SL-DRX performance when UE has no clear information. RAN2 shall just ignore this case and not define any exception behavior for this case. 
Proposal 6 
UE behavior for decoding failure is to not (re)start inactivity timer. No further optimization is needed.
Finally, there is a very important aspect about the MAC layer interaction with L1 about “active time” so that PHY layer can make proper resource reservations. We think the “active time” MAC layer provides to the PHY layer should be deterministic and accurate. It has been discussed online in RAN2#116-e that there is some ways for UE to convey the periodic onDuration cycles to lower layers, in additional to the current active time. In lieu of this, it is reasonable to think MAC layer specification need capture those as a baseline for this issue.  It is not desirable to left this important aspect to UE implementation. 
Proposal 7 
How MAC layer provide “active time” to PHY layer should be specified.

2.2
RRC Open Issues for SL-DRX 
For RRC email discussion [4], there is one FFS in the following proposal:

[Proposal 2]: UE reports sidelink DRX configuration to its serving gNB, upon receiving sidelink DRX configuration information from the peer UE. FFS the reporting is after UE accepting the received sidelink DRX configuration. 

Regarding the timing of RX UE reporting to its serving gNB about the SL-DRX operation, we think the serving gNB of RX UE shall not be involved in determining the SL-DRX configurations of a SL unicast link, even when RX UE is in RRC_CONNECTED state. Therefore, it would be OK to have RX UE to report the SL DRX configuration to NW after accepting the received configuration from TX UE.

Proposal 8 
RRC_CONNECTED RX UE reports SL-DRX configuration to its serving gNB after RX UE accepting the received sidelink DRX configuration.

2.3 Other Open Issues for SL-DRX 
It has been discussed in the email discussion [2] about whether mode 2 TX UE shall let its serving gNB determine the SL-DRX configuration. Although the majority view is to align the behavior to mode 1 TX UE to have a unified approach, there are several obvious problems with this:
1. The majority companies just want a “unified” approach. But mode 2 RRC_CONNECTED TX UE can simply follow its IDLE/INACTIVE behavior to determine SL-DRX itself, and this can also be considered as a “unified" behavior for mode 2 UE.
2. Other than that, there are some arguments that “this is to align Uu DRX of TX UE and SL DRX”. But in RAN2#114, RAN2 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.”  So, there is no such a requirement for mode 2 UE to align with Uu DRX.

3. Then, it is quite clear that this requirement will increase signaling overhead and latency for mode 2 UE’s SL DRX operation. 

4. For gNB to make optimal decision about the SL-DRX configurations for this unicast link, it need to understand the traffic profile of the TX UE. So far, the mode 2 TX UE does not need to report this to NW, as it does not need gNB to schedule TX resource. As mode 2 UE still make the autonomous resource selection, there will be a mismatch about gNB’s SL-DRX configuration and UE’s resource selection, as shown in Figure 2. To avoid this problem, the TX UE may also need to report its resource usage and sensing results to gNB, which will add significant signaling overhead.
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Figure 2. gNB-specified DRX configuration mismatch with SL selected grant 

Hence, we think there is no need for mode-2 TX UE in RRC_CONNECTED to  report RX UE’s assistance information for SL-DRX to its serving gNB and obtain SL-DRX configuration for the unicast communication to from its serving gNB.
Proposal 9 
RRC_CONNECTED mode 2 TX UE determining SL DRX configuration w/o gNB involvement should be supported.
After the TX UE made the decision on SL-DRX configuration itself,  it can inform its serving gNB. The UE may include this in a UAI message any time after the decision is made.
Proposal 10  
If mode 2 TX UE self-determines the SL DRX configuration for unicast link, Mode-2 TX UE in RRC_CONNECTED may inform its serving gNB about its decided SL-DRX configuration by including it in UE Assistance information.

Finally, there is one remaining FFS in the agreements for Uu/SL DRX alignment reached in RAN2#114-e [6]. 
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.
Here, we discuss this FFS issue. For the mode 1 UE in RRC_CONNECTED, considering same UE DRX alignment is more reasonable. This is because the mode 1 TX UE needs soliciting SL grants from the gNB during Uu DRX active time. This can be generalized as an “inter-UE alignment” requirement, which is “aligning Uu DRX wake-up time of an in-coverage mode 1 RRC_CONNECTED Sidelink TX UE with the wake-up time of Sidelink RX UE (in-coverage or out of coverage)”.   

For a UE engaged with SL broadcast/groupcast, SL DRX configuration is common for all UEs. The common SL DRX configurations requires that UEs share a common DRX ON duration and active time. So, same UE DRX alignment is applicable for the groupcast/broadcast cases. While Uu C-DRX configuration is completely controlled by the serving gNB of TX UE, its SL DRX configuration for groupcast/broadcast is a common configuration which is shared by UEs in different cells or OOC. Although both configurations are provided by NW, but there is hardly any room to adjust the common SL DRX configurations to align a UE-specific Uu DRX. Hence, we think the general rule is to have gNB adjusting Uu Wake-up time, aiming to align Uu DRX wake-up to SL DRX wake-up time of same UE. This can be a baseline rule. There could be exceptions, which can be further studied.

Proposal 11
For mode 1 RRC_CONNECTED UE engaged with SL broadcast/groupcast, if alignment is desired, in principle, gNB should align the Uu DRX configuration to match the SL DRX configuration. FFS exceptions. 
For SL unicast case, the SL DRX configuration is negotiated via the pair of UEs. We think whether the alignment is needed and how to achieve the alignment can be decided during the PC5-RRC exchange and Uu exchanges between UE and its serving gNB. 

Proposal 12
For mode 1 RRC_CONNECTED UE engaged with SL unicast, if alignment is desired, TX UE incorporated the alignment requirement as QoS latency requirements and shared with the peer RX UE during the SL DRX negotiation procedure. 
In both broadcast/groupcast and unicast case, it is not mandatory for Uu DRX and SL DRX to be aligned. Uu DRX is still to be ultimately decided by gNB primarily for optimizing the tradeoff between Uu traffic latency and Uu radio power savings. The extra considerations of sidelink operations may get this decision-making process overly complicated and yield no feasible solutions. So, we think the alignment shall be on a best-effort basis and shall not sacrifice Uu radio performance. Anyway, SL enhancements can introduce simultaneous mode-1/mode-2 operations to overcome the mode-1 scheduling issue caused by Uu-DRX.

Proposal 13
Uu/SL DRX alignment shall be on a best-effort basis and shall not sacrifice Uu radio performance. 
3. Conclusions 

In this paper, we have discussed the remaining issues on SL DRX, and have the following proposals:

Proposal 1 
Capture “SL DRX Command MAC CE has a lower priority than SL-SCI reporting MAC CE in LCP“ in MAC specification  w/o changing the priority order list in clause 5.22.1.4.1.

Proposal 2 
drx-HARQ-RTT-TimerSL is not supported if sl-PUCCH-Config is not configured.
Proposal 3 
when mode 1 SL grant is not in SL active time of any destination that has data to be sent, UE sends NACK to gNB if initial transmission or retransmission is dropped.
Proposal 4
Slots associated with the announced periodic transmissions by the TX UE are not considered as SL active time of the RX UE.
Proposal 5 
To solve the down-selection among multiple SL_DRX configurations for the same GC/BC L2 destination ID: 
a): onDurations of different PQI set to identical value;
b): DRX cycle can be chosen from the set [T, 2T…, 2nT] as the busiest cycle T used for the PQI corresponding to the most stringent latency requirements.
Proposal 6 
UE behavior for decoding failure is to not (re)start inactivity timer. No further optimization is needed.

Proposal 7 
How MAC layer provide “active time” to PHY layer should be specified.
Proposal 8 
RRC_CONNECTED RX UE reports SL-DRX configuration to its serving gNB after RX UE accepting the received sidelink DRX configuration.

Proposal 9 
RRC_CONNECTED mode 2 TX UE determining SL DRX configuration w/o gNB involvement should be supported.

Proposal 10  
If mode 2 TX UE self-determines the SL DRX configuration for unicast link, Mode-2 TX UE in RRC_CONNECTED may inform its serving gNB about its decided SL-DRX configuration by including it in UE Assistance information.

Proposal 11
For mode 1 RRC_CONNECTED UE engaged with SL broadcast/groupcast, if alignment is desired, in principle, gNB should align the Uu DRX configuration to match the SL DRX configuration. FFS exceptions. 
Proposal 12
For mode 1 RRC_CONNECTED UE engaged with SL unicast, if alignment is desired, TX UE incorporated the alignment requirement as QoS latency requirements and shared with the peer RX UE during the SL DRX negotiation procedure. 
Proposal 13
Uu/SL DRX alignment shall be on a best-effort basis and shall not sacrifice Uu radio performance. 
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