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1. Introduction
In RAN2#113bis-e [1], RAN2 has made progress on SL DRX timers and Uu/SL DRX alignments. However, there are still a couple of remaining issues which need further discussion, which include:

1. Configuration and usage of SL HARQ RTT timer 
2. SL DRX Active Time

3. Uu/SL DRX alignment for the same UE or different UE

In this paper, we discuss those issues one by one in section 2 and summarize our proposals in section 3.
2. Discussions
2.1 Configuration of SL HARQ RTT timer
The following agreements have been reached in RAN2#113bis-e. 
Agreements on SL HARQ RTT Timers

1:  SL HARQ RTT timer and SL HARQ retransmission timer are maintained per SL HARQ process at the RX UE.

2. 
Working assumption: SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource. FFS whether explicitly configured SL HARQ RTT timer may be still required. If big problem is identified next meeting, we can revisit it.

3. 
The value(s) of the SL HARQ RTT Timer, when explicitly configured and not determined via SCI (if agreed to do so), is determined by UE or NW implementation.

4.  For unicast, sidelink retransmission timer can be supported for at least some cases of HARQ disabled transmissions. FFS whether HARQ RTT is supported or not.
5:
For transmissions with HARQ feedback, the RX UE starts the SL HARQ RTT timer in the symbol/slot following the end of PSFCH transmission.

6:
If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g. due to UL/SL prioritization) the RX UE still starts the HARQ RTT timer in the symbol/slot following the end of PSFCH resource.

7:
For cases where there is some uncertainty in the timing of a retransmission for a HARQ process (e.g. due to no retransmission resource indicated in the SCI, or possible reselection by the TX UE) the RX UE uses a configured retransmission timer.

8:
Retransmission timer can be started upon expiry of the HARQ RTT timer.

9:
The value(s) of the SL retransmission timer can be determined by UE or NW implementation.

There is some controversial regarding the working assumptions above for deriving the timer value for SL DRX HARQ RTT timer based on SCI, or if explicitly configured value is still needed. Based on RAN2 agreements, a Sidelink RX UE is supposed to maintain a SL HARQ RTT timer per SL HARQ process per src/dst address pair, based on its SL-DRX configuration. Depending on the circumstances of SL HARQ process, there are three possible options for a RX UE to handle this SL HARQ RTT timer.
Option 1 is the explicit configuration of HARQ RTT timer. This is based on when the next transmission can occur in the earliest time and then UE need to be configured with the HARQ RTT timer value correspondingly. As shown in Figure 1, from the perspective of an RX UE, there are three possible options (1A, 1B or 1C) for this configuration, depending on which TX resource allocation mode is used to get new SL grant for retransmission, and also depending on whether HARQ feedback is enabled.
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Figure 1. Potential SL HARQ RTT timer values for explicit configuration
1. The SL HARQ RTT timer is started with its value explicitly configured in SL-DRX configuration as HARQ RTT timer can be running during the time gap in one of the following: 
1A: PSFCH processing time and SL retransmission preparation time, as part of the the minimum time gap defined by RAN1 (i.e., “b” part in gap Z=a+b in RAN1 agreement [3])
1B: time gap based how fast a new SL grant can be allocated in mode 1 by interacting with gNB.
1C: based on the time gap for PSFCH processing + PUCCH transmission + PUCCH processing.

Option 1 is only needed for the case that when retransmission time is not indicated in SCI so that a new DG (dynamic grant) is to be allocated or reserved. Otherwise, Option 2 can be used:  
2. The SL HARQ RTT timer is started with its value derived from the SCI of the received TB which indicates the resource reserved for retransmission.
Finally, we think there is another option 3 that the UE does not have any chance of power saving due to RTT time could be as low as 0:
3. The SL HARQ RTT timer is not started at all, equivalent to setting the timer value as 0 (in regardless of which value is configured in SL DRX configuration).
For the Option 2 above, there is a view that deriving RTT value from SCI is not feasible because mode 2 resource reserved may be reselected after preemption. I think this does not invalidate Option 2, based on the following reasons:
1. Preemption is not always used. It is not used by mode 1 TX UE. Even for mode 2 TX UE, it can be turned on/off per TX pool and may be only used for certain SL priorities. For cases w/o preemption, the RX UE can be certain that no retransmission will occur before the SCI-indicated ReTx slot.
2. For SL unicast, the TX UE and RX UE need exchange information to determine SL HARQ-related DRX configurations. TX UE need share TX resource allocation mode (mode 1 or mode 2), the preemption configuration in TX pool with the RX UE when negotiating the SL-DRX configurations. So, RX UE can be very sure whether a preemption is used or not.
3. Even if preemption is used by mode 2 TX UE, it only adds a bit uncertainty by T3, because the preemption only occurs at m-T3, where m is the slot reserved for retransmission in SCI. RX UE can still safely assume that a minimum RTT value of m-T3 is guaranteed. Actually, when preemption is used, due to the very short gap T3, the reselection is very unlikely to select a resource earlier than slot m. 

Based on the above considerations, we think it is very clear that as long as retransmission resource are indicated in SCI, then UE can safely derive the RTT timer value based on SCI information. There is no need for use explicitly configured value in this case.
Proposal 1  
RAN2 confirms the WA that SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource.
Then, regarding the exact value to be used for this SL HARQ RTT timer in the above case, we propose two different ways for UE procedure:
Proposal 2  
When preemption is not allowed, SL HARQ RTT timer is started with the value covering the time gap between SCI and SCI-indicated retransmission slot. 
Proposal 3  
When preemption is allowed or RX UE is not sure whether preemption is allowed or not in TX UE, SL HARQ RTT timer is started with the value which covers the time gap between SCI and “SCI-indicated retransmission slot minus T3”.
For option 3, as discussed in [2], this can be used in the scenario that “A TX UE may send SCI with no retransmission resources, and then send the retransmission in a new grant following the SCI”. When HARQ is disabled, two adjacent (re)transmissions may be consecutive, then the HARQ RTT timer should not be started/supported in this case, i.e., the value of RTT timer equals to zero. This is applicable to mode 2 case, as we assume mode 1 TX UE will need some extra time to solicit new retransmission resource to be allocated by gNB (e.g., by PUCCH). In this case, the retransmission will still occur at any time, so RX UE need start a SL HARQ retransmission timer to keep RX UE in SL DRX active state.

Proposal 4  
If RX UE knows the HARQ FB-disabled transmission w/o SCI indicated ReTx resource is from mode 2 TX UE, SL HARQ RTT timer is not started but a SL HARQ retransmission timer is started instead.
With the above proposals, we summarize all the HARQ RTT cases and corresponding timer handling in Table 1 below.

	TX UE RA mode 
	HARQ Feedback 
	SCI-indicated ReTX
	How to start RTT Timer

	Mode 1


	FB Disabled


	Yes
	2

	
	
	No
	1B 

	
	FB Enabled


	Yes
	2

	
	
	No
	1C

	Mode 2


	FB disabled


	Yes
	2

	
	
	No
	3

	
	FB enabled


	Yes
	2 

	
	
	No
	1A


Table 1
 Scenarios for SL HARQ RTT Timer usage
For all the cases where an explicitly configured SL HARQ RTT timer value is to be used, as shown in the last column as 1A/1B/1C in Table 1. Here, we assume the UE implementation can choose the appropriate value (1A vs. 1B vs. 1C) for SL unicast case, because both TX UE and RX UE can know the TX resource selection mode (mode 1 vs. mode 2). This SL unicast configuration case was manifested as part of the following agreement:
The value(s) of the SL HARQ RTT Timer, when explicitly configured and not determined via SCI (if agreed to do so), is determined by UE or NW implementation.
But for SL groupcast case, the SL DRX configuration is commonly configured by gNB or in pre-configuration. There is no inter-UE signaling to exchange between TX UE and RX UEs. RAN2 specification may need provide some guidance on how this explicit value is configured. This is because TX UE and RX UE(s) in different cells or in out-of-coverage need to be commonly configured with the same HARQ RTT timer value  to ensure inter-operability. If an RX UE is configured a value longer than the time needed for a TX UE to obtain/select a SL grant for retransmission, the RX UE will miss the SL HARQ retransmission. So, the principle is to let RX UE assume the worst case (shortest time gap), when the RX UE does not know which TX mode is used. Usually mode 2 retransmission is faster than mode 1 retransmission because it does not need interact with gNB. Hence, we propose the baseline solution for SL groupcast case configuration by assuming TX UE is using mode 2: which means Option 3 is used for HARQ FB disabled case and Option 1A is used for HARQ FB enabled case.

Proposal 5  
For SL Groupcast with HARQ FB disabled, if there is no SCI indicated ReTx resource, SL HARQ RTT timer value configured in DRX configuration is ignored. RX UE starts SL HARQ retransmission timer directly.
Proposal 6  
For SL Groupcast with HARQ FB enabled, if there is no SCI indicated ReTx resource, SL HARQ RTT timer value configured in DRX configuration is equal to the time gap needed for PSFCH processing.
However, there is a caveat for “PSFCH processing time” in P6, because we need NW to (pre-)configure the SL HARQ RTT timer value in common DRX configuration based on this time, but RAN1 [3] has agreed that:

‘b’ is a time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time and is determined by UE implementation
Basically, different SL UEs may have different PSFCH processing time ‘b’. It is unclear that how NW configured this UE-specific value by NW implementation.
Proposal 7  
RAN2 discuss how to specify the PSFCH processing time as the basis for SL HARQ RTT timer value for SL groupcast DRX configuration. This cannot be left to NW implementation.
2.2 SL Active Time

Some agreements have been reached on the SL DRX active time based on the discussion in Post113bis-e#703 [2] :

Agreements on SL DRX Timers

1: 
The RX UE’s active time includes the time in which sl-drx-on-DurationTimer is running
2:
The SL active time of the RX UE includes the time in which any of its applicable sl-drx-OnDuration(s), sl-DRXInactivityTimer(s), or sl-drx-RetransmissionTimer(s) are running.

3. 
Working assumption: The slots when the UE is expected CSI report following a CSI request is considered as SL active time.
One remaining issue is whether “the slots associated with announced periodic transmissions by the TX UE (i.e. in the SCI)” shall be regarded as active time by RX UE. Our understanding is that that resource reservation in SCI is destination-agnostic and cast-type agnostic. The SL grant may be aggressively reserved by a UE to support multiple different SL destinations, e.g., reserving one slot every 20ms, even when the traffic interval for the traffic to each SL destination is still 100ms. So, the SCI-indicated future slot after 20ms may not be used by TX UE to transmit another MAC PDU to the same ProSe Destination. Hence, it may not be a faithful indicator of future periodic transmissions to the same destination UE. As a result, RX UE may be false alarm to stay ACTIVE. Logically, RX UE shall still follow the inactivity timer and DRX pattern negotiated between the two UEs, w/o need of paying attention to this “reservation”.
Proposal 8  
Slots associated with announced periodic transmissions by the TX UE (i.e. in the SCI) should not be regarded as active time.
Regarding the working assumption for the CSI request is indicated in SCI and still pending, the time waited till the reception of CSI Report shall be regarded as active time, which is similar to the pending SR in Uu case.
Proposal 9  
RAN2 confirms the WA that the time when a SL UE with a pending CSI request should be regarded as active time.

2.3 Uu/SL DRX Alignment 

RAN2 has reached the following agreements based on offline discussion on Uu/SL DRX alignment [4]. 
Agreements on alignment between Uu DRX and SL DRX

1: 
Alignment of Uu DRX and SL DRX for unicast is supported. FFS on how alignment is achieved.

2:
Alignment of Uu DRX and SL DRX for groupcast and broadcast is supported. FFS on whether new mechanisms are needed.

3:
Alignment of Uu DRX and SL DRX for UE in RRC CONNECTED shall be a baseline.

4:
The alignment of Uu DRX and SL DRX of the same UE shall be considered.

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”. This somehow is reflected in the agreements as below:
· Alignment of Uu DRX and SL DRX for UE in RRC CONNECTED shall be a baseline.

· The alignment of Uu DRX and SL DRX of the same UE shall be considered.
However, the meaning of the above agreements needs to be further clarified. Frist, for an RRC_CONNECTED mode 2 UE, it is still unclear why the wake-up time of Uu DRX and SL DRX needs to be aligned. If the SL RX and Uu RX use different RX chains, those RX operations can occur largely independent. Although mode 2 UEs send SidelinkUEInformaiton to gNB, but that is of a very slow-loop change and triggered in an on-demand basis. The transmission of SUL does not need to be timely-coupled with MAC-layer DRX operation.
On the other hand, If the UEs have a shared RX chain, then there would be some concern that crowding all RX receptions in the same common DRX onDuration will backfire and increase the chances of collision and packet loss. Instead, maybe the non-overlapping alignment as shown in Figure 2 (a) or (b) make more sense:
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Figure 2. Non-overlapping alignment of Uu DRX and SL DRX

Someone may argue 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 RAN2#112e [5] :

	( 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. In overall, we think RAN2 need further clarify if the same UE DRX alignment is really needed for a mode-2 RRC_CONNECTED UE.

Proposal 10  
RAN2 further discuss the justification of alignment of Uu DRX and SL DRX of the same mode-2 RRC_CONNECTED UE.

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 SL DRX configuration issue and we have the following proposals:

Proposal 1  
RAN2 confirms the WA that SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource.
Proposal 2  
When preemption is not allowed, SL HARQ RTT timer is started with the value covering the time gap between SCI and SCI-indicated retransmission slot. 
Proposal 3  
When preemption is allowed or RX UE is not sure whether preemption is allowed or not in TX UE, SL HARQ RTT timer is started with the value which covers the time gap between SCI and “SCI-indicated retransmission slot minus T3”.
Proposal 4  
If RX UE knows the HARQ FB-disabled transmission w/o SCI indicated ReTx resource is from mode 2 TX UE, SL HARQ RTT timer is not started but a SL HARQ retransmission timer is started instead.
Proposal 5  
For SL Groupcast with HARQ FB disabled, if there is no SCI indicated ReTx resource, SL HARQ RTT timer value configured in DRX configuration is ignored. RX UE starts SL HARQ retransmission timer directly.

Proposal 6  
For SL Groupcast with HARQ FB enabled, if there is no SCI indicated ReTx resource, SL HARQ RTT timer value configured in DRX configuration is equal to the time gap needed for PSFCH processing.

Proposal 7  
RAN2 discuss how to specify the PSFCH processing time as the basis for SL HARQ RTT timer value for SL groupcast DRX configuration. This cannot be left to NW implementation.

Proposal 8  
Slots associated with announced periodic transmissions by the TX UE (i.e. in the SCI) should not be regarded as active time.
Proposal 9  
RAN2 confirms the WA that the time when a SL UE with a pending CSI request should be regarded as active time.

Proposal 10  
RAN2 further discuss the justification of alignment of Uu DRX and SL DRX of the same mode-2 RRC_CONNECTED UE.

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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