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Introduction
In this contribution, we discuss the remaining issues for the sidelink DRX configuration for unicast, groupcast, and broadcast including the content of SL DRX assistance information, the triggering conditions of SL DRX configuration failure/rejection, the alignment between SL resource and SL DRX configuration, the handling of HARQ feedback disabled transmission and PSFCH transmission failure, and the SL DRX parameters derivation. 
Discussion
1.1. SL DRX configuration
2.1.1 The content of SL DRX assistance information
In TX UE centric DRX configuration mechanism, the resource allocation for SL services is either determined by TX UE or by the TX UE’s serving gNB, so it is convenient to adapt SL DRX configuration to the SL resource allocation by scheduling the SL grants within the active time of the RX UE as much as possible to ensure the transmission performance of data. Nevertheless, due to “M-to-1” nature of SL, one RX UE may perform SL communications with multiple TX UEs simultaneously. Since it is not possible to negotiate among the TX UEs, the ”wake up” time configured by these TX UEs may spread over the whole time domain, leading to DRX unrealized at all. To overcome this disadvantages of the TX centric mechanism, some coordination can be considered that, the assistance information is transmitted from RX UE to TX UE and the TX UE determines the DRX configuration while taking the assistance information into account. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN2#115e meeting, it was agreed that for SL unicast, RX UE may include its desired SL DRX configuration in the assistance information which is transmitted to TX UE, and the scope of the [POST115-e][716][V2X/SL] Identified FFS/open issues (CATT)  include “6) what information is included in the assistance information from RX UE to TX UE? ”.  However, in the corresponding email discussion, only the content of desired SL DRX configuration is discussed, without touching the issue of what information other than desired SL DRX configuration could be included in the assistance information.  Actually, some other information can also assist TX UE or its serving gNB to determine a suitable SL DRX configuration, which includes the Uu DRX configuration of RX UE, configured SL DRX configurations for other SL connections of the RX UE, the SL DRX configurations configured for its RX UE(s), and the power saving requirement of RX UE (e.g., whether power saving enhancement is required by the RX UE). Specifically, before RX UE is configured by TX UE with SL DRX, it may has been configured by its gNB with Uu DRX. Considering both Uu DRX and SL DRX will impact the power consumption of RX UE, it is better to make the active time of the SL DRX to overlap with that of the RX UE’s Uu DRX as much as possible. Thus, it is necessary for RX UE to provide its Uu DRX configuration to TX UE for SL DRX configuration determination. Moreover, to reduce the RX UE’s power consumption further, it is reasonable for the TX UE to take the assistance information of the configured SL DRX configurations for other SL connections of the RX UE into account to make the active time of the SL DRX configuration to overlap with that of the RX UE’s other SL DRX configurations as much as possible, as well as ensuring the transmission performance of data. Besides, sometimes a UE can be both RX UE and TX UE, in which case aggregating the reception and transmission in time domain can extend the continuous sleep time and thus can increase the deep sleep time. So for a SL connection between UE A (TX UE) and UE B (RX UE),  it is necessary for UE B to provide the SL DRX configurations configured for UE B’s RX UE(s) to UE A to help determining the SL DRX configuration of this SL connection. Additionally, the assistance information of the power saving requirement of RX UE can be used by the TX UE to adapt to the real-time situation in RX UE. For instance, when the RX UE’s battery level is low, the RX UE can indicate power saving requirement or a high power saving demand to the TX UE and thus the TX UE should set a “power-saving boosting” SL DRX configuration (e.g. reduce the value(s) of onduration, inactivity timer and/or retransmission timer) or try to avoid an aggressive SL DRX configuration in order to save the RX UE’s power. By contrast, when the RX UE’s battery level is high enough, the RX UE can indicate a low power saving demand or even no power saving requirement to the TX UE, and in this case the TX UE can conduct an aggressive SL DRX configuration (e.g. increase the value(s) of onduration, inactivity timer and/or retransmission timer) to pursue good transmission performance.
Proposal 1: Apart from desired SL DRX configuration, the SL DRX assistance information can also include the Uu DRX configuration of RX UE, configured SL DRX configurations for other SL connections of the RX UE, the SL DRX configurations configured for its RX UE(s), and the power saving requirement of the RX UE.
2.1.2 The triggering conditions of SL DRX configuration failure/rejection in RX UE
In RAN2#115e meeting, the following agreements was achieved:
4:	For unicast, a two-step process (i.e., RX UE accepts or rejects TX UE’s suggestion) is adopted as a baseline, i.e., FFS on the following TX/RX UE behaviours when reject happens.
	• Step 1: TX UE sends RRCReconfigurationSidelink containing a SL DRX configuration to be applied by RX UE to RX UE
	• Step 2: RX UE replies with a PC5-RRC signalling indicating acceptance or rejection for the SL DRX configuration. FFS on whether the new rejection cause for SL DRX needs to be defined. FFS on whether RRCReconfigurationFailureSidelink or RRCReconfigurationCompleteSidelink is used in Step 2.
However, it is still open about how the RX UE determines SL DRX configuration failure/rejection. Considering in Uu both RLF and RRC reconfiguration failure have their specific triggering conditions in the specification, the triggering conditions of SL DRX configuration failure/rejection can also be specified. Since the main intention of defining SL DRX configuration failure/rejection is to enable RX UE to pursue its interest of “UE power saving”, a natural way of specifying the triggering conditions of SL DRX configuration failure/rejection is to consider the conflicts between the received SL DRX configuration from TX UE and the elements included in the SL DRX assistance information. In particular, if the received SL DRX configuration does not match the current values of the elements included in the SL DRX assistance information, the RX UE can determine SL DRX configuration failure/rejection. Among our proposed elements included in the SL DRX assistance information in Proposal 1, the Uu DRX configuration of RX UE can be adjusted by RX UE’s serving gNB, so it can be excluded. Therefore, we have the following proposal:
Proposal 2: RAN2 to discuss the following triggering conditions of SL DRX configuration failure/rejection in RX UE:
- The received SL DRX does not match the desired SL DRX of the RX UE
- The received SL DRX does not match the configured SL DRX(s) for other SL connection(s) of the RX UE
- The received SL DRX does not match the SL DRX configuration(s) configured for its RX UE(s)
- The received SL DRX does not match the power saving demand of the RX UE.
1.2. SL DRX timers related behaviours
2.2.1 The handling of HARQ feedback disabled transmission
 In RAN2#115e meeting, it was agreed that HARQ RTT is supported for both HARQ enabled and HARQ disabled cases by allowing HARQ RTT timer to be set to different values. For a HARQ feedback disabled SCI reception, if the data is not decoded successfully by RX UE, similar to the procedure in Uu DRX, RX UE can start the corresponding retransmission timer upon HARQ RTT timer expiry. If the data is decoded successfully by RX UE, RX UE will not start the corresponding retransmission timer upon HARQ RTT timer expiry. However, as SL HARQ feedback is disabled, TX UE does not know whether or not the data is decoded successfully by RX UE. In other words, in SL DRX, TX UE is not able to know the retransmission timer status in RX UE for a HARQ feedback disabled SL process. In R16 V2X, when mode 1 is adopted by TX UE and a transmitted SCI indicates HARQ feedback disabled, the TX UE, based on its own decision, may still request retransmission resources from the gNB for the transmission of the TB related to this SCI. In the case when TX UE requests retransmission resources from the gNB, it is natural that TX UE will start the retransmission timer for the corresponding SL process in SL DRX, and thus assume RX UE is in active time when retransmission timer in TX UE is running. Based on the agreements in the RAN2#115e meeting, for unicast the TX UE selects the resources for the initial transmission/retransmission associated with any active time (e.g. on duration timer or inactivity timer, or retransmission timer) at the RX UE. Accordingly, if the corresponding retransmission timer in SL DRX does not start in RX UE, the RX UE may experience packet loss if TX UE transmit the packets of other SL processes.  This issue can be depicted in the following figure:
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Figure 1. The packet loss issue when SL HARQ feedback is disabled
When mode 2 is adopted by TX UE, blind retransmission may be performed for the HARQ feedback disabled SL process, yet in this case TX UE also does not know whether or not the data is decoded successfully by RX UE and thus the above packet loss may also happen. 
Observation 1: When mode 1 or mode 2 is adopted, if a SCI indicates HARQ feedback disabled, the corresponding SL retransmission timer in TX UE may not be aligned with that in RX UE, which may lead to packet loss in RX UE.
For the case when mode 2 is adopted, it is expected that in most cases, each blind retransmission resource(s) will be indicated in the prior SCI, so if RX UE receives a SCI indicating both HARQ feedback disabled and the subsequent blind retransmission resource(s), RX UE can start retransmission timer upon HARQ RTT timer expiry regardless of whether or not the data is decoded successfully. In this way, the packet loss in RX UE caused by disabled HARQ feedback can be avoided.
For the case when mode 1 is adopted, if the TX UE informs RX UE about whether TX UE will request retransmission resource for a HARQ feedback disabled SL process, the RX UE can adopt proper handling of the corresponding retransmission timer. Specifically, if the TX UE indicates to RX UE that TX UE will request retransmission resource for a HARQ feedback disabled SL process, RX UE should start retransmission timer upon HARQ RTT timer expiry even the data is decoded successfully. If the TX UE indicates to RX UE that TX UE will not request retransmission resource for a HARQ feedback disabled SL process, RX UE should start retransmission timer upon HARQ RTT timer expiry only if the data is not decoded successfully. In this way, the above packet loss problem caused by HARQ feedback disabled can be avoided. Considering the (re)start of SL DRX timers mainly depend on SCI reception, the most effective way is indicating about whether TX UE will request retransmission resource for a HARQ feedback disabled SL process via SCI. In light of the possible RAN1 impact, we can also consider a “no RAN1 impact” approach:  if RX UE receives a SCI indicating HARQ feedback disabled, RX UE starts retransmission timer upon HARQ RTT timer expiry in SL DRX regardless of whether or not the data is decoded successfully. No matter TX UE adopts mode 1 or mode 2, this method can avoid the above packet loss problem caused by HARQ feedback disabled.
Proposal 3: RAN2 to discuss the following two methods to avoid the packet loss in RX UE caused by SL HARQ feedback disabled:
- Option 1: When, in mode 1, the RX UE receives the indication that the TX UE will request retransmission resource for a HARQ feedback disabled SL process, or when, in mode 2, RX UE receives a SCI indicating both HARQ feedback disabled and the subsequent blind retransmission resource(s), RX UE starts the corresponding retransmission timer in SL DRX upon HARQ RTT timer expiry regardless of whether or not the data is decoded successfully.
- Option 2: If RX UE receives a SCI indicating HARQ feedback disabled, RX UE starts retransmission timer in SL DRX upon HARQ RTT timer expiry regardless of whether or not the data is decoded successfully.
2.2.2 The handling of PSFCH transmission failure
In RAN2#113bis-e meeting, we have the following agreement:
23:	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.
If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g., due to UL/SL prioritization), TX UE will not receive the PSFCH/SL HARQ feedback for this transmission and will send NACK to TX UE’s network. In a following ‘specific period’ TX UE’s gNB will schedule the grants for SL transmission which may include the retransmission corresponding to the unreceived PSFCH, the SL retransmission corresponding to other SL process, or SL initial transmission corresponding to other SL process. If RX UE did not decode data successfully but a NACK wasn’t transmitted, e.g., due to UL/SL prioritization, similar to the approach in Uu DRX, the RX UE will start the corresponding retransmission timer in SL DRX, so RX UE will not miss the SCI from TX UE if TX UE utilizes the abovementioned received SL grant for SL initial transmission and retransmission corresponding to other SL process. However, if RX UE decoded data successfully and an ACK wasn’t transmitted, e.g., due to UL/SL prioritization, similar to the approach in Uu DRX, the RX UE will not start the corresponding retransmission timer in SL DRX and may experience packet loss if TX UE’s network schedules the grants for the SL retransmission or new SL transmission corresponding to other SL process, as TX UE does not know that RX UE has not started retransmission timer in SL DRX. Basically, the reason of packet loss is that for the SL process where RX UE does not transmit PSFCH due to UL/SL prioritization, SL retransmission timer in TX UE may not be aligned with that in RX UE, and that the assumed RX UE active time by TX UE and the actual RX UE active time are not aligned.
Observation 2: If RX UE does not transmit PSFCH for a HARQ enabled SL process (e.g. due to UL/SL prioritization), the assumed RX UE active time by TX UE and the actual RX UE active time may be not aligned, which can lead to packet loss in RX UE.
To avoid the above packet loss in RX UE, , RX UE should be awake in the aforementioned ‘specific period’ regardless of whether the data corresponding to the unsent PSFCH was decoded successfully or not. In other words, if the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g., due to UL/SL prioritization), and HARQ RTT timer expires, the RX UE should always start retransmission timer regardless of whether the data corresponding to the unsent PSFCH was decoded successfully or not. Note that in [POST116-e][716 slightly more companies prefer to follow legacy approach, i.e., to start retransmission timer only if the data corresponding to the unsent PSFCH was not decoded successfully. However there are no technical arguments provided to support following the legacy approach. We propose RAN2 can have a bit more discussion now that the above issue is further explained. 
Proposal 4: If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g. due to UL/SL prioritization), and HARQ RTT timer expires, the RX UE starts retransmission timer regardless of whether the data corresponding to the unsent PSFCH was decoded successfully or not.
2.2.3 The handling of different reception status among RX UEs in SL groupcast
It has been agreed that both retransmission timer and HARQ RTT timer are introduced in DRX for SL groupcast. In a scenario as shown in the figure below: For an SL process 1 used by the groupcast transmission, we assume that RX UE A decodes the data successfully, and thus sends ACK to TX UE and does not start retransmission timer for the SL process after the corresponding HARQ RTT timer expires; by contrast, RX UE B does not decode the data successfully, and thus sends NACK to TX UE and starts retransmission timer for the SL process after the corresponding HARQ RTT timer expires. Assuming the DRX status for this SL groupcast transmission is maintained in TX UE, TX UE will start, upon the corresponding HARQ RTT timer expiry, a timer corresponding to the retransmission timer for the SL process when it receives NACK from RX UE B. 
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Figure 2: The behaviours when retransmission timer is introduced in the DRX for SL groupcast
Similar to the approach in Uu DRX, TX UE may schedule the subsequent data transmission for any of the currently existing SL processes, as it would assume the retransmission timer of the peer UE is running. However, since the retransmission timer corresponding to this SL process 1 was not running at RX UE A, if TX UE in this case schedules retransmission of another SL process or initial transmission of any SL process, RX UE A may suffer from packet loss of that SL process. This issue is caused by the misaligned DRX timer status among the multiple UEs in the same group, and such misalignment is in nature inevitable along with the introduction of HARQ RTT timer and retransmission timer into SL groupcast. Note that this issue is different from the previous discussed issue of inactivity timer mismatch between TX UE and RX UE, where the reason is that RX UE mis-detects the SCI for new transmission from TX UE and thus does not start inactivity timer, while TX UE start inactivity timer after the SCI transmission. For a group of UEs that perform SL groupcast such as in platooning, the mis-detection probability of SCI could be relatively low (with better PHY protection by NR design) and the mismatch of inactivity timers between TX UE and RX UE won’t be critical for the transmission performance. By contrast, for the issue here, RX UE does detect the SCI from TX UE, while the retransmission timer mismatch between different RX UEs in the same group comes from the different status of RX UEs on whether the data are decoded successfully or not. It is understandable that such mismatch among different RX UEs in a group could be quite common. 
Observation 3: When SL DRX is adopted in groupcast, the retransmission timer status among the multiple UEs in the same group may be misaligned, which may lead to packet loss in RX UE(s).
To avoid the occurrence of such packet loss as shown above, a simple method is to specify that initial transmission is only allowed during the time when onduration timer or inactivity timer is running, and retransmission of a SL process is only allowed during the time when onduration timer, inactivity timer, or the retransmission timer of this SL process is running. For a SL process, the reason why the retransmission is allowed during the time when the retransmission timer of this SL process is running is that, the retransmission is useful for only the RX UE(s) that has not successfully decoded the corresponding data, i.e. the RX UE(s) that start(s) the retransmission timer of this SL process.
Proposal 5:  For SL groupcast, initial transmission is only allowed during the time when onduration timer or inactivity timer is running, and retransmission of a SL process is only allowed during the time when onduration timer, inactivity timer, or the retransmission timer of this SL process is running
2.2.4 The handling of SL DRX timers calculated in the unit of physical slot

In RAN2#116-e meeting, we have the following agreement:
4:	The SL DRX timers should be calculated in the unit of physical slot. FFS whether the case may happen that no SL slots are available in UE’s active time and whether/how to solve it.
We agree on the case may happen that no SL slots are available in UE’s active time when SL DRX timers are calculated in the unit of physical slot, which is similar to the problems in physical slot-based CG resource equation discussed in NR R16 V2X. The detailed analysis is as follows.
For a SL connection, apart from the slots in the (pre)configured SL resource pool(s), there are several kinds of slots that cannot be used to perform the SL data transmission for this SL connection, such as non SL slots, SL SSB slots, SL reserved slots, and SL slots that belongs to other SL resource pool(s) of other SL connections. Hereafter, we define that for a SL connection, the slots in the (pre)configured SL resource pool(s) of this SL connection are the “available slot” corresponding to this SL connection. Take onduration timer for instance, it has been agreed in RAN2#116-e meeting that: 
5:	Similar to Uu, the start of SL-DRX cycle is calculated by the following formula:
	[(DFN × 10) + subframe number] modulo (sl-drx-Cycle) = sl-drx-StartOffset
So for a SL connection, if we calculate onduration timer in the unit of physical slot, i.e., considering both available slot and other slots, the start of on-duration in SL DRX can be illustrated as follows:
[image: ]
Figure 3. The on-duration in SL DRX when both available slot and other slots (i.e. physical slot) are considered
The above illustration is based on the following assumptions.
Table I: the parameters assumptions for SL DRX
	SCS
	15KHz

	SL DRX cycle
	10ms

	SL on-duration timer
	1ms

	SL drx-StartSlotOffset
	3ms

	SL drx-SlotOffset
	0


According to the above figure, the on-duration in both the first and third SL DRX cycle falls into non SL slots, which means that the RX UE will not receive any expected SCI in both the first and third SL DRX cycle. Moreover, if we extend on-duration timer to two or more milliseconds, the problem becomes that the start of on-duration in some SL DRX cycles falls into non SL slots, or the available slots in the on-duration of some SL DRX cycles may be very limited. If the TX UE cannot acquire the proper SL resource in the limited available slot of on-duration, the TX UE have to wait for a SL DRX cycle, which impacts the SL service delay performance. Therefore, if we follow the principle of Uu DRX and considering both its corresponding available slot and other slots, the SL service delay performance may get worse. Moreover, it is easy to understand that this problem may also happen when inactivity timer and retransmission timer are calculated in the unit of physical slot. Note that RX UE does not have to monitor SCI due to the running of HARQ RTT timer, so there is no problem for HARQ RTT timer.
Observation 4: When the SL DRX timers are calculated in the unit of physical slot, i.e., determine the SL DRX timers of a SL connection considering both the available slots corresponding to this SL connection and other slots, the SL service delay performance may get worse.
To overcome the above problem when using physical slot, we can consider the following solutions:
- Option 1: allow to extend the running time of onduration/inactivity/retransmission timer when the number of “available slots” during the original running of onduration/inactivity/retransmission timer is smaller than a threshold or the number of “unavailable slots” during the original running of onduration/inactivity/retransmission is larger than a threshold, in order to reduce or avoid the impacts on the SL service delay performance. 
- Option 2: if the start time of onduration/inactivity/retransmission timer does not lie within available slot, delay the start time to the nearest available slot.
Proposal 6: When the SL DRX timers are calculated in the unit of physical slot, the following solutions can be considered to overcome the SL service transmission performance degradation problem:
- Option 1: allow to extend the SL DRX timer when the number of “available slots” in the original running time is smaller than a threshold or the number of “unavailable slots” in the original running time is larger than a threshold.
- Option 2: if the start time of onduration/inactivity/retransmission timer does not lie within available slot, delay the start time to the nearest available slot.
1.3. SL DRX parameters derivation 
2.3.1 The derivation of HARQ RTT timer value when SCI indicates a retransmission resource
In RAN2#116-e meeting, we have the following agreement:
Agreements on HARQ RTT: 
1:	RAN2 confirms the working assumption: “SL HARQ RTT timer can be derived from the retransmission resource timing when the SCI indicates a retransmission resource”
So the next issue is how to derive the HARQ RTT timer value when SCI indicates a retransmission resource. Note that here “when SCI indicates a retransmission resource” means actually “when the received SCI indicates more than one transmission resource which includes at least one retransmission resource”.
For HARQ feedback enabled case, after RX UE receives a SCI that indicates a retransmission resource, the start time of HARQ RTT timer has been agreed in RAN2#113bis–e meeting that: 
22:	For transmissions with HARQ feedback, the RX UE starts the SL HARQ RTT timer in the symbol/slot following the end of PSFCH transmission.
Then, considering that RX UE should wake up to detect the SCI for the next retransmission, which has been indicated in the previous SCI, the stop time of HARQ RTT timer should be the point before the resource of the next retransmission. Accordingly, for HARQ feedback enabled case, the start and stop time can be depicted in the following figure:
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Figure 4. The start/stop of HARQ RTT timer value when SCI indicates a retransmission resource for HARQ feedback enabled case
Therefore, the value of HARQ RTT timer should be derived by n-k, where n is the time gap between the current transmission resource and the next reserved retransmission resource, and k is time gap between the current transmission resource and the SL HARQ feedback resource.
Proposal 7: For HARQ feedback enabled case, when SCI indicates a retransmission resource, the value of HARQ RTT timer should be derived by n-k, where n is the time gap between the current transmission resource and the next reserved retransmission resource, and k is time gap between the current transmission resource and the SL HARQ feedback resource.
2.3.2 QoS profile-based parameter for SL broadcast/groupcast
In the last meeting, it was agreed that SL-QoS-Profile-r16 is reused for per QoS profile configured BC/GC SL DRX. 
	SL-DRX-GC-BC-QoS-r17    ::=                 SEQUENCE {
[bookmark: OLE_LINK32]    sl-DRX-GC-BC-MappedQoS-FlowList-r17         SEQUENCE (SIZE (1..maxNrofSL-QFIs-r16)) OF SL-QoS-Profile-r16              OPTIONAL,    -- Need M
...
}

SL-QoS-Profile-r16 ::=        SEQUENCE {
    sl-PQI-r16                    SL-PQI-r16                                                  OPTIONAL,   -- Need R
    sl-GFBR-r16                   INTEGER (0..4000000000)                                     OPTIONAL,   -- Need R
    sl-MFBR-r16                   INTEGER (0..4000000000)                                     OPTIONAL,   -- Need R
    sl-Range-r16                  INTEGER (1..1000)                                           OPTIONAL,   -- Need R
    ...
}


For the last meeting RRC running CR open issues discussion, there was not much consideration on the signalling overhead aspect, and the only motivation to follow legacy implementation is presumably for simplicity. However we found the overhead could be significant with this implementation, since the detailed QoS parameters of each QoS profile would need to be listed in the configuration. On the other hand, if the QoS profile is implemented by an index (SL-QoS-ProfileIndex-r17 as below) corresponding to the QoS profile in RB configuration, the number of bits for each QoS profile can be reduced by up to 70. If a QoS profile is not configured in RB configuration, i.e., mapped to the default RB, then SL-QoS-Profile-r16 can be reused. So we think it would make sense to revert the agreement of reusing SL-QoS-Profile-r16 for all QoS profiles in SL DRX configuration. 
	SL-DRX-GC-BC-QoS-r17    ::=                 SEQUENCE {
    sl-DRX-GC-BC-MappedQoS-FlowList-r17         SEQUENCE (SIZE (1..maxNrofSL-QFIs-r16)) OF SL-QoS-Profile-r17              OPTIONAL,    -- Need M
...
}
SL-QoS-Profile-r17 ::=        CHOICE {
    sl-QoS-ProfileIndex-r17       SL-QoS-ProfileIndex-r17,
    sl-QoS-Profile-r16            SL-QoS-Profile-r16
}


Proposal 8: RAN2 to discuss on implementing a QoS profile in BC/GC DRX configuration by an index, if it is also configured in RB configuration.
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK29]2.3.3 DST L2 ID-based parameter for SL broadcast/groupcast
In RAN2#116-e meeting, the derivation of sl-drx-startoffset has achieved the following progress:
9:	RAN2 to select one of the following options to determine the sl-drx-startoffset:
	Option-1: 
	- n=DST L2 ID MOD N, where N is the total number of sl-drx-startoffset values, and n is an index in the N sl-drx-startoffset values.  
	Option-5: 
	- sl-drx-StartOffset (ms) = DST L2 ID MOD sl-drx-LongCycle (ms)
	- FFS: sl-drx-SlotOffset
From our perspective, Option-1 is a generic formula where the outcomes of Option-5 can even be generated using Option-1 meanwhile Option-1 can avoid certain identified technical issues. It is understood that, the intention of deriving sl-drx-startoffset based on DST L2 ID is to alleviate the resource collision between different GC/BC services. However, if the possible values of sl-drx-startoffset are determined by DST L2 ID and sl-drx-Cycle solely as in Option 5, there may be no power saving for an RXUE in some cases. In a simple example, an RX UE has two interested GC/BC services with DST L2 IDs 0 and 40, the value of sl-drx-Cycle for both the two services is 80ms and the value of onduration timer is 40ms: According to Option 5, the derived values of sl-drx-startoffset are 0ms and 40ms respectively and SL DRX configurations would be as below:
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Figure 5. An example of SL DRX configurations using Option-5
The above figure shows that there is no power saving in RX UE. Yet if we use Option 1, we can avoid the above situation when determining the (pre)configured values of sl-drx-startoffset.
Apart from the above problem of no or very limited power saving in some cases, it was also identified that Option-5 has high probability of resource collision in some other cases. Specifically, when the DST L2 IDs of different SL GC/BC services for the same RX UE are very close to each other, the calculated startoffset values are also very close. Consequently, the corresponding ondurations of different SL GC/BC services for the same RX may have high degree of overlapping, which may lead to high probability of resource collision and thus the degradation of SL GC/BC service reception performance. This would be problematic as it defeats the purpose of having “startoffset” and the underlying reason is that in Option-5, the interval of startoffset is limited to 1ms, while the onduration usually is much longer than 1ms. In contrast, if Option-1 is adopted, the N values of startoffset can be (pre)configured with an interval bigger than 1ms, and thus the problem of high probability of resource collision can be avoided. How to determine the N values of startoffset does not have to be specified, i.e., can be up to UE implementation. The key difference between Option 1 and 5 is Option 1 allows UE to determine the N suitable values and avoid the problematic ones. For instance, for the issue of “too close L2 IDs”, the “interval” value can be simply added into the calculation of N suitable sl-drx-startoffset values:
The N suitable values are calculated via UE implementation and used then based on Option 1. In such way, the issues of seemly simple but rigid Option 5 would be avoided.
Observation 5: For the derivation of sl-drx-startoffset for SL BC/GC, Option-1 has advantages in terms of avoiding resource collision and UE power saving issues over Option-5.
Based on the above advantages of Option-1 over Option-5, we have the following proposal:
Proposal 9: the sl-drx-startoffset can be determined with the following equation:
n=DST L2 ID MODE N
where N is the total number of sl-drx-startoffset values, and n is an index in the N sl-drx-startoffset values.  

1.4. The alignment between SL resource and SL DRX configuration
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In legacy behaviour, UE will obtain MAC PDU for a SL grant used for initial transmission. In addition, if UE obtains no MAC PDU for a configured SL grant for initial transmission, UE can continue to obtain MAC PDU for the corresponding SL grants for retransmission. With introduction of SL DRX, the case that a mode-1 SL grant provided by network to TX UE while it is not in SL active time of any destination that has data to be sent has been discussed. It has been agreed that the SL grant for initial transmission not in SL active time is dropped. In other words, UE may also obtain no MAC PDU for a dynamic SL grant for initial transmission. Therefore, it is straight forward that obtaining MAC PDU for SL grants for retransmission can be extended to dynamic SL grant case. 
Proposal 10: UE obtains MAC PDU for a SL grant for a retransmission, if UE obtains no MAC PDU for the corresponding prior SL grant.
For mode 2, it has been agreed that TX UE shall select initial transmission resource only in the RX UE’s active time where SL DRX timers are running now or will be running in future (at least on-duration timer). However, retransmission resource selection in active time will be different from initial transmission. Since the selected initial transmission will cause change of active time due to inactivity timer and retransmission timer before the retransmission is performed, retransmission resource can be selected within active time updated according to the initial transmission. Under the assumption that RTT timer can be derived from SCI indicating more than one resources, a retransmission resource can be selected if it can be indicated by a prior SCI. If a retransmission resource cannot be indicated by a prior SCI, it can also be selected if it is in active time updated according to its prior transmission. Compared to limiting retransmission resource selection in active time determined at current time, selection in updated active time would enable selection within more resources. 
Proposal 11: A retransmission resource can be selected if it is in active time updated according to its prior transmission, or if it can be indicated by a prior SCI.
In addition, resource (re)selection check also needs to be adaptive to SL DRX. For example, if there is no SL grant in the SL active time of the destination that has data to be sent, resource (re)selection is triggered. Another example if the current reserved resources do not fall into the SL DRX active time of any destination, i.e., the current reserved resources do not match the SL DRX of any destination, resource reselection should be triggered. 
Proposal 12: If the current reserved resources do not fall into the SL DRX active time of any destination, or if there is no SL grant in the SL active time of the destination that has data to be sent, resource (re)selection is triggered.
1.5. Handling of message before unicast DRX coordination
In RAN2#116e meeting, regarding the DRX for DCR message, it was agreed that the default SL DRX configuration for BC/GC can be used for the DCR message. FFS for UC (at least for the initial message).
For default SL BC/GC DRX configuration, it is not clear whether default SL BC/GC DRX is always configured by NW (e.g. via SIB or pre-configuration). DCR message transfer can be required at any time, as there is possibility of unicast link establishment at any time for a UE. Thus, the default SL BC/GC DRX configuration should always be configured by NW.
Proposal 13: The default SL BC/GC DRX configuration should always be configured by NW.
Regarding the FFS for UC (at least for the initial message), to be more specific, the other PC5-S messages (SMC, DCA, etc.) that are transmitted between the two UEs for unicast connection establishment, and PC5-RRC message related with UE capability interaction (i.e. UECapabilityEnquirySidelink message and UECapabilityInformationSidelink message), and the first RRCReconfigurationSidelink message (incl. DRX configuration), as shown in the below figure. On the one hand, different from DCR message, they are transferred when a UE has already perceived the possibility for other nearby UE(s) to establish a PC5 RRC connection with it (after sending/receiving DCR to/from others), and must be transmitted using the unicast DST ID(s) associated with the target UE(s). On the other hand, they are still transmitted before the dedicated RRC configuration (incl. DRX configuration) via PC5 RRC signaling is established. Therefore, how to design the DRX for such PC5-S signaling transfer can be further investigated by RAN2. 
For other PC5-S and PC5-RRC messages DRX configuration, two approaches can be considered. Approach 1 is to use the broadcast DRX configuration for DCR message transmission. For these PC5-S and PC5-RRC messages, it may seem strange as these messages are transmitted with unicast DST ID(s) and broadcast DRX configuration cannot handle the setting of e.g. RTT timer, retransmission timer and inactivity timer. Approach 2 is thus to consider to deactivate broadcast DRX for the reception of those PC5-S messages after receiving DCR message and activate unicast DRX configuration when receiving the first RRCReconfigurationSidelink message (incl. DRX configuration). Considering the complexity of handling those timers with a broadcast DRX configuration, it is preferred to “turn off” DRX operation for other PC5-S and PC5-RRC messages. 
[image: ]
Figure 7: Illustration of unicast connection establishment
Proposal 14: RAN2 to adopt Option 2 to transfer other PC5-S message (SMC, DCA, etc.), PC5-RRC message related with UE capability interaction (i.e. UECapabilityEnquirySidelink message and UECapabilityInformationSidelink message), and the first RRCReconfigurationSidelink message (incl. DRX configuration):
· Option 1: Using the same BC/GC DRX configuration for DCR message transmission to transmit these message. 
· Option 2: From RX UE perspective, DRX is deactivated after receiving DCR message and activated when receiving the first RRCReconfigurationSidelink message (incl. DRX configuration)
1.6. Backward compatibility
It was agreed that a Tx profile identifies one or more sidelink feature groups. In Rel-17, the TX profile should only be described SL DRX feature, i.e., whether SL DRX compatible or SL DRX incompatible.
Proposal 15: In Rel-17, TX profile is used to identify being SL DRX compatible or incompatible.
For another FFS on whether a TX profile needs to be provided with service type information or L2 id. According to Rel-16 framework, service type information is transparent to AS, what AS knows and uses is the L2 ID, thus we think a TX profile needs to be provided with L2 ID. Moreover, in S2-2107841,  it was clarified that “the destination L2 ID, the NR Tx Profile and the PC5 QoS parameters are passed down to the AS layer of receiving UE(s) for the reception”, “the source L2 ID, the destination L2 ID, the NR Tx Profile and the PC5 QoS parameters are passed down to the AS layer of transmitting UE for the transmission”. Therefore, for AS layer ,the TX profile is provided with destination L2 ID which was clarified by SA2 already.
Proposal 16: RAN2 to confirm TX profile to be provided with L2 ID.
It is known that DCR message will be associated with L2 ID (or service type), therefore, the DCR message can be linked to TX profile, where the DCR message will be indicated as SL DRX compatible or SL DRX incompatible. UE will decide whether apply SL DRX for DCR message based on associated TX profile, thus the agreed TX profile mechanism can be reused directly for DCR message.
Proposal 17: TX profile mechanism can be reused directly for DCR message.
Next, we will discuss whether “TX profile” is needed to be known at gNB side. As for a Rel-17 TX UE, different DST L2 IDs may be associated with different TX profiles, i.e. one part of DST L2 ID(s) are indicated as SL DRX compatible and some the other part of DST L2 ID(s) are indicated as SL DRX incompatible.
Regarding the aspect of alignment of Uu DRX of TX UE and SL DRX of RX UE, only reporting PQI/L2 ID by TX UE is not enough as the PQI/L2 ID information can only be used to derive the corresponding SL DRX configuration for a specific destination L2 ID, however the gNB should also know whether this specific destination L2 ID enables SL DRX or not when performing the alignment. An extreme case is that TX profiles for all the reported L2 IDs are SL DRX-incompatible, then no alignment between Uu DRX and SL DRX is needed at all. Therefore, we think the TX UE should report the TX profile info associated with destination L2 ID through SUI to assist the gNB to achieve alignment of Uu DRX of TX UE and SL DRX of RX UE, otherwise, the NW has no information on which L2 ID being enabled on SL DRX and may achieve non-ideal alignment based on the assumption e.g. that all the reported L2 IDs are SL DRX-enabled.
Regarding another aspect of SL grant scheduling for TX UE, for the SL transmission corresponding to destination L2 ID applying SL DRX, if the gNB does not know this information, gNB may schedule unsuitable SL grant, i.e. the unsuitable SL grant is not within active time of groupcast or broadcast SL DRX, which may degrade SL communication performance.
Considering to better align the Uu DRX of TX UE and SL DRX of RX UE, and to better schedule SL grant for TX UE’ SL transmission which is restricted by active time of SL DRX, it is suggested to report the TX profile info associated with destination L2 ID in SUI, to let gNB to know the specific destination L2 ID that applying SL DRX or not.
Proposal 18: For Rel-17 TX UE, UE reports TX profile information associated with DST L2 ID in SUI message, to assist the alignment of the Uu DRX of TX UE and SL DRX of RX UE, and to assist the SL transmission of TX UE limited by active time of SL DRX.
1.7. SL-CSI report request impacts on SL DRX
It was agreed that the slots when the UE is expected CSI report following a CSI request is considered as SL active time. However, this may lead to excess extension of active time for the CSI trigger UE. As illustrated in Figure 8, if the UE triggers a CSI report outside the active time of itself, it needs to wake up to receive CSI report. However, the awake time is extended by inactivity timer due to the transmission including CSI report. The active time may be further extended by subsequent data transmissions from peer UE even if the data can be transmitted in the next DRX cycle if CSI report is not triggered. It is not power efficient that the UE wakes up for too long even till next on-duration due to a CSI report trigger. Thus it is proposed that RAN2 considers how to handle the power inefficiency issue due to CSI report request. For example, CSI triggering UE does not start inactivity timer during the slots when UE is expected CSI report and on duration timer is not running. 
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Figure 8 Active time extension due to CSI report request

Proposal 19: CSI triggering UE does not start inactivity timer during the slots when UE is expected CSI report and on duration timer is not running. 
1.8. SL-DRX for L2 relay-related ProSe
In the last meeting, RAN2 confirmed that SL-DRX can be reused for L3 relay-related ProSe communication and discovery without additional specification effort. Some companies have concern on possible additional specification work for L2 relay-related ProSe considering limited time left for Rel-17, and there is no conclusion has been made for L2 relay. For L2 relay-related ProSe discovery, no technical issues seem to exist by reusing SL DRX as L3 relay. The main concern is on L2 relay-related ProSe communication, thus we would like to provide some more discussions on that. 
L2 relay-related ProSe discovery
For L2 relay-related ProSe discovery, the only difference from L3 relay is the content of discovery message. Therefore, it is obvious that SL-DRX can be reused for L2　relay-related ProSe discovery as L3 relay (i.e. by applying SL default-DRX configuration). 
Proposal 20: RAN2 to confirm that SL-DRX can be reused for L2 relay-related ProSe discovery without additional specification effort.
L2 relay-related ProSe communication
From aspects of TX-centric SL DRX configuration signalling and assistance information providing procedure, what are special in L2 relay are that 1) RRC_CONNECTED remote UE and the relay UE are controlled by the same gNB; 2) RRC_IDLE/INACTIVE remote UE camps on the serving cell of the relay UE; 3) RRC_CONNECTED remote UE is not configured with Uu DRX. Since the specific scenarios of 1) and 2) are also included in the non-relay case, so they would not bring any differences. For 3), remote UE as RX UE does not need to provide SL DRX configuration to its gNB for alignment with Uu DRX. Since this signalling is not mandated for RX UE, so it also does not need enhancement. 
Observation 6: TX-centric SL DRX configuration signaling and assistance information providing procedure can be reused for L2 relay-related ProSe communication.
In the last meeting, some companies mentioned that there may be some issue on the paging forwarding for RRC_IDLE/INACTIVE remote UE. However, we think SL DRX for unicast can work for this case based on gNB or UE implementation. 
If relay UE is in RRC_CONNECTED state, gNB can deliver remote UE’s paging to relay UE through dedicated signalling. gNB can configure remote UE’s SL DRX by implementation and the signalling forwarding delay is controlled by gNB. In case relay UE is configured with Uu DRX, gNB can also configure remote UE’s SL DRX by its implementation considering alignment with relay UE’s Uu DRX to further reduce paging forwarding delay. 
Observation 7: gNB can determine RRC_IDLE/INACTIVE remote UE’s SL DRX configuration by implementation considering alignment with relay UE’s Uu DRX. 
If relay UE is RRC_IDLE/INACTIVE state, relay UE monitors remote UE’s paging on remote UE’s PO. Relay UE can configure remote UE’s SL DRX by its implementation considering alignment with remote UE’s PO to reduce paging forwarding delay. 
Observation 8: RRC_IDLE/INACTIVE relay UE can determine RRC_IDLE/INACTIVE remote UE’s SL DRX configuration by implementation considering alignment with remote UE’s PO.
From the above discussion, we can see that even though SL DRX is not explicitly optimized for relay, Rel-17 SL-DRX can still be directly reused for L2 relay-related ProSe communication based on gNB and UE implementation. 
Proposal  21: RAN2 to confirm that SL-DRX can be reused for L2 relay-related ProSe communication based on gNB and UE implementation without additional specification effort.

Conclusion
In this contribution, we discuss the remaining issues on sidelink DRX for unicast, groupcast, and broadcast, and provide the following observations and proposals:
Observation 1: When mode 1 or mode 2 is adopted, if a SCI indicates HARQ feedback disabled, the corresponding SL retransmission timer in TX UE may not be aligned with that in RX UE, which may lead to packet loss in RX UE.
Observation 2: If RX UE does not transmit PSFCH for a HARQ enabled SL process (e.g. due to UL/SL prioritization), the assumed RX UE active time by TX UE and the actual RX UE active time may be not aligned, which can lead to packet loss in RX UE.
Observation 3: When SL DRX is adopted in groupcast, the retransmission timer status among the multiple UEs in the same group may be misaligned, which may lead to packet loss in RX UE(s).
Observation 4: When the SL DRX timers are calculated in the unit of physical slot, i.e., determine the SL DRX timers of a SL connection considering both the available slots corresponding to this SL connection and other slots, the SL service delay performance may get worse.
Observation 5: For the derivation of sl-drx-startoffset for SL BC/GC, Option-1 has advantages in terms of avoiding resource collision and UE power saving issues over Option-5.
Observation 6: TX-centric SL DRX configuration signaling and assistance information providing procedure can be reused for L2 relay-related ProSe communication.
Observation 7: gNB can determine RRC_IDLE/INACTIVE remote UE’s SL DRX configuration by implementation considering alignment with relay UE’s Uu DRX. 
Observation 8: RRC_IDLE/INACTIVE relay UE can determine RRC_IDLE/INACTIVE remote UE’s SL DRX configuration by implementation considering alignment with remote UE’s PO.

Proposal 1: Apart from desired SL DRX configuration, the SL DRX assistance information can also include the Uu DRX configuration of RX UE, configured SL DRX configurations for other SL connections of the RX UE, the SL DRX configurations configured for its RX UE(s), and the power saving requirement of the RX UE.
Proposal 2: RAN2 to discuss the following triggering conditions of SL DRX configuration failure/rejection in RX UE:
- The received SL DRX does not match the desired SL DRX of the RX UE
- The received SL DRX does not match the configured SL DRX(s) for other SL connection(s) of the RX UE
- The received SL DRX does not match the SL DRX configuration(s) configured for its RX UE(s)
- The received SL DRX does not match the power saving demand of the RX UE.
Proposal 3: RAN2 to discuss the following two methods to avoid the packet loss in RX UE caused by SL HARQ feedback disabled:
- Option 1: When, in mode 1, the RX UE receives the indication that the TX UE will request retransmission resource for a HARQ feedback disabled SL process, or when, in mode 2, RX UE receives a SCI indicating both HARQ feedback disabled and the subsequent blind retransmission resource(s), RX UE starts the corresponding retransmission timer in SL DRX upon HARQ RTT timer expiry regardless of whether or not the data is decoded successfully.
- Option 2: If RX UE receives a SCI indicating HARQ feedback disabled, RX UE starts retransmission timer in SL DRX upon HARQ RTT timer expiry regardless of whether or not the data is decoded successfully.
Proposal 4: If the RX UE does not transmit PSFCH for a HARQ enabled transmission (e.g. due to UL/SL prioritization), and HARQ RTT timer expires, the RX UE starts retransmission timer regardless of whether the data corresponding to the unsent PSFCH was decoded successfully or not.
Proposal 5:  For SL groupcast, initial transmission is only allowed during the time when onduration timer or inactivity timer is running, and retransmission of a SL process is only allowed during the time when onduration timer, inactivity timer, or the retransmission timer of this SL process is running.
Proposal 6: When the SL DRX timers are calculated in the unit of physical slot, the following solutions can be considered to overcome the SL service transmission performance degradation problem:
- Option 1: allow to extend the SL DRX timer when the number of “available slots” in the original running time is smaller than a threshold or the number of “unavailable slots” in the original running time is larger than a threshold.
- Option 2: if the start time of onduration/inactivity/retransmission timer does not lie within available slot, delay the start time to the nearest available slot.
Proposal 7: For HARQ feedback enabled case, when SCI indicates a retransmission resource, the value of HARQ RTT timer should be derived by n-k, where n is the time gap between the current transmission resource and the next reserved retransmission resource, and k is time gap between the current transmission resource and the SL HARQ feedback resource.
Proposal 8: RAN2 to discuss on implementing a QoS profile in BC/GC DRX configuration by an index, if it is also configured in RB configuration.
Proposal 9: the sl-drx-startoffset can be determined with the following equation:
n=DST L2 ID MODE N
where N is the total number of sl-drx-startoffset values, and n is an index in the N sl-drx-startoffset values.  
Proposal 10: UE obtains MAC PDU for a SL grant for a retransmission, if UE obtains no MAC PDU for the corresponding prior SL grant.
Proposal 11: A retransmission resource can be selected if it is in active time updated according to its prior transmission, or if it can be indicated by a prior SCI.
Proposal 12: If the current reserved resources do not fall into the SL DRX active time of any destination, or if there is no SL grant in the SL active time of the destination that has data to be sent, resource (re)selection is triggered.
Proposal 13: The default SL BC/GC DRX configuration should always be configured by NW.
Proposal 14: RAN2 to adopt Option 2 to transfer other PC5-S message (SMC, DCA, etc.), PC5-RRC message related with UE capability interaction (i.e. UECapabilityEnquirySidelink message and UECapabilityInformationSidelink message), and the first RRCReconfigurationSidelink message (incl. DRX configuration):
· Option 1: Using the same BC/GC DRX configuration for DCR message transmission to transmit these message. 
· Option 2: From RX UE perspective, DRX is deactivated after receiving DCR message and activated when receiving the first RRCReconfigurationSidelink message (incl. DRX configuration)
Proposal 15: In Rel-17, TX profile is used to identify being SL DRX compatible or incompatible.
Proposal 16: RAN2 to confirm TX profile to be provided with L2 ID.
Proposal 17: TX profile mechanism can be reused directly for DCR message.
Proposal 18: For Rel-17 TX UE, UE reports TX profile information associated with DST L2 ID in SUI message, to assist the alignment of the Uu DRX of TX UE and SL DRX of RX UE, and to assist the SL transmission of TX UE limited by active time of SL DRX.
Proposal 19: CSI triggering UE does not start inactivity timer during the slots when UE is expected CSI report and on duration timer is not running. 
Proposal 20: RAN2 to confirm that SL-DRX can be reused for L2 relay-related ProSe discovery without additional specification effort.
Proposal  21: RAN2 to confirm that SL-DRX can be reused for L2 relay-related ProSe communication based on gNB and UE implementation without additional specification effort.
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