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1	Introduction
This contribution discusses FFS issues from last RAN2 meeting.
[bookmark: _Ref178064866]2	Discussion
2.1	DRX for SL unicast
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc509923396]The below FFSs are remaining regarding SL unicast.
1: 	For SL unicast (after SL unicast link is established), SL DRX configuration can be configured per a pair of source/destination. FFS whether SL DRX operates per direction or for both directions.
2: 	HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
3: 	For unicast, for OOC scenario, the UE who sends out the DRX configuration decides on the DRX configuration. FFS on whether pre-configuration and/or the assistance information from the peer UE is also taken into account when determining the DRX configuration.
4: 	For unicast, for OOC scenario, adopt per-direction DRX configuration is as baseline. FFS on whether it is TX-centric or Rx-centric, i.e. TX UE or RX UE decides it.
Based on the above agreements, the following FFS or remaining issues need to be addressed.
1. SL DRX operation is per direction or per both directions
2. Who determines DRX configuration, i.e., TX-centric or RX-centric.
3. Necessity of HARQ timers 
The above issues are discussed in the following sections. 
2.1.1 SL DRX operation per direction or per both directions
This issue has been discussed in RAN2#113. RAN2 has agreed to support per-direction DRX configuration as a baseline for UE in case of OOC. Meanwhile, RAN2 will further discuss whether SL operation per both directions should be supported.
In our mind, there are pros and cons for the two options
In most cases the traffic of both the UE1 and UE2 is basically the same, it is an overkill and a huge signaling overhead to configure two separate DRX configurations when these should be basically aligned to each other (i.e., meaning that are the same). For the same service/application/traffic transmitted on both directions, this not only bring complexity and increased power consumption on the UE since it needs to process two time a DRX configuration that is basically the same, but also increase the signaling overhead since separate procedures (and messages) needs to be used for each DRX configuration.
[bookmark: _Toc68196780]For the same service on both directions, it is beneficial to apply a common DRX configuration per both directions since this reduces operational complexity and power consumption. 
Meanwhile, per direction DRX may have advantages in cases different services/applications/traffic types are employed at both directions, since different direction may have different power saving requirements.

[bookmark: _Toc68196781]If different services are being employed on different directions, it is beneficial to apply DRX configuration per direction since different direction may have different power saving requirements. 
Considering that both options have different pros and cons, both options are applicable under different conditions. It would be beneficial to also support DRX operation per both directions in addition to per-direction DRX. In this way, it is feasible to exploit benefits of both options meanwhile avoiding drawbacks of both options.  
[bookmark: _Toc54276231][bookmark: _Toc60922310][bookmark: _Toc68196786]Support DRX operation for both directions in addition to per-direction DRX operation.
Depending on needs, which option shall be applied for a UE pair can be configurable. For a UE pair with network coverage, it is gNB that is responsible to configure DRX operation option. For a UE pair without network coverage, it is TX UE that is responsible to configure DRX operation option.
[bookmark: _Toc68196787]DRX operation option (i.e., DRX operation for both direction or per-direction DRX operation) is configurable.
2.1.2 Who determines DRX configuration
For TX UE centric option, a TX UE (or its serving gNB in case the TX UE is in coverage) sends a desired SL DRX configuration to a RX UE. The RX UE follows the received SL DRX configuration.
For RX UE centric option, a RX UE informs a TX UE of its DRX configuration. The TX UE follows the received DRX configuration from the RX UE and transmits data to the RX UE only when the RX UE is in active.
TX UE centric option has the benefit that it is aligned with Rel-16 signalling framework. However, it has the drawback that the RX UE may have to always keep in active time by following instructions from all TX UEs, and therefore have no power saving especially when the RX UE is connected to multiple TX UEs. 
Meanwhile RX UE centric option can achieve better power saving for the RX UE. However, RX UE centric option would require bigger spec changes than TX UE centric option. In addition, longer delay may be caused for data transfer at the TX UE, since the TX UE may not be able to transmit immediately to the RX UE when there is data available. 
In our views, TX UE centric option shall be adopted considering that spec changes need to be limited for Rel-17 due to limited work time. 
[bookmark: _Toc61528822][bookmark: _Toc68196788]For unicast, TX UE centric option shall be adopted as the baseline for SL DRX alignment between UEs. 
In addition, RX UE shall be able to report assistance information to TX UE in order for the TX UE to configure proper DRX configurations. The assistance information can be carried by a new RRC signalling message named as for example SidelinkAssistanceInformation as for UE assistance information in Uu. 
[bookmark: _Toc68196789]For unicast, RX UE sends assistance information message to TX UE via a new PC5-RRC signalling named as SidelinkAssistanceInformation. 
The RX UE shall be able to send the assistance information to TX UE at least before the TX UE setups the link/DRBs (i.e., TX UE sends RRCReconfigurationSidelink to the RX UE), so that the TX UE is able to take the assistance information into consideration when sending RRCReconfigurationSidelink to the RX UE, which contains DRX configuration to be applied by the RX UE.
[bookmark: _Toc68196790]For unicast, RX UE sends assistance information message to TX UE at least before TX UE sends DRX configuration to RX UE via RRCReconfigurationSidelink.
In addition, a RX UE is allowed to accept or reject a recommended DRX configuration by a TX UE.  In this way, the drawback of TX UE centric option, i.e., RX UE may lose its power saving by compulsorily following instructions from TX UEs can be mitigated.
In this way, RX UE can simplify indicate the decision (i.e., acceptance or rejection) after reception of a suggested SL DRX configuration. The process shall base on RRC reconfiguration procedure as defined in Rel-16. In details, TX UE sends RRCReconfigurationSidelink containing DRX configuration to be applied by the RX UE, upon reception of the signaling, RX UE replies with RRCReconfigurationCompleteSidelink indicating acceptance of the DRX configuration, or RRCReconfigurationFailureSidelink indicating rejection of the DRX configuration.
[bookmark: _Toc61528824][bookmark: _Toc68196791]For unicast, a two-step process (i.e., RX UE simply accepts or rejects TX UE’s suggestion) should be adopted as the baseline, i.e., 
a. [bookmark: _Toc68196792]TX UE sends RRCReconfigurationSidelink containing DRX configuration to be applied by the RX UE
b. RX UE replies with RRCReconfigurationCompleteSidelink if the DRX configuration is accepted or RRCReconfigurationFailureSidelink if the DRX configuration is rejected, FFS on message details for RRCReconfigurationFailureSidelink (e.g., if new failure cause is needed)
2.1.3 DRX timers
RAN2 has discussed the need of HARQ RTT timer and HARQ retransmission timer in RAN2#113, and made the below agreement
HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
Companies had diverse views on whether HARQ RTT timer and HARQ retransmission timer are needed. 
In our mind, in addition to RTT timer, HARQ retransmission timer is necessary to be defined due to the below reasons
1) so that SL DRX and Uu DRX can have similar design
2) HARQ RTT retransmission timer is needed, since reserved retransmission resources by a prior SCI may become invalid due to re-evaluation or pre-emption.
3) In case Mode 1 scheduling is applied by TX UE, RX UE has no clue on how long time the RX UE has to wait before receiving a dynamic grant for retransmission after transmission of a HARQ NACK to TX UE.
[bookmark: _Toc68196794]For unicast, in addition to HARQ RTT timer, HARQ retransmission timer is supported in SL DRX.
In RAN2#113-e, some companies raised a concern that HARQ RTT timer may be not needed in case TX UE has reserved retransmission resources via SCI, since RX UE knows when the retransmissions may occur. However, it is worth noting that introducing conditional timer handling (i.e., support HARQ RTT timer in condition to whether retransmission resources are reserved via SCI) would bring unnecessary design complexity. It is sufficient to have a common timer handling procedure regardless whether retransmission resources are reserved via SCI.
Therefore, we make the below proposal
[bookmark: _Toc68196795]For unicast, HARQ RTT timer and HARQ retransmission timer are always supported.
With regards to the setting of HARQ RTT timer, we share the concern raised by other companies that a single fixed timer setting will not be suitable when retransmission time resources are reserved via SCI since time gap between next retransmission time resource and previous transmission/retransmission time resource may be different every time. In this case, it would be beneficial to allow the RX UE to set the HARQ RTT timer to a value corresponding to the received SCI signalling. Meanwhile, in other cases i.e., retransmission time resources are not reserved via SCI, it is sufficient to set the HARQ RTT timer to a value according to the DRX configuration. 
[bookmark: _Toc68196796]For unicast, UE handles the HARQ RTT timer via the follow option
c. [bookmark: _Toc68196797]set the HARQ RTT timer to a value corresponding to the received SCI signalling if the SCI indicates reserved retransmission time resources.
d. [bookmark: _Toc68196798]set the HARQ RTT timer to the value according to the DRX configuration if retransmission time resources are not reserved via the received SCI.

In case of SL resource allocation Mode 1, gNB can assign SL grants to UE using DCI signalling addressed to SL RNTIs. This means that the UE needs to monitor PDCCH carrying SL grants in addition to PDCCH carrying UL grants or DL assignments. This would affect Uu DRX. As one solution, new timers related to Mode 1 SL grant monitoring can be introduced to Uu DRX configuration. 
· drx-RetransmissionTimerSLmode1 (per SL HARQ process): the maximum duration until a grant for SL retransmission is received;
· drx-HARQ-RTT-TimerSLmode1 (per SL HARQ process): the minimum duration before a SL HARQ retransmission grant is expected by the MAC entity.

[bookmark: _Toc60922321][bookmark: _Toc68196799]In order to support SL resource allocation Mode 1, adopt the parameters including RetransmissionTimerSLmode1 and HARQ-RTT-TimerSLmode1 in Uu DRX configuration.

2.1.4 DRX for SL groupcast and broadcast
The below FFSs are remaining regarding SL groupcast and broadcast.
1:    	For broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB. FFS on whether dedicated-RRC is also used.
2:	RAN2 will study/discuss how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration.
3:   HARQ RTT is supported in SL groupcast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
4: 	SL DRX Command MAC CE is introduced for SL DRX operation in unicast. FFS on the need of groupcast. FFS on the detailed UE behaviour (including relation to inactivity timer).

Regarding whether dedicated RRC is also used for UE in RRC_CONNECTED to obtain BC/GC DRX configuration, we think BC/GC DRX configuration is cell or group specific, which is common to UEs in the same cell or group, in other words, all relevant UEs need to be active at the same time in order to receive the service data. Therefore, it is not beneficial to have UE specific DRX configuration for BC/GC. Of course, gNB can signal SIB containing BC/GC DRX configuration via dedicated RRC signaling. Therefore, we make the below proposal.
[bookmark: _Toc68196800]Don’t support dedicated RRC to signal UE specific DRX configuration for broadcast/groupcast.
In RAN2#113, RAN2 has discussed how a UE can derive BC/GC DRX configuration. There are two options under discussion.
Option 1: DRX configuration mapped to L2 destination ID
Option 2: DRX configuration mapped to PQI
In NR V2X in Rel-16, as specified in TS 23.287, the mapping of V2X service types to Destination Layer-2 ID(s) for groupcast mode communication is provisioned to the UE. It is expected that the same mapping rule, i.e., services types mapped to different Destination L2 IDs, will be applied for SL communications in Rel-17. For a specific application, the corresponding destination Layer-2 ID is stored at the AS layer of Receiving UE(s) for the groupcast mode communication reception. In this case, it would be straightforward to apply Option 1 as a baseline for UE to configure/derive SL DRX configuration. Meanwhile, we don’t think large L2 ID space is an issue for SL DRX configuration. In typical cases, there will be only a limited set of L2 ID values applied due to the fact that there are limited number of applications employed for SL broadcast and SL groupcast. 
[bookmark: _Toc68196782]Same as in NR V2X in Rel-16, it is expected that services types will be mapped to different Destination L2 IDs for SL communications in Rel-17. 
[bookmark: _Toc68196783]Large L2 ID space is not an issue in typical cases since there will be only a limited set of L2 ID values applied due to limited number of applications employed.
[bookmark: _Toc68196801]Support DRX configuration per Destination L2 ID as a baseline for SL broadcast or SL groupcast.
In addition, Option 2 has a few drawbacks, which are highlighted as the following
· SL DRX configurations are maintained by the UE MAC layer. However, the UE MAC layer is not aware of the PQI values of services, which are typically available at upper layers (e.g., V2X layer). Upon reception of some initial service data via SL groupcast or broadcast, the UE needs to ask for upper layer about the PQI value associated with the data after first send the packets upward to upper layer. This gives unnecessary complexity due to cross layer signalling.
· Option 2 may give unnecessary configurational complexity, since the mapping information between services and Destination L2 ID is already provisioned to the UE. Upon a reception of service data via SL groupcast or broadcast, the UE is already able to identify the associated service type straight away. It is unnecessary for the UE to ask upper layer to provide the PQI associated with received service data.

Therefore, RAN2 is suggested to further evaluate whether Option 2 is also to be supported based on the above findings.
[bookmark: _Toc68196802]RAN2 further evaluates whether Option 2 (i.e., DRX configuration per PQI) is also to be supported.
With regards to HARQ RTT timer and HARQ retransmission timer, due to the same reasons as discussed for SL unicast, we make the below proposal
[bookmark: _Toc68196803]For groupcast, HARQ RTT timer and HARQ retransmission timer are always supported.

[bookmark: _Toc68196804]For groupcast, UE handles the HARQ RTT timer via the following options
e. [bookmark: _Toc68196805]set the HARQ RTT timer to a value corresponding to the received SCI if the SCI indicates reserved retransmission time resources.
f. [bookmark: _Toc68196806]set the HARQ RTT timer to the value according to the DRX configuration if retransmission time resources are not reserved via the received SCI.
Regarding DRX command MAC CE, we think it is unnecessary to be supported for groupcast or broadcast. Because we have found the following flaws
1. DRX command MAC CE is transmitted in a broadcast or groupcast fashion. Some UEs may fail to receive the MAC CE, which may lead to misalignment of DRX status between a TX UE and RX UEs.
2. if a UE receives multiple DRX command MAC CEs associated to the same Destination L2 ID from different TX UEs at the same time or in a closing time period, how the UE behaves would be unclear.
Therefore, it is suggested that
[bookmark: _Toc68196807]For broadcast or groupcast, DRX command MAC CE is not supported.

2.1.5 Handling the inactivity timer
In RAN2#113-e, it has been agreed to support Inactivity timer in SL unicast. The need of Inactivity timer in SL groupcast and broadcast is FFS. Regarding inactivity timer, we think it is beneficial to support inactivitytimer for broadcast and groupcast, thus, a unified DRX solution can be achieved regardless of cast types. Meanwhile, it is beneficial for UE to handle a-periodic traffic via extended active time by inactivity timer.
[bookmark: _Toc68196808]For broadcast or groupcast, inactivityTimer is supported in SL DRX configuration.
In Uu, the inactivity timer is used by a UE in DRX to extend its active time in addition to the periodic on duration when the UE receives a scheduling assignment or grant from a gNB. It is beneficial for the UE to handle continuous data transmission and reception. In addition, it is also beneficial to handle aperiodic data transmission or reception for the UE. The inactivity timer is configured per DRX group.
For unicast, as agreed in RAN2#113, each pair of source/destination L2 IDs can be associated with a separate DRX configuration.  The inactivity timer is configured in each DRX configuration. For groupcast and broadcast, at least two DRX configurations are supported, each of which can contain the inactivity timer. As a unified solution, the UE shall maintain the inactivity timer per DRX configuration. The UE may maintain multiple timers if there are multiple DRX configurations configured to the UE. In this way, the UE’s active time would contain the time period while at least one inactivity timer is running.

[bookmark: _Toc68196809]UE maintains an inactivity timer per DRX configuration.
In Uu DRX, a UE starts the inactivity timer when the UE receives PDCCH indicating a new transmission (DL or UL). Same for SL DRX, the UE starts the inactivity timer when the UE receives a SCI indicating a new SL transmission. Different from Uu, a SL transmission is performed between a TX UE and one or multiple RX UEs. Active time needs to be aligned between TX UE and RX UEs otherwise a transmission would be lost due to misaligned active time. Thus, it would be beneficial to also start the inactivity timer at TX UE. While the timer is running, the TX UE is aware that RX UE is also in active time.
[bookmark: _Toc68196810]Both TX UE and RX UEs maintain their own inactivity timer per DRX configuration.
Some companies have raised a concern in RAN2#113 that a RX UE may fail to receive a SCI due to bad radio connection from a TX UE. Thus, the TX UE has started the inactivity timer while the RX UE doesn’t, leading to misaligned active time between the TX UE and the RX UE. Therefore, the companies have proposed to allow the TX UE to restart the inactivity timer when the TX UE performs retransmissions. We don’t think such improvement is necessary due to the below reasons
1) The same issue is already existing in Uu, however there is no special treatment in Uu DRX.
2) Handling the inactivity timer in condition to whether RX UE has received a SCI successfully would cause additional complexity to SL DRX maintenance.  
3) RAN2 shall focus on the basic DRX functionalities in Rel-16. Any enhancement shall be left for future release.

Therefore, we make the following suggestion
[bookmark: _Toc68196811]  TX UE only starts the inactivity timer for a DRX configuration after transmitting a SCI for a new PSSCH transmission.

Conclusion
In the previous sections we made the following observations: 
Observation 1	For the same service on both directions, it is beneficial to apply a common DRX configuration per both directions since this reduces operational complexity and power consumption.
Observation 2	If different services are being employed on different directions, it is beneficial to apply DRX configuration per direction since different direction may have different power saving requirements.
Observation 3	Same as in NR V2X in Rel-16, it is expected that services types will be mapped to different Destination L2 IDs for SL communications in Rel-17.
Observation 4	Large L2 ID space is not an issue in typical cases since there will be only a limited set of L2 ID values applied due to limited number of applications employed.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Support DRX operation for both directions in addition to per-direction DRX operation.
Proposal 2	DRX operation option (i.e., DRX operation for both direction or per-direction DRX operation) is configurable.
Proposal 3	For unicast, TX UE centric option shall be adopted as the baseline for SL DRX alignment between UEs.
Proposal 4	For unicast, RX UE sends assistance information message to TX UE via a new PC5-RRC signalling named as SidelinkAssistanceInformation.
Proposal 5	For unicast, RX UE sends assistance information message to TX UE at least before TX UE sends DRX configuration to RX UE via RRCReconfigurationSidelink.
Proposal 6	For unicast, a two-step process (i.e., RX UE simply accepts or rejects TX UE’s suggestion) should be adopted as the baseline, i.e.,
a.	TX UE sends RRCReconfigurationSidelink containing DRX configuration to be applied by the RX UE
b.	RX UE replies with RRCReconfigurationCompleteSidelink if the DRX configuration is accepted or RRCReconfigurationFailureSidelink if the DRX configuration is rejected, FFS on message details for RRCReconfigurationFailureSidelink (e.g., if new failure cause is needed)
Proposal 7	For unicast, in addition to HARQ RTT timer, HARQ retransmission timer is supported in SL DRX.
Proposal 8	For unicast, HARQ RTT timer and HARQ retransmission timer are always supported.
Proposal 9	For unicast, UE handles the HARQ RTT timer via the follow option
a.	set the HARQ RTT timer to a value corresponding to the received SCI signalling if the SCI indicates reserved retransmission time resources.
b.	set the HARQ RTT timer to the value according to the DRX configuration if retransmission time resources are not reserved via the received SCI.
Proposal 10	In order to support SL resource allocation Mode 1, adopt the parameters including RetransmissionTimerSLmode1 and HARQ-RTT-TimerSLmode1 in Uu DRX configuration.
Proposal 11	Don’t support dedicated RRC to signal UE specific DRX configuration for broadcast/groupcast.
Proposal 12	Support DRX configuration per Destination L2 ID as a baseline for SL broadcast or SL groupcast.
Proposal 13	RAN2 further evaluates whether Option 2 (i.e., DRX configuration per PQI) is also to be supported.
Proposal 14	For groupcast, HARQ RTT timer and HARQ retransmission timer are always supported.
Proposal 15	For groupcast, UE handles the HARQ RTT timer via the following options
a.	set the HARQ RTT timer to a value corresponding to the received SCI if the SCI indicates reserved retransmission time resources.
b.	set the HARQ RTT timer to the value according to the DRX configuration if retransmission time resources are not reserved via the received SCI.
Proposal 16	For broadcast or groupcast, DRX command MAC CE is not supported.
Proposal 17	For broadcast or groupcast, inactivityTimer is supported in SL DRX configuration.
Proposal 18	UE maintains an inactivity timer per DRX configuration.
Proposal 19	Both TX UE and RX UEs maintain their own inactivity timer per DRX configuration.
Proposal 20	TX UE only starts the inactivity timer for a DRX configuration after transmitting a SCI for a new PSSCH transmission.
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