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1 Introduction
Following RAN2#112, an email discussion was kicked off to discuss some high level aspects of SL DRX which were initially discussed in the meeting.  One topic which was addressed in the email discussion was the SL DRX configuration.  Specifically, some discussion of the UE common and UE specific DRX configurations were discussed, but very little was concluded on UE procedures related to these configurations.  In this contribution, we discuss the details of such UE procedures in considering unicast, groupcast, and broadcast SL communications.
2 Discussion
A large part of the email discussion on high level principles for SL DRX [1] focused on the SL DRX configuration.  As noted by several companies in the email discussion, SL DRX configuration details will depend on the cast type being considered.  For example, since PC5 unicast is connection-oriented, the DRX configuration can be agreed between the TX and RX UE following PC5-RRC connection establishment.  On the other hand, for groupcast/broadcast, DRX configuration of a single RX UE needs to consider possible transmissions by different TX UEs without being able to rely on PC5-RRC signaling.

Observation 1:
DRX Configuration procedures will depend on the cast type being considered

Groupcast/Broadcast
Based on the latest SA2 TR [2] (conclusions in section 7.1.1), the DRX schedule/configuration can be provisioned either i) per RAT, ii) per service type(s), or iii) per PQI.  SA2 deferred conclusion of which approach, as well as the advantages/disadvantages of each approach to RAN WG analysis.
The DRX configuration for a UE (e.g. its DRX cycle and on-duration) should be determined from the UE’s traffic pattern.  Such traffic pattern will depend on the QoS and/or SL service.  Specifically, for services with more frequent transmissions and/or more stringent timing requirements, an RX UE would need to monitor sidelink more frequently than for services with less frequent transmissions and/or less stringent timing requirements.  

Observation 2:
An acceptable DRX configuration for a UE is inherently tied to the traffic pattern of the service it receives.

From the options called out by SA2, per-RAT configuration would result in the simplest approach for broadcast/groupcast DRX configuration, since all UEs would be configured with the same (common) DRX configuration.  However, such an approach would likely result in inefficient power savings when considering all SL UEs on average because the single (common) DRX configuration for all UEs would need to be configured based on the most stringent/frequent service/traffic pattern.
On the other hand, per service type or per PQI DRX configurations would result in finer granularity of the DRX configuration so that a UE which is not involved in SL communications having stringent timing requirements could benefit from a larger amount of sleep time.  Per PQI or PQI group SL DRX configuration allows the most efficient power savings, since a specific service or service type may have transmissions of variable QoS (PQI or PQI groups) which have different traffic patterns but may not all be active simultaneously.  However, for RX UE receiving groupcast/broadcast transmissions, it cannot know the PQI information ahead of time from the AS layer.  Instead, only the interested L2 destination ID associated with the service is known by the RX UE at the AS layer.   

Observation 3:
DRX Configuration per PQI/PQI group can achieve the best overall power savings.

Observation 4:
For broadcast/groupcast RX UEs, the PQI cannot be known in the AS layer and only the destination L2 ID is known.

Based on the above observations, the RX UE can either be configured to use a service-specific DRX configuration, or it could be configured with a mapping of service (L2 ID) to worst-case PQI and select the DRX configuration from the worst-case PQI.  In both cases, the granularity of the DRX cycle is the same.  However, the first option is preferable as it is simpler to configure in the AS layer.
Proposal 1: 
A Broadcast/Groupcast RX UEs in SL DRX are (pre)configured with a common DRX configuration per interested destination L2 ID

A UE may be interested in multiple services and/or be receiving groupcast transmissions from multiple groups.  While the active times defined for each DRX configuration may have some overlap, they may not all be identical.  Since the DRX configuration defines the active time associated with the destination L2 ID, the RX UE should be active (i.e. able to receive) in the active time associated with the DRX configuration of all interested L2 IDs.  Furthermore, if a timer similar to the inactivity timer in Uu is defined, such definition should be independently defined for each L2 ID (as explained in our companion contribution [3]).
Proposal 2: 
A Broadcast/Groupcast RX UE in SL DRX wakes up according to the combined active times defined by the DRX configuration of each of its interested L2 IDs  
An RX UE uses the DRX configuration(s) associated with the interested L2 ID(s) to know when to monitor sidelink for reception.  By the same token, a TX UE can use the same L2 ID specific DRX configuration(s) to determine when it should transmit data with given L2 destination ID in the case any of the intended UEs are in DRX.  As per SA2 TR (i.e. solution #4), DRX operation for a given service or PQI group may disabled at any time by the application layer [2] and activation/deactivation of DRX can be handled by the V2X layer.  As a result, the AS layer at the TX UE would know (e.g. from upper layers) whether transmissions associated with a specific L2 destination ID have intended UE(s) which are in DRX.  If so, the TX UE should restrict the transmission times for that L2 destination ID to the active time of its DRX configuration.

Proposal 3: 
A TX UE is configured by upper layers with the groupcast/broadcast service(s) (i.e. L2 destination IDs) having DRX enabled 

Proposal 4: 
A TX UE transmits data for a groupcast/broadcast L2 ID with DRX enabled in the active time defined by the DRX configuration for the L2 ID
A TX UE may have data transmissions intended for different broadcast/groupcast L2 destination IDs, where some of those transmissions are associated with L2 IDs for which DRX is enabled, and others for which DRX is disabled.  SL grant handling at the TX UE would need to use this information, as well as the active time of the enabled DRX configurations in order to select an appropriate L2 destination ID for a specific grant (i.e. in the SL LCP procedure).   Other aspects of the LCP procedure in the context of DRX should also be discussed by RAN2.  For example, using a grant in the active time of a DRX-enabled L2 ID for transmission to another (possibly non-DRX) UE should not result in missing the required latency due to having to wait for the next active time of the DRX enabled L2 ID.  
Proposal 5: 
For broadcast/groupcast transmission at a given time, a TX UE can select between a non-DRX L2 destination ID, or a L2 destination ID that is currently in its active time.  Details of LCP procedure considering active times of DRX-enabled UEs is FFS. 
Unicast
Majority of companies in the email discussion agreed that a DRX configuration should be defined for a given PC5-RRC configuration, however, how it is determined (e.g. which UE) needs further discussion.  In unicast, the TX and RX UE can exchange AS-layer configuration information in PC5-RRC signalling.  This signalling allows the DRX configuration to be negotiated, or at least, for it to be chosen based on the conditions of both the TX UE and the RX UE.  For example, the RX UE may try to align (as much as possible) the wakeup times of its different PC5-RRC connections.  The TX UE may also try to align its TX opportunities (i.e. the active time of its peer RX UE) with its own RX active times for other PC5-RRC connections so that TX and RX periods are aligned at a specific UE as much as possible.

Observation 5:
It would be beneficial for both TX and RX UEs to have some say in the selected DRX configuration (e.g. to align their TX/RX wakeup time with RX wakeup times of other unicast links)

As a result, either UE could make the selection of the DRX configuration for the unicast link based on information sent to it by the other UE (in PC5-RRC signalling).  However, it would be more logical for the final selection to be made at the RX UE, since in V2X it’s the TX UE that initiates the configuration procedure, and the TX UE could send its information/preference during such initiation.  This also reduces the overall messages needed to two (e.g. a request/response-like procedure)
Proposal 6: 
The RX UE selects the DRX configuration for the PC5-RRC connection using information provided by the TX UE 

Also, in contrast to groupcast/broadcast, the DRX configuration for unicast can be selected directly from the PQI (rather than from the service), since both the TX and RX UE are aware of the PQI via PC5-RRC signalling exchange.  For example, (pre)configuration can define one or more DRX configurations which are acceptable for a given QoS (e.g. PQI or SLRB) and the TX and RX UEs can then agree on the specific configuration which provides enough power savings at both UEs.  Selection of the configuration from a set of network-defined options tied to the QoS ensures enough flexibility in selection of the DRX configuration while avoiding having an excessive number of configurations/patterns (which would effectively result in limited power savings when many unicast links are formed).  It is also in-line with SLRB configuration selection in legacy NR-V2X.  Finally, to avoid excessive signalling in PC5-RRC and complex selection mechanism, the TX UE could select one (or several) suggested DRX configuration(s) and send this to the RX UE (rather than sending information on all of its existing unicast links).
Proposal 7: 
The TX UE in unicast sends a suggested DRX configuration selected based on at least the QoS (e.g. PQI, SLRB, etc) of the established flows/bearers for the unicast link

The final configuration can then be selected by the RX UE (either by accepting the selected configuration or by suggesting an alternative one that is still acceptable for that QoS).  In some cases, power savings can be disabled when there is little power savings gain in having all configurations active at the RX UE. 
Proposal 8: 
The RX UE in unicast determines the final DRX configuration and whether DRX is enabled/disabled for the unicast link and provides this to the TX UE 

An additional advantage which can be exploited by PC5-RRC signalling is to provide the TX UE with the active times at the RX UE associated with different unicast links and/or the active times associated with broadcast/groupcast L2 IDs that the RX UE is monitoring in DRX.  The TX UE could then be aware of the overall active time of the RX UE, which would give the TX UE additional opportunities to reach the RX UE. 
Observation 6:
The TX UE would benefit from knowledge of the overall active time of the RX UE with respect to each of the RX UE’s other unicast links and/or broadcast/groupcast L2 IDs being monitored. 
The RX UE can provide each of the active configurations associated with its different links (and possibly also associated with groupcast/broadcast) to the TX UE.  This can be sent as part of the PC5-RRC signalling performed following DRX configuration with the TX UE or following establishment of other unicast links by the RX UE with other TX UEs.  

Proposal 9: 
The RX UE in unicast can provide the configuration(s) associated with its active times associated with other unicast links to the peer UE  

Using the information provided by the RX UE (in proposal 9), the TX UE can ensure transmissions associated to the peer UE are restricted to the resources where the peer UE is assumed active (as per proposals 4 and 5).
Proposal 10: 
Proposals 4 and 5 are applied also to a TX UE in unicast, where the active time is determined based on the DRX configuration(s) received from its RX (in proposal 9) 

3 Conclusion
In this contribution, the following observations were made on procedures for handling SL DRX configurations:
Observation 1:
DRX Configuration procedures will depend on the cast type being considered

Observation 2:
An acceptable DRX configuration for a UE is inherently tied to the traffic pattern of the service it receives.

Observation 3:
DRX Configuration per PQI/PQI group can achieve the best overall power savings.

Observation 4:
For broadcast/groupcast RX UEs, the PQI cannot be known in the AS layer and only the destination L2 ID is known.

Observation 5:
It would be beneficial for both TX and RX UEs to have some say in the selected DRX configuration (e.g. to align their TX/RX wakeup time with RX wakeup times of other unicast links)

Observation 6:
The TX UE would benefit from knowledge of the overall active time of the RX UE with respect to each of the RX UE’s other unicast links and/or broadcast/groupcast L2 IDs being monitored. 

Based on these observations, the following conclusions were made:

Proposal 1: 
A Broadcast/Groupcast RX UEs in SL DRX are (pre)configured with a common DRX configuration per interested destination L2 ID

Proposal 2: 
A Broadcast/Groupcast RX UE in SL DRX wakes up according to the combined active times defined by the DRX configuration of each of its interested L2 IDs  

Proposal 3: 
A TX UE is configured by upper layers with the groupcast/broadcast service(s) (i.e. L2 destination IDs) having DRX enabled 

Proposal 4: 
A TX UE transmits data for a groupcast/broadcast L2 ID with DRX enabled in the active time defined by the DRX configuration for the L2 ID

Proposal 5: 
For broadcast/groupcast transmission at a given time, a TX UE can select between a non-DRX L2 destination ID, or a L2 destination ID that is currently in its active time.  Details of LCP procedure considering active times of DRX-enabled UEs is FFS. 

Proposal 6: 
The RX UE selects the DRX configuration for the PC5-RRC connection using information provided by the TX UE 

Proposal 7: 
The TX UE in unicast sends a suggested DRX configuration selected based on at least the QoS (e.g. PQI, SLRB, etc) of the established flows/bearers for the unicast link

Proposal 8: 
The RX UE in unicast determines the final DRX configuration and whether DRX is enabled/disabled for the unicast link and provides this to the TX UE 

Proposal 9: 
The RX UE in unicast can provide the configuration(s) associated with its active times associated with other unicast links to the peer UE  

Proposal 10: 
Proposals 4 and 5 are applied also to a TX UE in unicast, where the active time is determined based on the DRX configuration(s) received from its RX (in proposal 9) 
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