
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]3GPP TSG-RAN WG2 Meeting #113bis electronic            	                   R2-2102816
E-Meeting, 12th April - 20th April 2021                                       

Source:	vivo
[bookmark: Title]Title:	SL DRX for Unicast
[bookmark: Source]Agenda Item:	8.15.2
Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN2 meeting, SL DRX had been discussed and achieved the following agreements:
Agreements on high-level principles for SL DRX
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.
3:	Short DRX cycle is not introduced for SL unicast, groupcast and broadcast in Rel-17.
4:	For data reception, RAN2 defines the behaviour for monitoring the SCI reception (i.e., PSCCH and 2nd SCI on PSSCH) during the SL active time for SL DRX. For data reception, the UE may skip monitoring of PSCCH and 2nd SCI on PSSCH during inactive time for SL DRX. Sensing aspect is not considered in this agreement.
5a:	At least, On-duration timer and Inactivity timer are supported in SL unicast.
5b: 	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.
6a: 	At least, on-duration timer is supported for SL groupcast. FFS for the need and detailed condition when inactivity timer is supported.
6b: 	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.
8: 	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).
9: 	In mode 1, when in RRC_CONNECTED, if DRX is configured, the MAC entity monitors the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI in Uu DRX Active Time. MAC entity does not need to monitor the PDCCH for the MAC entity's SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI in Uu DRX in-active Time.
In this contribution, we aim at analysis and proposals on mechanisms of SL DRX configuration for unicast.
2. Discussion
2.1 SL DRX configuration for unicast
DRX is an important feature for UE power saving. In R17 V2X, P-UE will be introduced. Hence SL DRX will be studied to reduce P-UE power consumption not only for unicast but also for groupcast and broadcast. In this document, we focus on SL unicast DRX. Groupcast and broadcast DRX can be seen in another contribution R2-2102817.
DRX parameters and operation should be aligned for a TX UE and its RX UE. Hence SL DRX configuration shall be delivered between the TX UE and its RX UE. The TX UE usually has more information about service characteristics. It is natural and reasonable that the TX UE decides the initial DRX parameters and sends them to its RX UE(s), which also keeps commonality with the legacy SLRB configuration procedure from TX UE to RX UE.
For unicast, PC5 RRC can be used to carry DRX parameters from the TX UE to its RX UE. Similar to Uu, SL DRX should not be based on service level but based on link level. A pair of source L2 ID and destination L2 ID with one cast type will be identified with one SL link. In Uu, only UE needs DRX operation and UL transmission can occur independently from DRX active time. But in SL unicast, two peer UEs may have the requirement of power saving. Hence SL DRX parameters can be configured per direction for each pair of source L2 ID and destination L2 ID.
Proposal 1: SL DRX configuration should be sent from the TX UE to its RX UE via PC5 RRC reconfiguration per direction for a pair of source & destination L2 IDs for unicast, i.e. TX-centric.
As in R16 V2X, SLRB related configuration can be obtained via three methods: dedicated RRC signalling for RRC-Connected TX UE, SIB for RRC-Idle/Inactive TX UE and preconfigured signalling for OOC TX UE.  SL DRX configuration is also a typical SL related configuration. Hence same acquisition method for SL DRX is reasonable.
Proposal 2: Similar to R16 V2X configuration acquisition, SL DRX parameters of TX UE comes from:
· Dedicated RRC signaling for RRC-Connected TX UE;
· SIB for RRC Idle/Inactive TX UE;
· Pre-configuration signaling for OOC TX UE;
In RRC-Connected mode, TX UE should report SL QoS flow combination to its serving cell via dediacted RRC signaling and the serving cell then decides and configures SL DRX parameters based on reported QoS flow combination. But for SIB and pre-configuration signaling, it is unreasonable to give SL DRX parameters based on QoS flow combination, i.e. one direction link level, since the number of QoS flow combinations may be very huge and flexible.
However unicast service must be composed of one or sevaral QoS flows. Each QoS flow will have standardized QoS profile or defined QoS profile since both standardized PQI values and non-standardized PQI values are applied by the UE for unicast. SIB/pre-configuration signaling can define a DRX parameter set for each QoS flow and TX UE select the final DRX parameter set based on pre-defined criteria, e.g. the most stringent parameters set. The following table gives an DRX configuration example based on standardized QoS flows. If a unicast service has one QoS flow of set 1, e.g. delay sensitive, no DRX can be configured, whereas DRX set 2, 3, 4, and 5 are traversed in turn and the most stringent DRX parameter set can be chosen.
	
	PQI
Value
	Default Priority Level
	Packet Delay Budget
	Packet Error
Rate 
	Example DRX parameters

	DRX Set 1
	91
	2
	3 ms
	10-5
	No DRX

	
	55
	3
	10 ms 
	10-4
	

	
	90
	3 
	10 ms

	10-4
	

	DRX Set 2
	21

	3
	20 ms

	10-4
	No DRX or 
10ms cyle + 2ms onDuration


	
	56
	6
	20 ms
	10-1
	

	
	57
	5
	25 ms 
	10-1
	

	DRX Set 3
	22

	4
	50 ms
	10-2
	32 ms cycle + 4ms onDuration

	DRX Set 5
	23
	3
	100 ms
	10-4
	64ms cycle + 6ms onDuration

	
	58
	4
	100 ms
	10-2
	

	DRX Set 5
	59
	6
	500 ms
	10-1
	320ms cycle + 10ms onDuration

	
	


For example, SL unicast service 1 includes QoS flows with PQI = 91(in DRX set 1), PQI = 21 (in DRX set 2) and PQI = 22 (in DRX set 3). Hence the final chosen DRX parameter set is DRX set 1, i.e. No DRX. SL unicast service 2 includes QoS flows with PQI = 57(in DRX set 2) and PQI = 59 (in DRX set 5). Hence the final chosen DRX parameter set is DRX set 2. 
In addition, DRX offset is an important parameter to distribute different active time for different UE pairs, which is better for resource efficiency and collision avoidance. If DRX offset is fixed in SIB/pre-configuration signaling for each DRX parameter set, all UE pairs which select same DRX parameter set will have aligned active time and the probability of resource collision will be increased. Hence random offset selection may be considered.
Proposal 3: DRX parameter configuration in SIB and pre-configuration may include the mapping of QoS flow to DRX parameters set and the most stringent DRX parameters set among multiple QoS flows mapping and random offset should be finally chosen. 
Furthermore, similar to Uu UE Assistance Information reporting, RX UE can provide some assistance information about SL DRX configuration, e.g. power saving preference, recommended offset and so on. About power saving preference, the following potential contents may be included:
· DRX on/off indicator;
· Suggested DRX parameters. However with the assumption that both RX UE and TX UE acquires DRX parameters from Network side based on same QoS flow combination, it is a high probability that obtained DRX parameters are same. Hence it is no reason for RX UE to recommend DRX parameters.
Hence we propose:
Proposal 4: RX UE can provide some assistance information about SL DRX configuration, e.g. power saving preference (e.g. on/off), recommended offset and so on.

2.2 SL DRX alignment between two directions
From the perspective of SL communication scenarios and requirements, there are not only uni-directional services but also bi-directional services. For the uni-directional services, only one DRX pattern needs to be configured between a pair of UEs. But for the bi-directional services, if both two peers are P-UEs, two DRX patterns may need to be configured between a pair of UEs. For example, UE1 and UE2 establish a unicast PC5 RRC connection and transmit bi-directional services with two DRX patterns. It needs to be discussed whether alignment or coordination of these two DRX patterns is needed, e.g. active time of two DRX patterns may avoid collision (e.g. for half duplex issue and reduced UE complexity) and be close as much as possible. An example is shown in the following Figure 1.
[image: ]
Figure 1 Two DRX pattern for bi-direction between a pair of UEs
In order to align active time between two directions, UE1 and UE2 can negotiate with each other to adjust some DRX parameters, e.g. DRX cycle offset. The baseline negotiation procedure can be:
· Step 1: TX UE 1 firstly sends DRX configuration of UE 1 -> UE 2 direction to RX UE 2. Optionally, there may be some parameters absence, e.g. DRX cycle offset, which means that RX UE 2 can decide these parameters by itself and return to TX UE 1 in the confirmation/complete message;
· Step 2: RX UE 2 may accept all of DRX parameters and send complete message to TX UE 1 for Acknowledgement. 
· Step 2-1: Additionally, UE 2 as a TX role meanwhile can carry the DRX configuration of the other direction, i.e. UE 2 -> UE 1, into the same message or separate message with complete message to UE 1;
· Step 2a: RX UE 2 may send updated DRX parameters, e.g. DRX cycle offset, to TX UE 1 for negotiation purpose. Then TX UE 1 accepts or rejects it. 
· Step 2a-1: Additionally, UE 2 as a TX role meanwhile can carry the DRX configuration of the other direction, i.e. UE 2 -> UE 1, into the same message or separate message with updated message to UE 1;
· Step 3: TX UE2 sends DRX configuration of the other direction, i.e. UE 2 -> UE 1, to RX UE 1, whose parameters are set based on alignment with received DRX parameters from UE 1 of UE 1 -> UE 2 direction;
· Step 4: RX UE 1 may accept all of DRX parameters and send complete message to TX UE 2 for Acknowledgement.
· Note: Step 2-1, step 2a-1 and step 3 will be one out of three. The former two mean interleaved bidirectional DRX configuration procedures. The last one shows serial bidirectional DRX configuration procedure.
We propose:
Proposal 5: RAN2 to consider the above as baseline for SL DRX negotiation procedure between TX and RX UEs.
The second issue is active time overlapping, which causes by DRX active time of one direction extension, e.g. triggered by inactivity timer restarting, into the onDuration period of the other direction. In fact, this overlapping issue is not specific for TX and RX DRX pattern alignment. As long as two directions DRX patterns are configured, active time overlapping issue exists even though the positions of two onDuration are configured far from each other.  Figure 2 exemplifies the active time overlapping between two directions in unicast communication.


[bookmark: _Ref68189517]Figure 2 Active time overlapping between two directions
Due to the half duplex constraint, a UE can only perform one direction during active time overlapping, the following potential prioritization rules can be considered when active time overlapping occurs:
· Compare the highest LCH priority between two directions, the direction with higher priority can be prioritized when overlapped;
· The direction with extended active time will be prioritized;
· The direction with starting active time will be prioritized;
· Negotiation of prioritized direction/rule with each other; 
It can be further studied and compared which rule(s) is reasonable and worth to be selected.
Proposal 6: RAN2 to study and conclude the prioritization rule(s) when active time overlapping between two directions DRX occurs.
Furthermore, a RX UE may communicate with more than one TX UEs or it will also transmit PC5 data, different TX UEs transmission time or its reception/transmission time will need some coordination. For example, a RX UE will have the best power saving performance when all of its data reception from different TX UEs can be as concentrated as possible. The UE1, as a TX UE, has already a configured transmission pattern with its RX UE2, e.g. called RX UE2 DRX pattern = TX UE1 transmission pattern. When the UE1, as a RX UE, wants to receive another UE3’ PC5 data, RX UE1 DRX pattern can be configured. Active time of RX UE1 DRX pattern will avoid collision with the one of RX UE2 DRX pattern if the UE1 has not simultaneous transmission and reception capability. An example is shown in the following Figure 3. In order to achieve the above alignment or collision avoidance, DRX parameters negotiation mechanism between RX UE and TX UE, at least for unicast, may be also considered.
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Figure 3 SL DRX pattern negotiation
This complex scenario can re-use the basic negotiation procedure between a pair of TX/RX UEs to achieve common alignment with multiple links. Each RX UE can suggest some new DRX parameters to its TX UE, e.g. DRX pattern offset. If TX UE accepts it, one negotiation procedure complete. There may be many negotiation procedures to align multiple links. Details can be left to UE implementation.
Proposal 7: Basic TX-RX DRX parameters negotiation procedure is defined per link/destination.
2.3 SL DRX alignment between Uu and SL
When a pair of TX and RX UEs configure SL DRX pattern, both two UEs have the possibility of being RRC connected. From RX UE perspective, if its Uu DRX pattern and SL DRX pattern can be aligned, RX UE will have the best power saving performance. From TX UE perspective, if its Uu DRX pattern and SL DTX pattern (which is aligned with SL DRX pattern of RX UE) can be coordinated, TX UE will have the best scheduling performance. An example is shown in the following Figure 1.


Figure 1 Coordination between Uu and SL DRX for TX and RX UEs
In the next subsections, we will further analyse coordination mechanisms from TX UE and RX UE side respectively.
RX UE in RRC Connected
When a PC5 RX UE is in RRC-Connected mode, it is useful to let its serving cell to know its SL DRX pattern since the serving cell can accordingly decide Uu scheduling more efficiently with lower power consumption, e.g. alignment between Uu DRX pattern and SL DRX pattern. For example, the signaling procedure is as followings:
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Figure 2 SL DRX pattern reporting to gNB of RX UE
Although SL DRX is the RX UE power saving requirement, SL DRX parameters cannot be directly decided by RX UE due to lack of detailed QoS information in RX UE side. It is not expected that RX UE wants a long DRX cycle to achieve maximum power saving performance but the QoS of services cannot be guaranteed, e.g. DRX cycle is much larger than PDB of services and user packets will be discarded when PDB expiry before active time arrivals. The basic SL DRX configuration and reporting procedure can be as followings:
· Step 1: TX UE gets SL DRX parameters from its serving cell or pre-configuration;
· If TX UE is in RRC connected mode, it reports SL service and DRX requirement to its serving cell. The serving cell sends the SL configuration including SL DRX parameters to TX UE;
· If TX UE is in RRC idle/inactive, it can obtain SL DRX parameters from SIB information based on its service/QoS flow type;
· If TX UE is OOC, it can obtain SL DRX parameters from pre-configuration message based on its services/QoS flows type;
· Step 2: TX UE sends SL DRX parameters to RX UE and receives complete or updated message via PC5 RRC procedure, which is at least for unicast link and FFS for broadcast and groupcast;
· Step 3: If this RX UE is in RRC connected mode, it should report its SL DRX parameters to its serving cell;
· Other steps: it can be left to the serving cell’s implementation how to use reported SL DRX parameters, e.g. to align Uu DRX pattern or assist Uu scheduling more efficiently.
Hence, we propose that:
Proposal 8: Connected RX UE should report its SL DRX parameters to its serving cell.
It is left to gNB implementation how to align SL DRX and Uu DRX/scheduling from RX UE side. In the other scenario that RX UE has been configured with Uu DRX pattern and SL service requirement arrives later, it is a natural way to permit RX UE to adjust received SL DRX parameters from TX UE, e.g. DRX pattern offset, based on its Uu Connected DRX pattern.

RX UE in RRC Idle/Inactive 
If a RX UE is in RRC Idle/Inactive, there is no Uu Connected DRX and scheduling for RX UE. But Idle/Inactive RX UE has Uu paging and SIB change notification monitoring pattern. 
If RX UE Uu paging and SIB notification pattern can be considered when RX and TX UE negotiates and decides SL DRX parameters, e.g. align the SL DRX pattern with Uu active pattern as much as possible, RX UE can obtain the maximum power saving gain without any overhead.  RX UE is permitted to adjust received SL DRX parameters from TX UE, e.g. DRX pattern offset, based on its Uu monitoring pattern.
Proposal 9: It is left to RX UE implementation whether SL DRX pattern will be impacted by its Uu active pattern of Idle/Inactive mode, e.g. paging and SIB notification pattern.

TX UE in RRC Connected 
As we understand, for an RRC connected TX UE, its Uu DRX configuration, Uu scheduling and SL DRX configuration are all under of its gNB control completely. Hence it is just gNB implementation how to coordinate between Uu and SL DRX.
For a TX UE with resource allocation mode 2, Uu operation and SL operation are almost independent. The key point of coordination between Uu and SL will be to have closed active times between SL and Uu to let UE wake up once and complete both Uu monitoring and SL transmission.
For a TX UE with resource allocation mode 1, SL resource should be scheduled via Uu. Besides for the above closed active times between SL and Uu, it should be also considered how to schedule SL resources efficiently with SL and Uu DRX.
Observation: For a connected TX UE, it is left to gNB implementation how to coordinate among Uu DRX, SL DRX and even SL scheduling for a Mode 1 TX UE.
Furthermore, if an RRC Connected TX UE, has performed DRX parameter negotiation procedure with its RX UE(s), e.g. DRX pattern offset updated, it needs to report its new DRX patterns to its serving cell for better scheduling and coordination between SL DRX and Uu DRX pattern.
Proposal 10: Connected TX UE needs to report its new SL DRX parameters to its serving cell after SL negotiation for better scheduling and coordination between SL DRX and Uu DRX parameters.
TX UE in RRC Idle/Inactive 
If a TX UE is in RRC Idle/Inactive, there is no Uu Connected DRX and scheduling for this UE. But Idle/Inactive TX UE has Uu paging and SIB change notification monitoring pattern. 
If TX UE Uu paging and SIB notification pattern can be considered when TX UE decides SL DRX parameters, e.g. align the SL DRX pattern (i.e. DTX from TX UE side) with Uu active pattern as much as possible, TX UE can obtain the maximum power saving gain without any overhead.  For example, TX UE is permitted to decide SL DRX parameters obtained from SIB, e.g. DRX pattern offset, based on its Uu monitoring pattern.
Proposal 11: It is left to TX UE implementation whether SL DRX pattern will be impacted by its Uu active pattern of Idle/Inactive mode, e.g. paging and SIB notification pattern.
2.4 SL DRX command MAC CE for unicast
RAN2 agreed SL DRX Command MAC CE is introduced for SL DRX operation in unicast in the last meeting, while the UE behavior is pending on the email discussion of SL DRX related timers. At least the SL DRX Command MAC CE format can be considered. 
In NR Uu, the DRX Command MAC CE is identified by a MAC subheader with LCID with zero MAC CE payload.  The control granularity of the DRX Command MAC CE is per UE/link. For NR sidelink unicast, there may be one or more unicast links established between two peers UEs, thus the control granularity of the SL DRX Command MAC CE should be per unicast link. According to Rel-16 NR V2X, each unicast link is identified by a specific Destination L2 ID. Therefore, the control granularity of the SL DRX Command MAC CE is per Destination L2 ID. 
Given that the Destination L2 ID of a SL MAC PDU is implicitly carried by SCI and MAC SL-SCH subheader, there is no need to duplicate the Destination L2 ID information in the SL DRX Command MAC CE payload.  From this perspective, the SL DRX Command MAC CE format can reuse the NR Uu DRX Command MAC CE, which is illustrated in below Figure 1.


Figure 1. Example of a SL MAC PDU carrying SL DRX Command MAC CE
Hence, 
Proposal 12: The control granularity of the SL DRX Command MAC CE for unicast is per link/destination. The destination information is implicitly carried by SCI and MAC SL-SCH subheader.
Proposal 13: Similar to NR Uu, a new LCID in the MAC CE subheader with zero MAC CE payload is defined as the SL DRX Command MAC CE format for unicast.

3. Conclusion
In this contribution, we give analysis and solutions on SL DRX for unicast.  Based on the discussion, we have the following observation and proposals:
Observation: For a connected TX UE, it is left to gNB implementation how to coordinate among Uu DRX, SL DRX and even SL scheduling for a Mode 1 TX UE.
Hence, we propose:
Proposal 1: SL DRX configuration should be sent from the TX UE to its RX UE via PC5 RRC reconfiguration per direction for a pair of source & destination L2 IDs for unicast, i.e. TX-centric.
Proposal 2: Similar to R16 V2X configuration acquisition, SL DRX parameters of TX UE comes from:
· Dedicated RRC signaling for RRC-Connected TX UE;
· SIB for RRC Idle/Inactive TX UE;
· Pre-configuration signaling for OOC TX UE;
Proposal 3: DRX parameter configuration in SIB and pre-configuration may include the mapping of QoS flow to DRX parameters set and the most stringent DRX parameters set among multiple QoS flows mapping and random offset should be finally chosen. 
Proposal 4: RX UE can provide some assistance information about SL DRX confiugration, e.g. power saving preference (e.g. on/off), recommended offset and so on.
Proposal 5: RAN2 to consider the above as baseline for SL DRX negotiation procedure between TX and RX UEs.
Proposal 6: RAN2 to study and conclude the prioritization rule(s) when active time overlapping between two directions DRX occurs.
Proposal 7: Basic TX-RX DRX parameters negotiation procedure is defined per link/destination.
Proposal 8: Connected RX UE should report its SL DRX parameters to its serving cell.
Proposal 9: It is left to RX UE implementation whether SL DRX pattern will be impacted by its Uu active pattern of Idle/Inactive mode, e.g. paging and SIB notification pattern.
Proposal 10: Connected TX UE needs to report its new SL DRX parameters to its serving cell after SL negotiation for better scheduling and coordination between SL DRX and Uu DRX parameters.
Proposal 11: It is left to TX UE implementation whether SL DRX pattern will be impacted by its Uu active pattern of Idle/Inactive mode, e.g. paging and SIB notification pattern.
Proposal 12: The control granularity of the SL DRX Command MAC CE for unicast is per link/destination. The destination information is implicitly carried by SCI and MAC SL-SCH subheader.
Proposal 13: Similar to NR Uu, a new LCID in the MAC CE subheader with zero MAC CE payload is defined as the SL DRX Command MAC CE format for unicast.
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