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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]This paper is to discuss the configuration issues on sidelink DRX. For which we have following agreement from RAN2#113e. 
For broadcast and groupcast
[bookmark: _Hlk64898376]2:	For SL groupcast/broadcast, SL DRX configuration can be configured in common. FFS on granularity of SL DRX configuration.
1: 	For broadcast/groupcast, for out-of-coverage case, TX-UE/RX-UE obtain DRX configuration from pre-configuration.
2:	For broadcast/groupcast, for in-coverage case, RRC_IDLE/INACTIVE TX-UE/RX-UE obtain DRX configuration from SIB. It is up to network implementation how to coordinate active time between different cells.
3:	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.
For 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.
4:	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.
5: 	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.
For granularity of each configuration
2:	For SL groupcast/broadcast, SL DRX configuration can be configured in common. FFS on granularity of SL DRX configuration.
1: 	RAN2 kindly agree that for groupcast and broadcast communication further granularity to multiple sets of DRX configurations (beyond just cast type) is required i.e. more than two DRX Cycle configurations should be supported in specification.
2:	RAN2 will study/discuss how PQI and/or L2 destination ID is used to derive groupcast and broadcast DRX configuration.
5:  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.


Who to configure?
DRX for Broadcast and Groupcast
According to RAN2#113e agreement, the only FFS point for BC/GC DRX configuration is whether dedicated-RRC can be used for RRC_CONNECTED TX-UE/RX-UE.
Firstly, one should exclude the case of SIB delivery using dedicated-RRC, which is still based on the cell-specific SIB information, i.e., not UE-specific configuration.
Proposal 1 [bookmark: _Toc68249356]For SL broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB (which can be delivered via dedicated-RRC signalling).
[bookmark: _Toc59021316][bookmark: _Toc59021463][bookmark: _Toc59031912]Secondly, whether UE-specific RRC is feasible:
· If the UE-specific RRC signalling is to configure DRX for RX-UE, it is obviously not feasible, data delivery group-cast and broadcast is naturally not per-UE;
· Or if the UE-specific RRC signalling is to configure DRX for TX-UE, it could be feasible, i.e., it can be used to configure per-UE TX resources, as a subset of RX-resources allowed by the DRX configuration for RX-UE;
But then if one for the latter point to go for the UE-specific DRX configuration, it should be achievable already by configuring UE-specific TX pool (mode-2) or via UE-specific SL grant provisioning (mode-1).
[bookmark: _Toc68249350]The UE-specific DRX for RX-UE is not feasible, and the UE-specific DRX for TX-UE is already feasible by configuring TX resource (pool) in UE-specific manner.
Proposal 2 [bookmark: _Toc68249357]For SL broadcast and groupcast, do not pursue dedicated-RRC based UE-specific DRX configuration for RRC_CONNECTED TX-UE/RX-UE.
DRX for Unicast
For Unicast, before digging into DRX configuration, it is helpful to re-screen the signalling flow


Figure 2 Signaling flow chart for SL unicast link establishment
The first question is how to implement the DRX for the PC5-S / PC5-RRC messages before AS-layer configuration. One straightforward solution is to rely on default configuration, i.e., non-DRX before each UE getting the dedicated configuration via PC5-RRC. E.g.,
For DCR message, 
1. If it is sent in broadcast manner, it can follow the DRX mechanism for broadcast message, i.e., UE1 sending the PC5-S message to UE2 using broadcast resource pool, for which the power saving gain comes from the sparse resource pool.
2. If it is sent in unicast manner, a default DRX configuration is needed, which has to be pre-known by Tx UE, e.g., a pre-defined On-duration, which can be derived by Rx-UE. 
A. If the on-duration is within the DRX on-duration for broadcast and if assuming the UE would anyway monitor broadcast traffic, there is nothing to be done. 
B. Otherwise, further optimization can be considered, e.g., based on the ID of Rx-UE to allow UE-specific on-duration for signalling overhead evenly distribution.
Proposal 3 [bookmark: _Toc65139453][bookmark: _Toc65140567][bookmark: _Toc65140836][bookmark: _Toc65140876][bookmark: _Toc65143897][bookmark: _Toc68249358]For DCR message sent via broadcast L2 address, follow DRX for SL broadcast.
Proposal 4 [bookmark: _Toc68249359]For DCR message sent via unicast L2 address, RAN2 discuss either follow DRX for SL broadcast, or define specific DRX pattern for unicast DCR reception based on unicast L2 address.
Afterward, for the other PC5-S messages (SMC, SMC-ACK, DCA) and PC5-RRC messages (UECapabilityEnquirySidelink, UECapabilityInformationSidelink), the two UEs communicate without DRX, i.e., continuous reception is used. Until the reception of RRCReconfigurationSidelink, DRX can be enabled afterward.
Proposal 5 [bookmark: _Toc68249360]For SL unicast, after receiving DCR message and before DRX configuration is configured successfully via PC5-RRC, the two UEs exchange data/signaling in non-DRX manner. 
Then the problem is just which side to make the final decision on this, either Tx-UE side (or the network behind Tx-UE) or the Rx-UE side (or the network behind Rx-UE):


  
Figure 3 Unicast DRX configuration (Left: Tx-UE centric, Right: Rx-UE centric)
Comparing the two approaches, 
	Disadvantage
	If rely on Rx-UE to control the DRX configuration
	If rely on Tx-UE to control the DRX configuration

	1
	Two RX-UE may require a TX-UE to send data on the same resource, but that is infeasible since TX-UE can only perform one single transmission at one slot.
	different TX-UE may require a same RX-UE to wake up at different time, so increase the power consumption.

	2
	It violates the sidelink design framework of “Tx-centric” since Rel-12, i.e., Tx-UE itself (or the network behind) to decide on the transmission. In more details, the Rx-UE has no information on Tx-side traffic characteristics and resource configuration. Signaling-wise, currently PC5-RRC design is to rely on TX-UE to configure SDAP/PDCP/RLC/MAC/PHY configuration. If DRX configuration becomes an exceptional case, i.e., only this parameter is configured by Rx-UE, then when there is any causality / coupling between DRX and other parameters, it becomes a chicken-and-egg issue, i.e., two related parameters configured by two separate entities (i.e., TX-UE and RX-UE), which may further cause discussion / work on how to coordinate between the two entities
	

	3
	Without information of Tx-side traffic characteristics and resource configuration, it is not feasible to rely on Rx-UE to make a final decision on the DRX configuration 
	


I.e., it seems TX-centric approach have more (less) advantages (disadvantages), especially considering that the only disadvantage can be alleviated by assistance information from RX-UE.
[bookmark: _Toc68249351]TX-centric approach have more (less) advantages (disadvantages) than RX-centric approach.
To mimic DRX configuration of Uu interface in RRC_CONNECTED state, for unicast, DRX-configuration as a part of AS-layer configuration, can be configured using PC5-RRC procedure for AS-layer configuration, which has been introduced in R16. In details:
· UE2 sends the DRX configuration to UE1, in order to configure the DRX parameter for UE2=>UE1 direction;
· UE1 sends the DRX configuration to UE2, in order to configure the DRX parameter for UE1=>UE2 direction;
In this way, the R16 configuration framework is kept, and DRX-configuration support is just to add the MAC layer parameters to the AS-layer configuration PC5-RRC procedure.
On the other hand, since the power saving gain is mainly at Rx-UE side, which should have a chance to express its preference on the resources from power efficiency perspective. It is similar to the UAI message utilized in Uu interface to suggest DRX configuration from UE perspective.


Figure 4 Unicast DRX configuration with assistance of DRX-Pattern Preference from Rx-UE
Proposal 6 [bookmark: _Toc68249361]For SL unicast, rely on TX-UE to configure the per-direction DRX via PC5-RRC, taking into account of assistance information from RX-UE.
When it comes to the network involvement, regardless of whether TX-centric or RX-centric approach is adopted, there is 
· One UE (or the network behind) to decide on the SL DRX configuration, e.g., UE-A in the figure below; and
· The other UE (or the network behind) to follow the SL DRX configuration, e.g., UE-B in the figure below;
So in the following figure, it can be seen that


Figure 1 DRX configuration and coordination between Uu/SL-DRX
· For UE-A (controlling UE), the serving network is the one sending out SL-DRX, so the coordination between SL-DRX and Uu-DRX is up to network implementation;
· For UE-B (controlled UE), for the serving network to coordinate between SL-DRX and Uu-DRX, the SL-DRX needs to be sent to the network by UE-B.
[bookmark: _Toc61348423][bookmark: _Toc68249352]For SL unicast, for the UE deciding on the SL-DRX, its serving network can coordinate between SL-DRX and Uu-DRX by implementation.
Proposal 7 [bookmark: _Toc61348426][bookmark: _Toc68249362]For SL unicast, for UE-A who receives SL-DRX configuration via RRCReconfigurationSidelink from the other UE-B, UE-A reports the received SL-DRX to network for network to decide Uu-DRX in a coordinated manner.
On the other hand, it is not preferred to let one UE to decide on the DRX parameter by its own:
· For TX-centric approach, it is not preferred to let Tx-UE (or the network behind) to decide by its own, since the power saving gain is mainly at Rx-UE side, which should have a chance to express its preference on the resources from power efficiency perspective.
· For RX-centric approach, it is not preferred to let Rx-UE to decide by its own either, since the TX resources and traffic pattern information is under control by Tx-UE.
Furthermore, 
· If UE-A is in RRC_CONNECTED state, the preference is to be sent to the serving network, for it to decide on the proper DRX configuration;
· Or if UE-A in RRC_INACTIVE/IDLE state which is to receive paging message, the Uu DRX coordination can be implemented by UE-A implementation, i.e., to coordinate with the Uu paging occasion, when deciding on SL-DRX configuration;
Considering this, there should be one chance to let the controlled UE to express its preference to the controlling UE, for the controlling UE to make a compatible decision on the DRX parameter


Figure 2 DRX configuration and coordination between Uu/SL-DRX (w/ preference from UE-B)
Proposal 8 [bookmark: _Toc61348427][bookmark: _Toc68249363]For SL unicast, for UE-A who receives SL-DRX configuration via RRCReconfigurationSidelink from the other UE-B, UE-A sends the SL-DRX preference information to UE-B, and the UE-B (if in RRC_CONNECTED state) forward the SL-DRX preference information to its serving network.
How to configure?
R16 Compatibility 
The compatibility issue comes from the introduction of SL DRX in R17: As shown in the following table
Table 1 R16/17 compatibility issue
	
	R16 Tx UE
	R17 Tx UE

	Rx UE w/o DRX 
	Case-1
	Case-2

	Rx UE w/ DRX (R17 UE)
	NOK
	Case-3


[bookmark: _Toc67496823][bookmark: _Toc65052983][bookmark: _Toc67496824][bookmark: _Toc68249353][bookmark: _Ref60924897]Compatibility issue exists between R16 UE and R17 UE configured with DL-DRX.
R16 can only support Case-1, but the question is how for a R17 Tx UE to differentiate between 
· Case-2: where the transmission is not restricted in time domain;
· Case-3: where the transmission is restricted to the DRX active time;
According to 23.287, the mapping of service types and Tx profiles can be used to indicate for each Tx profile the corresponding transmission format. It can be applied here: 
· If the Tx profile for a specific service indicates Rel-17, then the UE shall use Rel-17 compatible format, i.e. considers this transmission is for DRX enabled UE, and only transmits when the Rx UE(s) is active. 
· Otherwise, there is no restriction to the transmission due to DRX.
	The following sets of information for V2X communications over PC5 reference point is provisioned to the UE:
[…]
3)	Policy/parameters for PC5 RAT selection and for PC5 Tx Profile selection:
-	The mapping of V2X service types to PC5 RAT(s) (e.g. LTE PC5, NR PC5 or both), and to the corresponding Tx Profiles (see TS 36.300 [9] and TS 38.300 [11] for further information).
[…]


[bookmark: _Toc67496825][bookmark: _Toc65052984][bookmark: _Toc67496826][bookmark: _Toc68249354]Tx profile can be used to differentiate the transmissions targeting at DRX-capable (R17) UE and DRX-incapable (R16) UE.
One may consider another alternative of splitting the pools, e.g., 
· R16 pool for the Rx UE w/o DRX (including R16 UE)
· R17 pool for the Rx UE w/ DRX (for R17 UE only)
But this pool splitting method does not solve the issue, since 
· From Rx perspective, even without pool division, it knows where to do the reception;
· From Tx perspective, it still does not know how to select between case-2/3, i.e., which pool to select. In other words, if without Tx profile, Tx UE still does not know whether the upper layer data has to be sent considering DRX or not, so it implies that the Tx UE has to send the data in both R16 pool and R17 pool in a redundant manner.
[bookmark: _Toc67496827][bookmark: _Toc68249355]Pool separation between R16 and R17 does not really help Tx UE to select between Rx UE w/ and w/o DRX.
Proposal 9 [bookmark: _Toc65052986][bookmark: _Toc67496835][bookmark: _Toc68249364]Introduce Tx profile for R17, at least to differentiate traffic targeting at DRX-capable (R17) and DRX-incapable (R16) UE.
Applicable slot for SL-DRX
Before digging into the detailed aspect on cast-type-specific DRX configuration, maybe good to clarify the relationship between DRX configuration and resource configuration. 
The DRX configuration may overlap with
1. A/B: the configured SL resource pool, which can be either TX pool for TX-UE, or RX pool for RX-UE;
2. C: SL resources but out of any configured pool, which may include slots for SL SSB or reserved subframe;
3. D: non SL resource, e.g., for SL deployed at Uu carrier, resource-D can be the subframes for UL/DL;

[image: ]
Figure 1 SL DRX configuration vs. SL resource configuration
Obviously, DRX configuration has to reach a common understand at TX-UE side and RX-UE side, i.e., based on a common resource sets to calculate the length of offset and cycle, and based on a common resource sets to increase / decrease the timers. In light of that
· DRX configuration cannot be configured in a per-pool manner, since the TX-pool and RX-pool may be different for TX-UE and RX-UE;
· DRX configuration cannot be applied to non-SL resource (resource-D above) and the resources which cannot be used for data transmission, i.e., subframe for SSB or reserved subframe;
Due to reasons above, the DRX configuration should be apply to resource-A/B plus the resource-C excluding the SSB and reserved subframe, i.e., all resources that can carry PSCCH/PSSCH.
It is also aligned with the definition in RAN1 as follows
The set of slots that may belong to a sidelink resource pool is denoted by  where
-	 
-	the slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell or DFN 0,
-	the set includes all the slots except the following slots, 
-	 slots in which S-SS/PSBCH block (S-SSB) is configured,
-	 slots in each of which at least one of Y-th, (Y+1)-th, …, (Y+X-1)-th OFDM symbols are not semi-statically configured as UL as per the higher layer parameter tdd-UL-DL-ConfigurationCommon-r16 of the serving cell if provided or sl-TDD-Configuration-r16 if provided or sl-TDD-Config-r16 of the received PSBCH if provided, where Y and X are set by the higher layer parameters sl-StartSymbol and sl-LengthSymbols, respectively.
-	The reserved slots which are determined by the following steps.
1)	the remaining slots excluding  slots and  slots from the set of all the slots are denoted by  arranged in increasing order of slot index. 
2)	a slot  belongs to the reserved slots if , here  and  where  denotes the length of bitmap configured by higher layers.  
-	The slots in the set are arranged in increasing order of slot index.
I.e., the said “the set of slots that may belong to a sidelink resource pool”.
Proposal 10 [bookmark: _Toc67493708][bookmark: _Toc67496836][bookmark: _Toc67493709][bookmark: _Toc67496837][bookmark: _Toc67496838][bookmark: _Toc68249365]For SL DRX, UE bases on the SL resources other than the ones for SSB or reserved subframe (i.e., the “the set of slots that may belong to a sidelink resource pool” in RAN1 spec) to calculate the length of DRX cycle, offset and timers.

Conclusion
We have the following observations:
Observation 1	The UE-specific DRX for RX-UE is not feasible, and the UE-specific DRX for TX-UE is already feasible by configuring TX resource (pool) in UE-specific manner.
Observation 2	TX-centric approach have more (less) advantages (disadvantages) than RX-centric approach.
Observation 3	For SL unicast, for the UE deciding on the SL-DRX, its serving network can coordinate between SL-DRX and Uu-DRX by implementation.
Observation 4	Compatibility issue exists between R16 UE and R17 UE configured with DL-DRX.
Observation 5	Tx profile can be used to differentiate the transmissions targeting at DRX-capable (R17) UE and DRX-incapable (R16) UE.
Observation 6	Pool separation between R16 and R17 does not really help Tx UE to select between Rx UE w/ and w/o DRX.

We have the following proposals:
Proposal 1	For SL broadcast/groupcast, for in-coverage case, for RRC_CONNECTED TX-UE/RX-UE can obtain DRX configuration from SIB (which can be delivered via dedicated-RRC signalling).
Proposal 2	For SL broadcast and groupcast, do not pursue dedicated-RRC based UE-specific DRX configuration for RRC_CONNECTED TX-UE/RX-UE.
Proposal 3	For DCR message sent via broadcast L2 address, follow DRX for SL broadcast.
Proposal 4	For DCR message sent via unicast L2 address, RAN2 discuss either follow DRX for SL broadcast, or define specific DRX pattern for unicast DCR reception based on unicast L2 address.
Proposal 5	For SL unicast, after receiving DCR message and before DRX configuration is configured successfully via PC5-RRC, the two UEs exchange data/signaling in non-DRX manner.
Proposal 6	For SL unicast, rely on TX-UE to configure the per-direction DRX via PC5-RRC, taking into account of assistance information from RX-UE.
Proposal 7	For SL unicast, for UE-A who receives SL-DRX configuration via RRCReconfigurationSidelink from the other UE-B, UE-A reports the received SL-DRX to network for network to decide Uu-DRX in a coordinated manner.
Proposal 8	For SL unicast, for UE-A who receives SL-DRX configuration via RRCReconfigurationSidelink from the other UE-B, UE-A sends the SL-DRX preference information to UE-B, and the UE-B (if in RRC_CONNECTED state) forward the SL-DRX preference information to its serving network.
Proposal 9	Introduce Tx profile for R17, at least to differentiate traffic targeting at DRX-capable (R17) and DRX-incapable (R16) UE.
Proposal 10	For SL DRX, UE bases on the SL resources other than the ones for SSB or reserved subframe (i.e., the “the set of slots that may belong to a sidelink resource pool” in RAN1 spec) to calculate the length of DRX cycle, offset and timers.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[1] [bookmark: _Ref32829969]3GPP TS 23.287 V16.5.0(2020-12); 3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services (Release 16)
[2] 3GPP RP-201516 " WID revision: NR sidelink enhancement ".
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