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Introduction

After RAN2#114-e meeting, a email discussion [1] has discussed how to make sure Rel-16 UEs not supporting SL DRX are not involved in SL communication in DRX manner. In this contribution, we will further discuss the backward compatibility for SL DRX  related issues, such as whether a new TX profile can be used to solve this issue..

Discussion
Backward compatibility issue

As we know, RX UE may miss the reception from TX UE if the transmission time occasion of the TX UE is out of the range of reception time occasion of the RX UE.

Observation 1: RX UE may miss the reception from TX UE if the transmission time occasion of the TX UE is out of the range of reception time occasion of the RX UE.

To avoid the RX UE miss the reception from the TX UE, it is suggested ensuring that the TX UE will not perform sidelink transmission during the time occasion that is out of the range of reception time occasion of the RX UE.

It is suggested to ensure that the TX UE will not perform sidelink transmission during the time occasion out of the range of reception time occasion of the RX UE.

If TX UE is a SL DRX capable UE  but RX UE  is a SL DRX incapable UE, there is not impacts on RX UE since RX UE will not miss the reception from this TX UE. However, if the TX UE can know that the RX UE does not active SL DRX, it will also not active SL DRX function for the associated link.
Observation 2: If TX UE is a SL DRX capable UE  but RX UE  is a SL DRX incapable UE, there is no big issue since the RX UE will not miss the reception from this TX UE.
If TX UE is SL DRX incapable UE it may perform sidelink transmission at any time within the sidelink transmission resource pool, if RX actives SL DRX, it monitors the sidelink message only in the active time, then the RX UE may miss the reception from this TX UE.

Observation 3: If TX UE is a SL DRX incapable UE but RX UE actives SL DRX, the RX UE may miss the reception from this TX UE. 

Backward compatibility solution
To ensure that the TX UE will not perform sidelink transmission during the time occasion out of the range of reception time occasion of the RX UE, following two basic alternatives can be considered:
Alternative1: RX UE keep aligned with TX UE, if TX UE is a SL DRX incapable UE, RX UE shall not active SL DRX function.
Alternative2: ensure that the SL DRX incapable UE will always perform sidelink transmission during the time occasion belong to the active time of the RX UE.
To ensure that TX UE will not perform sidelink transmission during the time occasion out of the range of reception time occasion of the RX UE, following two basic alternatives can be considered:
Alternative1: RX UE keeps aligned with TX UE, if TX UE is a SL DRX incapable UE, RX UE shall not active SL DRX function.
Alternative2: Ensure that the SL DRX incapable UE will always perform sidelink transmission during the time occasion within the active time of the RX UE.
Alternative1:
To support alternative1, the most important issue is to ensure the TX UE can be aware of whether RX UE supports and active SL DRX.

Observation 4: To support alternative1, the most important issue is to ensure the TX UE can be aware of whether RX UE supports and actives SL DRX.
As we know, for sidelink unicast, the UE may initiate the sidelink UE capability transfer procedure after they have established PC5 RRC connection. After that, the TX UE may configure dedicated DRX configuration for the RX UE. If any of the UE  does not support SL DRX capability, the SL DRX function will not be active. However, there is no sidelink UE capability transfer procedure for sidelink groupcast/broadcast, but both DRX-capable UEs and DRX-incapable UEs (such as a R16 UE) may be involved in the same sidelink group or the same broadcast service, if  a DRX-capable RX UE performs sidelink reception with DRX but a DRX-incapable TX UE performs sidelink transmission without considering DRX, the RX UE may miss the sidelink message from this DRX-incapable TX UE. 
Observation 5:  There is no sidelink UE capability transfer procedure for sidelink groupcast/broadcast, but both DRX-capable UEs and DRX-incapable UEs may be involved in the same sidelink group or the same broadcast service.

Therefore, to support alternative1,  RAN2 shall consider a mechanism to ensure that DRX-capable UE will not miss sidelink  message from a  DRX-incapable UE due to SL DRX. 
To be specific, following ways can be considered:
Exchange SL UE capability information via PC5-RRC. 

This can only be used for sidelink unicast when the sidelink unicast has been established.
Introduce Tx profile 

During LTE, based on TS 23.285, the mapping of service types (e.g. PSID or ITS-AIDs) to Tx Profiles is configured in the UE, The mapping from Destination L2 ID to Tx Profile is configured in the eNB.

	23.285

4.4.1.1.2
Policy/Parameter provisioning
The following information for V2X communications over PC5 reference point is provisioned to the UE:

1)
Authorization policy:
2)
Radio parameters for when the UE is "not served by E-UTRAN":

3)
Policy/parameters:

-
The mapping of Destination Layer-2 ID(s) and the V2X services, e.g. PSID or ITS-AIDs of the V2X application.
-
The mapping of ProSe Per-Packet Priority and packet delay budget for V2X communication (autonomous resources selection mode).

-
The list of V2X services, e.g. PSID or ITS-AIDs of the V2X applications, with Geographical Area(s) that require privacy support.

-
The mapping of service types (e.g. PSID or ITS-AIDs) to V2X frequencies (see TS 36.300 [10] for further information) with Geographical Area(s).

-
The mapping of service types (e.g. PSID or ITS-AIDs) to Tx Profiles (see TS 36.300 [10] for further information).

-
The list of V2X services, e.g. PSID or ITS-AIDs of the V2X applications, allowed to use a specific PPPR value.

Alternatively, the above parameters in 2) and 3) may be configured on the UE through the V1 reference point from the V2X Application Server. The V2X Control Function may also obtain these parameters through the V2 reference point from the V2X Application Server.

The parameters provisioned by the V2X Control Function take precedence over the configured parameters on the UE.

4.4.2
V2X message transmission/reception over PC5 reference point
The identifiers used in the V2X communication over PC5 reference point are described in clause 4.5.1. UE decides on the Tx Profile to use for the transmission of a particular packets based on the configuration described in clause 4.4.1.1.2.
When the network scheduled operation mode is used, following additional principle applies:
-
When the eNB receives a request for PC5 resource from a UE, the eNB may deduce the Tx Profile from the Destination L2 ID.

NOTE 1:
The mapping from Destination L2 ID to Tx Profile is configured in the eNB. The eNB can determine the Tx Profiles that the UE needs to use for transmitting the packets thus utilising the resources available appropriately -i.e. handling of sidelink grant), see TS 36.321 [26] for details.
5.3
Procedure for V2X communication over PC5 reference point

To perform V2X communication over PC5 reference point, the UE is configured with the related information as described in clause 4.4.1.1.
The procedure for one-to-many ProSe Direct Communication transmission described in clause 5.4.2 of TS 23.303 [5] is applied to V2X communication over PC5 reference point with following differences:

-
The source Layer-2 ID is set to the Layer-2 ID described in clause 4.5.1.
-
A UE shall be configured with a set of Layer-2 ID corresponding to different type of services.
-
A UE shall be configured with the mapping of services types to Tx Profiles as described in clause 4.4.1.1.2, and selects a Tx Profile to use based on the upper layer provided service type (PSID/ITS-AID).


Similarly, the NAS layer may pass the Tx profile per destination id to the AS layer, then the AS layer can identify whether  DRX-incapable UE exists for associated sidelink groupcast/broadcast service. For this alternative, there is no spec impacts on AS layer. 

In LTE, the set of TX profile only includes R14 and R15, and TX profile has not been introduced in NR at present. If a similar scheme is adopted, R16 or R17 instructions can be introduced. However, if SL DRX is not a mandatory capability for  R17 UE, even R17 UE may not support SL DRX function. It is not reasonable to judge whether supporting SL DRX just by TX profile of R16 and R17.

Observation 6: if SL DRX is not a mandatory capability for R17 UE, some R17 UE may not support SL DRX function. We cannot identify whether SL DRX is supported just by TX profile of R16 and R17.
RAN2 shall confirm whether all R17 UE supports SL DRX function.
Another way is to introduce the indication of SL DRX function for TX profile. For broadcast and groupcast (including DCR before unicast connection establishment), for each destination ID / services types, if there is a UE that does not support SL DRX function to send sidelinik data, the TX profile corresponding to the destination ID / services type indicates that the receiving UE cannot activate SL DRX function. However, whether this new Tx profile can be  introduced depends on SA2.

Similarly, for a TX UE, if it can support SL DRX, whether it shall active SL DRX for transmission depends on the SL DRX configuration of the RX UE.  For sidelink unicast, the SL DRX of RX UE is configured by the TX UE, it is easy for the TX UE to decide whether active SL DRX for transmission and keep the SL DRX configuration aligned with the RX UE for each link. For sidelink groupcast/broadcast, it is uncertain whether the TX UE can be aware of whether any RX UE is may be SL DRX capable UE, it suggested to send a LS to SA2 to check whether TX UE can be aware of  any of RX UE(s) may be SL DRX capable UE per destination id/services type.
It is suggested to send a LS to SA2 to check whether RX UE can be aware of  any of TX UE(s) may be SL DRX incapable UE per destination id/services type, and whether TX UE can be aware of  any of RX UE(s) may be SL DRX capable UE per destination id/services type.

Alternative2: differentiate sidelink resource pool for  SL DRX-capable UE and  SL DRX-incapable UE

If UE has no way to know whether  SL DRX-incapable UE exists for associated sidelink groupcast/broadcast traffic, in order to ensure that the SL DRX-capable UE will not miss the sidelink message from a  DRX-incapable UE even if the DRX function is active, a straight way is to make all the time domain resource of sidelink transmission resource pool of  SL DRX-incapable UE fall in the range of active time of groupcast/broadcast DRX configuration. Considering both the groupcast/broadcast DRX and sidelink transmission resource pool  are configured by Network for in-coverage UE and pre-configured for out of coverage UE,  how to ensure the UE can receive all the sidelink message from a  DRX-incapable UE when the DRX function is active can be up to NW implementation. The only impacts on AS specification is to  differentiate sidelink resource pool for SL  DRX-capable UE and  SL DRX-incapable UE.  

Observation 7: Differentiating sidelink resource pool for  SL DRX-capable UE and  SL DRX-incapable UE can ensure the SL DRX-capable UE receives the sidelink message from a DRX-incapable UE by NW implementation.
For sidelink unicast, after the unicast link is established, the SL DRX of RX UE is configured by TX UE, so TX UE certainly know whether SL DRX is activate for RX UE. For sidelink groupcast/broadcast, it is uncertain whether the RX UE know whether TX UE  supports SL DRX or not. if SA confirms that the RX UE can be aware of whether TX UE  supports SL DRX or not based on TX profile, then it can decides whether active SL DRX per destination id. Otherwise, SL DRX incapable UE/rel-16 UE and DRX capable UE shall use different resource pools, and the resource pool for DRX capable UE shall include  the resource pool for SL DRX incapable UE.

If a RX UE cannot be aware of  any of TX UE(s) may be SL DRX incapable UE per destination id/services type, differentiating sidelink resource pool for SL DRX-capable UE and  SL DRX-incapable UE shall be considered.
Conclusion

Based on the analysis provided above, we have the following observation and proposals:

Observation 1: RX UE may miss the reception from TX UE if the transmission time occasion of the TX UE is out of the range of reception time occasion of the RX UE.

Observation 2: If TX UE is a SL DRX capable UE  but RX UE  is a SL DRX incapable UE, there is no big issue since the RX UE will not miss the reception from this TX UE.
Observation 3: If TX UE is a SL DRX incapable UE but RX UE actives SL DRX, the RX UE may miss the reception from this TX UE. 

Observation 4: To support alternative1, the most important issue is to ensure the TX UE can be aware of whether RX UE supports and actives SL DRX.
Observation 5:  There is no sidelink UE capability transfer procedure for sidelink groupcast/broadcast, but both DRX-capable UEs and DRX-incapable UEs may be involved in the same sidelink group or the same broadcast service.

Observation 6: if SL DRX is not a mandatory capability for R17 UE, some R17 UE may not support SL DRX function. We cannot identify whether SL DRX is supported just by TX profile of R16 and R17.
Observation 7: Differentiating sidelink resource pool for  SL DRX-capable UE and  SL DRX-incapable UE can ensure the SL DRX-capable UE receives the sidelink message from a DRX-incapable UE by NW implementation.
It is suggested to ensure that the TX UE will not perform sidelink transmission during the time occasion out of the range of reception time occasion of the RX UE.

To ensure that TX UE will not perform sidelink transmission during the time occasion out of the range of reception time occasion of the RX UE, following two basic alternatives can be considered:
Alternative1: RX UE keeps aligned with TX UE, if TX UE is a SL DRX incapable UE, RX UE shall not active SL DRX function.
Alternative2: Ensure that the SL DRX incapable UE will always perform sidelink transmission during the time occasion within the active time of the RX UE.

RAN2 shall confirm whether all R17 UE supports SL DRX function.
It is suggested to send a LS to SA2 to check whether RX UE can be aware of  any of TX UE(s) may be SL DRX incapable UE per destination id/services type, and whether TX UE can be aware of  any of RX UE(s) may be SL DRX capable UE per destination id/services type.
If a RX UE cannot be aware of  any of TX UE(s) may be SL DRX incapable UE per destination id/services type, differentiating sidelink resource pool for SL DRX-capable UE and  SL DRX-incapable UE shall be considered.
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