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Introduction

During RAN2#115-e meeting, agreements on TX profiles for backward compatibility have been reached as below. However, there are still issues left for backward compatibility. In addition, DFN between TX UE and RX UE mismatch issue is raised during previous meeting. In this contribution, we will further discuss these two issues.

Agreements on TX profiles:

1: 
For GC/BC, TX profile is introduced in Rel-17 for sidelink enhancement. FFS whether a TX profile identifies a Release, or one or more sidelink feature groups.

2:
RAN2 understand a service type can be mapped to a TX profile, i.e. V2X and ProSe. 

3:
A TX profile is indicated from upper layer to AS layer. FFS whether a TX profile needs to be provided with service type information or L2 id.
4:
For GC/BC, a Rel-17 TX UE shall only assume SL DRX for the RX UEs when the associated TX profile corresponding to support of SL DRX. FFS whether a TX profile needs to be provided with service type information or L2 id.

5:
For GC/BC only communication, a Rel-17 RX UE determines SL DRX is used if all service types/L2 ids of interest have an associated TX profile corresponding to support of SL DRX. A Rel-17 RX UE enables SL DRX operation for a service type/L2 id with the associated TX profile.

6:
For UC, for SL transmissions after PC5-RRC connection is established, no backward compatibility issue of SL DRX is assumed, i.e. backward compatibility is handled based on PC5-RRC UE capability signalling.

7:
Send an LS to SA2 to inform them of the RAN2 agreements related to TX profile.
Discussion
DFN synchronization issue
During the  email discussion of [POST115-e][715] [1], all companies agree that the SFN should be replaced by DFN in the formula to calculate the SL-DRX duration.
However, if DFN is used to determine the start location of SL DRX timer, some companies think since TX UE and RX UE may have different synchronization reference, which may causes the DFN mismatch between the Tx and the Rx UE due to different synchronization reference source should also be considered. 

Observation 1:  The DFN derived by TX UE and RX UE may be different if they use different synchronization reference sources.

For this issue, we think we shall  clarify the synchronization procedure of sidelink communication first. According to current RRC specification, only the action of how UE select the synchronization reference for transmitting sidelink data is captured,how UE select the synchronization reference for receiving sidelink data does not been specified. 
	5.8.6
Sidelink synchronization  reference

5.8.6.1
General

The purpose of this procedure is to select a synchronization  reference and used when transmitting NR sidelink communication.


In other words, for TX synchronization  reference, UE can only select one synchronization  reference from multiple candidate synchronization  reference when transmitting sidelink communication. And how many  RX synchronization  references and which RX synchronization  references can be selected is left to UE implementation.

Observation 2: As described in 5.8.6.2 of 38.331, only one TX synchronization  reference can be selected. How many RX synchronization  references and which RX synchronization references can be selected is left to UE implementation.
It is well know that different DFNs can be derived from different synchronization  reference. From our perspective, based on observation2 and3, if UE select one TX synchronization  reference and multiple RX synchronization  references, UE will maintain one TX DFN and multiple RX DFNs. The TX DFN is used for SL data transmission and multiple RX DFNs is used for SL data reception.
Observation 3: UE can maintain one TX DFN derived from selected TX synchronization  reference, and multiple RX DFNs derived from multiple RX synchronization  references.

In addition, we think it is a common understanding that in order to receive data from other UEs, the TX subframe boundary of TX UE and RX subframe boundary of RX UE must be aligned. 
Observation 4: It is a common understanding that in order to receive data from other UEs, the TX subframe boundary  of TX UE and RX subframe boundary of RX UE must be aligned.

Next, we will take an example to clarify  how to align the TX subframe and RX subframe between TX UE and RX UE.
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Figure1 Example of SL data reception with different synchronization reference
As shown in figure1, suppose that:
UE1 want to receives the data from UE2, 3, 4, 5.
UE2 transmit SL data by using TX DFN2 derived from gNB2 synchronization  reference; And UE2 is configured to transmit the SL synchronization  reference signal.
UE3 transmit SL data by using TX DFN3 derived from gNB3 synchronization  reference; And UE 3 is not configured to transmit the SL synchronization  reference signal.
UE4 is a OOC UE, and tramsmit SL data by using TX DFN4 derived from GNSS; and UE4 is configured to transmit the SL synchronization  reference signal.
UE5 is in same cell with UE1 and transmit SL data by using TX DFN5 derived from gNB1;
Since UE1 can not receives the UE2 or UE3’s TX synchronization  reference(i.e. gNB2 or gNB3 respectively), and the subframe boundary of gNB1 ,gNB2, gNB3 may be not aligned,  if UE1 using gNB1 as RX synchronization  reference, UE1 can not know the TX subframe boundary of UE2 and UE3 and also can not receive the data from UE2 and UE3.

For UE4 using GNSS as TX synchronization  reference, although UE1 can also receive the GNSS signal, considering TX subframe boundary of UE4 may not be the boundary of GNSS(i.e. there may be a time offset between TX subframe boundary and GNSS signal), UE1 still can not know the subframe boundary of UE4.
If UE1 want to receive the data from UE2，3，4,  UE1 will try to scan the SLSS from UE2, 3, 4 to identify the subframe boundary. However, since UE3 is not configured to send the SL synchronization  signal, UE1 can not align the subframe with UE3, which will result in UE1 can not receive the SL data from UE3.

For receiving data from UE5, since UE1 and UE5 are in same cell, UE1 can select the gNB1 as RX synchronization reference, the subframe boundary of UE1 and UE5 are aligned. 
Observation 5 : To receive the data from other UE using different TX synchronization  reference, UE needs to receives the SLSS signal from other UEs.
Since UE transmitting SLSS will also transmit SL MIB, therefore by receiving the SL synchronization  signal from other UEs, UE1 can identify the TX DFN of UE2,4 from SL MIB. For UE5, UE5 and UE1 are in same cell, UE1 exactly knows the TX DFN of UE5.

However, one may argue that UE1 can not differentiate the SLSS is transmitted from which UE since no destination ID is included in SL MIB. As we discussed above, UE1 will scan all possible SLSS from other UE and try to receives the data by using all candidate SLSS one by one. So if UE1 can receives the data from UE2, then one of received SLSS must be transmitted from UE2.

As a result, by detecting the SLSS signal, UE can receives SL MIB from other UE and then identify the TX DFN used by other UE.
In conclusion, based on above analysis, if TX UE and RX UE use different synchronization  reference, they can communicate with each other only when the RX UE detect the SLSS and related SL MIB of the TX UE. In another word, the RX UE shall know the DFN of the TX UE if they can communicate with each other. Otherwise, they cannot detect each other.Therefore, the mismatch DFN issue does not exit.

Observation 6:  If TX UE and RX UE use different synchronization  reference, they can communicate with each other only when the RX UE can detect  the SLSS and related SL MIB of the TX UE. In another word, the RX UE shall know the DFN of the TX UE if they can communicate with each other. Otherwise, they cannot detect each other.
It is unnecessary to consider the DFN mismatch issue since this issue does not exit.
Backward compatibility for DCR 
During RAN2# 115-e meeting, it is agreed that TX profile is introduced in Rel-17 for sidelink enhancement and a Rel-17 TX UE shall only assume SL DRX for the RX UEs when the associated TX profile corresponding to support of SL DRX for GC/BC. Since the DCR message is sent via BC manner, a Rel-17 TX UE may assume SL DRX for the RX UEs when the associated TX profile corresponding to support of SL DRX when sending DCR message during unicast PC5 link establishment procedure. However, according to current specification TS 23.304 [2], when the UE intends to establish a single unicast link that can be used for more than one V2X service types which are mapped to distinct default Destination Layer-2 IDs, the UE can select any of the default Destination Layer-2 IDs to use for the initial signalling.  For example, suppose that a TX UE intends to establish a single unicast link that can be used for two V2X service types/two default Destination Layer-2 IDs, V2X service type 1/default Destination Layer-2 ID 1 is associated to a TX profile corresponding to support of SL DRX, V2X service type 2/default Destination Layer-2 ID 2 is associated to a TX profile corresponding to not support of SL DRX. If  the TX UE selects a default Destination Layer-2 ID 1 to use for the initial signalling, the TX UE shall assume SL DRX for the RX UEs, otherwise, if the TX UE selects a default Destination Layer-2 ID 2 to use for the initial signalling, the TX UE shall  assume no SL DRX for the RX UEs. Thus, if the UE intends to establish a single unicast link that can be used for more than one V2X service types which are associated to different TX profiles, it is uncertain that whether TX UE will assume SL DRX for the RX UEs or not. 
Observation 7:  According to current specification TS 23.304 [2], when the UE intends to establish a single unicast link that can be used for more than one V2X service types, the UE can select any of the default Destination Layer-2 IDs to use for the initial signalling.

Observation 8:  If a TX UE intends to establish a single unicast link that can be used for more than one V2X service types which are associated to different TX profiles, it is uncertain that whether TX UE will assume SL DRX for the RX UEs or not when sending DCR message.

Subsequently, if the TX UE selects a default Destination Layer-2 ID 2 which are associated to TX profile corresponding to not support of SL DRX to use for the initial signalling, the TX UE shall assume no SL DRX for the RX UEs. Meanwhile, if there is RX UE that is only interested to V2X service type 1 which are associated to TX profile corresponding to support of SL DRX, it may active SL DRX function. Then it may miss the DCR message from this TX UE.
Observation 9: If a TX UE intends to establish a single unicast link that can be used for more than one V2X service types which are associated to different TX profiles, and it selects a default Destination Layer-2 ID which are associated to TX profile corresponding to not support of SL DRX to use for the DCR message, the TX UE shall assume no SL DRX for the RX UEs. Meanwhile, if there is RX UE that is only interested to a V2X service type which are associated to TX profile corresponding to support of SL DRX, it may active SL DRX function. Then it may miss the DCR message from this TX UE.
	5.1.3
Authorization and Provisioning for 5G ProSe Direct Communication

5.1.3.1
Policy/Parameter provisioning for 5G ProSe Direct Communication
The following sets of information for 5G ProSe Direct Communications over PC5 reference point is provisioned to the UE:
...

5)
Policy/parameters when NR PC5 is selected:

-
The mapping of ProSe services (i.e. ProSe identifiers) to radio frequencies with Geographical Area(s).

-
The mapping of ProSe services (i.e. ProSe identifiers) to Destination Layer-2 ID(s) for broadcast.

-
The mapping of ProSe services (i.e. ProSe identifiers) to Destination Layer-2 ID(s) for groupcast.

-
The mapping of ProSe services (i.e. ProSe identifiers) to default Destination Layer-2 ID(s) for initial signalling to establish unicast connection.

NOTE 4:
The same default Destination Layer-2 ID for unicast initial signalling can be mapped to more than one ProSe service. In the case where different ProSe services are mapped to distinct default Destination Layer-2 IDs, when the UE intends to establish a single unicast link that can be used for more than one ProSe service, the UE can select any of the default Destination Layer-2 IDs to use for the initial signalling.


In order to avoid above case, when the UE intends to establish a single unicast link that can be used for more than one V2X service types, the UE cannot select the default Destination Layer-2 IDs to use for the initial signalling randomly. That means the TX profile solution for Backward compatibility may have much impacts on the NAS specification.

Observation 10:  TX profile solution for Backward compatibility may have much impacts on the NAS specification.
Therefore, RAN2 is suggested to consider another solution of differentiating sidelink resource pool for SL DRX-capable UE and SL DRX-incapable UE. 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 resourc 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 11: 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.
Differentiating sidelink resource pool for SL DRX-capable UE and  SL DRX-incapable UE should be considered.
Conclusion
In this contribution, we have following observations and proposals:

Observation 1:  The DFN derived by TX UE and RX UE may be different if they use different synchronization reference source.

Observation 2: As described in 5.8.6.2 of 38.331, only one TX synchronization  reference can be selected. How many RX synchronization  references and which RX synchronization references can be selected is left to UE implementation.
Observation 3: UE can maintain one TX DFN derived from selected TX synchronization  reference, and multiple RX DFNs derived from multiple RX synchronization  references.

Observation 4: It is a common understanding that in order to receive data from other UEs, the TX subframe boundary  of TX UE and RX subframe boundary of RX UE must be aligned.

Observation 5 : To receive the data from other UE using different TX synchronization  reference, UE needs to receives the SLSS signal from other UEs.
Observation 6:  If TX UE and RX UE use different synchronization  reference, they can communicate with each other only when the RX UE can detect  the SLSS and related SL MIB of the TX UE. In another word, the RX UE shall know the DFN of the TX UE if they can communicate with each other. Otherwise, they cannot detect each other.

Observation 7:  According to current specification TS 23.304 [2], when the UE intends to establish a single unicast link that can be used for more than one V2X service types, the UE can select any of the default Destination Layer-2 IDs to use for the initial signalling.

Observation 8:  If a TX UE intends to establish a single unicast link that can be used for more than one V2X service types which are associated to different TX profiles, it is uncertain that whether TX UE will assume SL DRX for the RX UEs or not when sending DCR message.

Observation 9: If a TX UE intends to establish a single unicast link that can be used for more than one V2X service types which are associated to different TX profiles, and it selects a default Destination Layer-2 ID which are associated to TX profile corresponding to not support of SL DRX to use for the DCR message, the TX UE shall assume no SL DRX for the RX UEs. Meanwhile, if there is RX UE that is only interested to a V2X service type which are associated to TX profile corresponding to support of SL DRX, it may active SL DRX function. Then it may miss the DCR message from this TX UE.
Observation 10:  TX profile solution for Backward compatibility may have much impacts on the NAS specification.

Observation 11: 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 unnecessary to consider the DFN mismatch issue since this issue does not exit.
Differentiating sidelink resource pool for SL DRX-capable UE and  SL DRX-incapable UE should be considered.
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