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1
Introduction

In the last RAN2 meeting, SLRB configuration during UE state transition was discussed and the following agreement was reached. In this contribution, we will further discuss the FFS issue and more details on handling the ongoing data transmission/SLRBs when UE’s RRC state or communication mode changes.

	Agreements on SLRB configuration and UE state transition: 

1: 
When UE performs state transition, the mapping between PC5 QoS profile and SLRB should follow the SLRB configurations of the new UE state. FFS for the UE behavior before the acquisition of new configuration.


Discussion

2.1 SLRB handling when UE states transition 
The network coverage or RRC state of the UE may change from time to time. As we know, UE in different states obtains sidelink transmission resources and SLRB configuration in different ways. For example, UE in RRC connected state acquires sidelink transmission resources and SLRB configuration from gNB via dedicated signalling. UE in RRC idle/inactive gets resources and SLRB configuration from SIB configuration while out of coverage UE gets from pre-configuration. It is not clear how to handle the ongoing data transmission/SLRBs when UE’s RRC state transits (e.g. UE from RRC connected transits to RRC idle/inactive/out of coverage or vice versa). In the last RAN2 meeting, it has been agreed that when UE performs state transition, the mapping between PC5 QoS profile and SLRB should follow the SLRB configurations of the new UE state. FFS for the UE behavior before the acquisition of new configuration. In the following, we discuss more details on this issue.
2.1.1 RRC idle/inactive/OoC UE turns into RRC connected state
Suppose RRC idle/inactive UE has established several SLRBs based on SLRB configuration in SIB and uses SL resources configuration in SIB for SL data transmission. After a while, if the UE turns into RRC connected state, as in legacy, UE should obtain SL transmission resources from NW via RRC dedicated signalling. In the meantime, UE should obtain and follow SLRB configuration from NW via RRC dedicated signalling. As we can see in Fig 1, there is a time gap (between T0 to T2) before UE receiving SLRB configuration from NW. If SLRBs established in RRC idle based on SLRB configuration in SIB are released and UE is waiting for new SLRBs established based on SLRB configuration in RRC dedicated signalling, the ongoing SL data transmission might be interrupted. For SL unicast, the interruption time is even longer. Because UE should send the SLRB configuration (via PC5 AS configuration) to the peer UE after receiving the SLRB configuration in RRC dedicated signalling from NW and can only apply the SLRB configuration/new SLRBs after receiving PC5 AS configuration complete message from the peer UE.

Observation 1: When RRC idle/inactive UE turns into RRC connected, if SLRBs established in RRC idle/inactive based on SLRB configuration in SIB are released and UE is waiting for new SLRBs established based on SLRB configuration in RRC dedicated signalling, the ongoing SL data transmission might be interrupted (e.g. at least betweenT0-T2).
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Figure 1. Illustration of used SLRBs during RRC state transition
Therefore, to ensure service continuity, it is beneficial to continue using the previously established SLRBs for ongoing data transmission before receiving SLRB configuration in RRC dedicated signalling when UE transits from RRC idle/inactive/Out of coverage to RRC connected state.

Proposal 1: When UE transits from RRC idle/inactive/Out of coverage to RRC connected state, to ensure service continuity, it is beneficial to continue using the previously established SLRBs for ongoing data transmission before receiving SLRB configuration in RRC dedicated signalling.
After setup RRC connection with gNB, normally, UE sends sidelinkUEInformation including PC5 QoS flow information to gNB for SLRB configuration and SL resource allocation. However, without any information about the established SLRBs in previous state, SLRB configuration collision and packet loss may happen. For example, an old SLRB1 established in RRC idle carrying PFI 1 and PFI 2 is associated to LCID1 and configured with 12bits PDCP SN size while a new SLRB1 configured in RRC dedicated signalling carrying PFI 1 is associated to LCID1 and configured with bits PDCP SN size. As we can see, the configuration collision is occurred, i.e. different configurations for a same LCID. Consequently, upon receiving the new SLRB1 configuration, the old SLRB1 should be released immediately and, if any, all the packets in the buffer of old SLRB1 would be discarded. In this case, packet loss is happened.

Observation 2: Without any information about the established SLRBs in previous state reported from UE to gNB when UE transits from RRC idle/inactive/Out of coverage to RRC connected state, SLRB configuration collision and packet loss may happen.
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Figure 2. SLRB configuration collision
Thus, to avoid SLRB configuration collision and packet loss, it is better that UE reports all the established SLRBs in previous state to NW. Generally, besides the SLRB identifiers and QoS flow information mapped to the SLRB, the SLRB parameters of a SLRB that cannot be re-configured should be reported to NW. To be specific, the reported information may include destination ID, cast type, QoS information of QoS flows mapped to each SLRB (identified by SLRB ID), logical channel identity and RLC mode of each SLRB, PDCP SN size, RLC SN length. Some Tx only parameters, such as LCH priority/PBR/BSD, polling related parameters, etc. and Rx only SLRB parameters are not necessary to report to NW.

Proposal 2: When UE transits from RRC idle/inactive to RRC connected state, to avoid SLRB configuration collision and packet loss, it is beneficial for UE to report information about all the established SLRBs in previous state to the gNB, such as destination ID, cast type, QoS information of QoS flows mapped to each SLRB, LCID, RLC mode, PDCP SN size and RLC SN length of each SLRB. 
Upon receiving PC5 QoS profile(s) of QoS flow in sidelinkUEInformation and information about established SLRBs in previous state from UE, gNB can (re)configure SLRBs in the following two ways. Basically, UE shall follow the PC5 QoS flow and SLRB mapping in the SLRB configuration of new UE state. The PC5 QoS flow and SLRB mapping in the new state may be the same as or different from previous state. As shown in Figure 2, PFI 1 and PFI 2 are mapped to SLRB1 associated with parameter set1 in RRC idle, however, when UE moves to RRC connected, PFI 2 may be configured to map to another SLRB by gNB.
Option 1: Continue using the established SLRB(s) in previous state;

-  gNB determines to continue to use the previously established SLRB (SLRB1/LCID1 to transmit QoS flow 1) but may reconfigure Tx only parameters for SL resource scheduling. In addition, if mode 1 resource is to be allocated, gNB shall configure the corresponding LCG for each of the SLRBs so that UE can report SL BSR to gNB for sidelink resource allocation, the SR configuration associated to each logical channel and whether the configured grant type 1 is allowed to be used for a particular logical channel. Note that for SL unicast SLRBs, RLC mode, PDCP SN size and RLC SN length are not allowed to be reconfigured. For SL broadcast/groupcast, RLC mode, PDCP SN size and RLC SN length are default configured (specified fix value).
-  gNB decides to configure new SLRB, i.e. SLRB2(LCID2), to transmit QoS flow 2. In this case, QoS flow 2 is remapped from SLRB1 to SLRB2. The principle/mechanism for in order delivery in case of QoS flow remapping can be used.
Option 2: Configure to establish new SLRBs different from established SLRBs in previous state;
-  gNB configures to establish new SLRB2(LCID2) and SLRB3(LCID3) to transmit QoS flow 1 and QoS flow 2 respectively, i.e. the new SLRBs are configured with SLRB ID and LCID different from established SLRBs in previous state.
-  In this case, QoS flow 1 is remapped from SLRB1(LCID1) to SLRB2(LCID2) and QoS flow 2 is remapped from SLRB1(LCID1) to SLRB3(LCID3). The principle/mechanism for in order delivery in case of QoS flow remapping can be used. SLRB1 can be used continuely until the buffer is empty, thereafter released.
Both the two ways are workable, but option 1 is more efficient. Thus, option 1 is preferred.
Proposal 3: Upon receiving information about established SLRBs in previous state from UE, it is suggested that gNB based on its implementation to configure to continue using the established SLRBs as much as possible. gNB may reconfigure these SLRBs (for SL unicast) except for RLC mode, PDCP SN size and RLC SN length. 
2.1.2 RRC connected UE turns into RRC idle/inactive state/out of coverage
When UE moves from RRC connected state to RRC idle/inactive/out of coverage, it is common sense that UE shall not use SL resource configured by NW via RRC dedicated signalling any more, instead UE shall use SL configuration in V2X SIB/pre-configuration. For SLRB configuration, as previous agreement, the mapping between QoS profile and SLRB shall follow SLRB configuration in the new state (V2X SIB/pre-configuration). In NR Uu, the V2X SIB as other SIBs may be not broadcasted, thus UE should get the V2X SIB from RRC reconfiguration or apply on demand SI procedure.

If V2X SIB is not broadcasted periodically, UE in RRC connected state can obtain V2X SIB from RRC reconfiguration to perform SL communication. Then when UE transits from RRC connected to RRC idle/inactive, UE can use the stored V2X SIB which is obtained in RRC connected.
Suppose when UE transits from RRC connected to RRC idle/inactive, V2X SIB is not broadcasted and the stored V2X SIB is not valid. Then UE shall get V2X SIB by msg1- or msg3-based on demand SI request procedure. If the SLRBs established in RRC connected state are abandoned and UE is waiting for new SLRBs established based on SIB, the ongoing data transmission will be interrupted (T0-T1). 
For SL unicast, the interruption time is even longer (T0-T1). Because UE should send the SLRB configuration (via PC5 AS configuration) to the peer UE after obtaining the SLRB configuration in V2X SIB/preconfiguration and can only apply the SLRB configuration/new SLRBs after receiving PC5 AS configuration complete message from the peer UE.
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Figure 3. Illustration of service interruption during RRC state transition
Therefore, to ensure service continuity, it is beneficial to continue using the previously established SLRBs for ongoing data transmission before obtaining SLRB configuration in V2X SIB or before establishment of new SLRBs in new state when UE transits from RRC connected state to RRC idle/inactive/Out of coverage.

Proposal 4: When UE transits from RRC connected state to RRC idle/inactive/Out of coverage, to ensure service continuity, it is beneficial to continue using the previously established SLRBs for ongoing data transmission before obtaining SLRB configuration/establishment of new SLRBs in new UE state.
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Figure 4. SLRB configuration in different states

When obtaining the SLRB configuration from V2X SIB/pre-configuration, UE shall follow the QoS flow to SLRB mapping in SIB at least. Figure 4 shows the established SLRBs in RRC connected state and SLRB configuration in V2X SIB/pre-configuration when UE moves from from RRC connected state to RRC idle/inactive/Out of coverage. AS for the SLRBs in new UE state:  

Option 1: Continue using established SLRBs in previous state; 
-  Continue to use SLRB1(LCID1) or SLRB2(LCID2) to transmit packets of both PQI 1 and PQI 2, i.e. UE assigns SLRB1(LCID1) or SLRB2(LCID2) to the SLRB(SLRB X/LCID X) mapped with PQI 1 and PQI 2. For SLRB configuration in SIB/pre-configuration, SLRB ID and LCID can be assigned by UE itself (as discussed in our companion contribution [1]).

-  It is always applicable for SL broadcast/groupcast since PDCP SN size/RLC SN length/RLC mode are specified fix value (i.e. which is not changed when UE state transition). It is applicable for SL unicast only if PDCP SN size/RLC SN length/RLC mode of SLRB X are the same as SLRB1 or SLRB2, otherwise SLRB1 and SLRB2 shall not be continuing used. Suppose PDCP SN size/RLC SN length/RLC mode of SLRB X are different from SLRB1 and SLRB2, if SLRB1(LCID1) or SLRB2(LCID2) is assigned for SLRB X, packet loss may happen. Because when new SLRB1 is established based on the new configuration, the old SLRB1 should be released immediately and, if any, all the packets in the buffer of old SLRB1 would be discarded. 
-  Other SLRB parameters (e.g. PDCP discard timer, LCH priority/PBR/BSD, polling related parameters) shall follow the new configuration in SIB/pre-configuration, i.e. SLRB is reconfigured.
Option 2: Establish new SLRBs different from established SLRBs in previous state;
-  Assigns SLRB X with new SLRB ID and LCID, e.g. SLRB3(LCID3) which is different from SLRB1(LCID1) and SLRB2(LCID2) established in previous state.
-  In this case, QoS flow 1/PQI 1 is remapped from SLRB1(LCID1) to SLRB3(LCID3) and QoS flow 2/PQI 2 is remapped from SLRB2(LCID2) to SLRB3(LCID3). The principle/mechanism for in order delivery in case of QoS flow remapping can be used. SLRB1 and SLRB2 can be used continuely until the associated buffer is empty, thereafter released.
Both the two ways are workable, but option 1 is more efficient. So, it is suggested to continue using established SLRBs in previous state as far as possible. 
Proposal 5: When UE transits from RRC connected to RRC idle/inactive state/Out of coverage, it is suggested UE to continue using established SLRBs in previous state as far as possible unless SLRB configuration and packet loss may be happened.

2.1.3 UE in out of coverage turns into RRC idle or vice versa
When UE in out of coverage turns into RRC idle, UE shall obtain V2X SIB at first. As discussed above, V2X SIB may be not broadcasted, thus UE should apply msg 1- or msg 3-based on demand SI procedure to get the V2X SIB. To ensure service continuity, it is beneficial to continue using the previously established SLRBs for ongoing data transmission before obtaining SLRB configuration in V2X SIB or before establishment of new SLRBs in new state when UE moves from out of coverage to RRC idle.
Suppose UE established SLRB1(LCID1) to transmit PFI1(PQI1) and PFI2(PQI2) with associated para set1 in out of coverage. When UE turns into RRC idle, based on V2X SIB, PQI1 is mapped to a SLRB with para set 2 while PQI2 is mapped to a SLRB with para set 3. There are two options for SLRBs in the new state as discussed above, i.e. option 1 is to continue using established SLRBs as far as possible and option 2 is to establish new SLRBs different from previously established SLRBs. As analyzed before, option 1 is more efficient. It is suggested to continue using established SLRBs in previous state as far as possible.
The same consideration is applied to the scenarios that UE in RRC idle/inactive moves to out of coverage and UE in RRC inactive transits to RRC idle. 
2.1.4 UE’s communication mode changes from mode 2 to mode 1 or vice versa

If the UE is in RRC connected state, when UE changes from mode 2 to mode 1 or vice versa, the SLRBs are just reconfigured, e.g to configure the corresponding LCG for each of the SLRBs so that UE can report SL BSR to gNB for sidelink resource allocation, the SR configuration associated to each logical channel and whether the configured grant type 1 is allowed to be used for a particular logical channel.
If UE’s communication mode changes from mode 2 to mode 1 due to UE in RRC idle/inactive/OoC transits to RRC connected mode 1, it is the same as section 2.1.1.
If UE’s communication mode changes from mode 1 to mode 2 due to UE in RRC connected mode 1 transits to RRC idle/inactive/OoC, it is the same as section 2.1.2.
3
Conclusion
In this contribution, how to handle the ongoing data transmission/SLRBs when UE’s coverage or RRC state or communication mode changes and when UE establishes/reconfigures SLRBs were discussed. And we have the following proposals:

Observation 1: When RRC idle/inactive UE turns into RRC connected, if SLRBs established in RRC idle/inactive based on SLRB configuration in SIB are released and UE is waiting for new SLRBs established based on SLRB configuration in RRC dedicated signalling, the ongoing SL data transmission might be interrupted (e.g. at least betweenT0-T2).
Proposal 1: When UE transits from RRC idle/inactive/Out of coverage to RRC connected state, to ensure service continuity, it is beneficial to continue using the previously established SLRBs for ongoing data transmission before receiving SLRB configuration in RRC dedicated signalling.
Observation 2: Without any information about the established SLRBs in previous state reported from UE to gNB when UE transits from RRC idle/inactive/Out of coverage to RRC connected state, SLRB configuration collision and packet loss may happen.
Proposal 2: When UE transits from RRC idle/inactive to RRC connected state, to avoid SLRB configuration collision and packet loss, it is beneficial for UE to report information about all the established SLRBs in previous state to the gNB, such as destination ID, cast type, QoS information of QoS flows mapped to each SLRB, LCID, RLC mode, PDCP SN size and RLC SN length of each SLRB. 
Proposal 3: Upon receiving information about established SLRBs in previous state from UE, it is suggested that gNB based on its implementation to configure to continue using the established SLRBs as much as possible. gNB may reconfigure these SLRBs (for SL unicast) except for RLC mode, PDCP SN size and RLC SN length. 
Proposal 4: When UE transits from RRC connected state to RRC idle/inactive/Out of coverage, to ensure service continuity, it is beneficial to continue using the previously established SLRBs for ongoing data transmission before obtaining SLRB configuration/establishment of new SLRBs in new UE state.
Proposal 5: When UE transits from RRC connected to RRC idle/inactive state/Out of coverage, it is suggested UE to continue using established SLRBs in previous state as far as possible unless SLRB configuration and packet loss may be happened.
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