
3GPP TSG-RAN WG2 Meeting #116 electronic
R2-2110542
Online, November 1 – 12, 2021

Agenda item:
8.3.3
Source: 
Huawei, HiSilicon
Title: 
Discussion on the remaining issues for NW switching
Document for:
Discussion and Decision
1. Introduction

In RAN2#115 e-meeting, the following conclusions for network switching have been reached [1].
	· Scenarios and supported gap types

· 1
RAN2 aims to support at least the below scenarios 1/2/3 in Rel-17 for cases when the UE is allowed to switch to network B without leaving connected state at network A. 

· -
Scenarios 1: Periodic switching, including SSB detection/paging reception, serving cell measurement, neighboring cell measurement including intra-frequency,inter-frequency and inter-RAT measurement;

· -
Scenarios 2:  SI receiving at network B;

· -
Scenarios 3: Aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in NW B (e.g. no RRC connection Resume/Setup) at network B, including On-demand SI request;

· 2
For switching without leaving connected state at network A, support gap types 2a (Normal periodic gap) and 2b (Normal aperiodic gap) in Rel-17. 

· 3
Only per UE level scheduling gap is supported in Rel-17 for non-DC. FFS if we support MR-DC.
· The scenarios will only be used for deriving RRC parameters. No need to capture them in e.g. Stage-2.

Gap configuration and activation

5
The network is allowed to configure at most 3 gap patterns (for any MUSIM purpose). 

6
Only a single aperiodic gap (for MUSIM) is supported in Rel-17. At most two periodic “gaps” (for MUSIM) and a single aperiodic gap (for MUSIM) is supported in Rel-17. FFS if signalling supports more.
7  
The SFN and subframe of the PCell of the network A is used in the gap configuration to calculate the gap.

Periodic/Aperiodic/autonomous Gap configuration and activation

8:  The switching gap configuration will explicitly provide the gap starting position (e.g. offset value or start SFN and subframe explicitly), gap length and gap repetition period.

10:  Switching Gaps (of any type) are configured or released by RRC signalling (e.g. RRCReconfiguration message) in Rel-17. FFS if gap can be released autonomously by UE after N repetitions.
Gap configuration assistance information

16 
UE is allowed to include assistance information for setup or release of gaps for both 1) periodic gaps and 2) aperiodic gap in one UEAssistanceInformation Msg. 

18  To report the assistance information, the UE maps the timing info of the Gap on the network B  to the network A and reports the mapped timing info to the network A.

20  For the gap assistance information, the Gap start time, Duration of the gap and gap repetition period (for periodic) may be included. FFS is other information is included (e.g. gap purpose). 

· 3: UEAssistanceInformation message is extended for switching notification in both network switching procedures for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state.

· 6: UE is configured to provide assistance info for switching notification via otherConfig of RRCReconfiguration message

· 8: Introduce a new RRC timer for the “configured time”, used for the UE to leave RRC_CONNECTED without a response. 

· FFS if it's possible to configure UE to always wait for the network response (e.g. "infinite" waiting time)
· 7: UE is not allowed to enter RRC_INACTIVE state if no NW response message is received within a certain configured time period after the network switching notification message is sent. 

· 9: As baseline, how to handle the case, that UE performs switching without the response from network for a configured time during switching procedure without leaving RRC_CONNECTED state, is not specified. Can re-discuss if there are serious issues found.

Needs discussion or left FFS
Proposal 4: FFS reuse preferredRRC-State or some changes on preferredRRC-State for Multi-SIM purpose.

Proposal 5: RAN2 to discuss whether switching notification for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state can be enabled separately.

Proposal 10: RAN2 to discuss Whether early return is allowed during switching procedure without leaving RRC_CONNECTED state


In this contribution, we further discuss the remaining issues on NW switching procedure with/without leaving RRC_CONNECTED.
2. Discussion
2.1 Scenario for NW switching
2.1.1. Scenario 4 from [2]
The following scenario was pending for quite a long period and was also discussed in the email discussion [2] but still not concluded.
During the phase 1 discussion [2], 13/20 companies thought that it shall not be allowed for switching without leaving RRC_CONNECTED for scenario 4. We also share this view and the reasons are given as below:
· Firstly, in RAN2#112e, whether the use case where the UE can have RRC connections in two NWs is in the scope of the Rel-17 had been discussed and RAN2 made the following agreement:

	The Sub-Case 3-2, i.e. Dual-RX/Single-TX UE stays in RRC_CONNECTED mode in NW A while performing reception and transmission in NW B (in RRC_ CONNECTED or during RRC setup/resume period ), is not considered in the WI from RAN2 viewpoint. Scheduling gap is not excluded


From the above agreement, it is clear that the case where the UE have two RRC connections simultaneously in two NWs is not considered in Rel-17. Although the scheduling gap is not excluded at that time, we think there is no need to have such exceptional case. Otherwise, the above agreement will be not valid anymore. We shouldn't make the previous agreement invalid unless there is a very strong motivation.

· Secondly, after switching to NW B, neither the instant of activity in NW B nor the duration of the UE’s stay in NW B is predictable. So, it means that the UE cannot provide an accurate scheduling gap length to NW A. In this case, there could be state mismatch between the UE and NW A. For example, after the scheduling gap requested by UE ends, the NW A will assume the UE has resumed its RRC connection, but the UE may still stay in the NW B to finish the activity. Then the resources scheduled by NW A will be wasted and after a period of time the NW A may consider the UE has been transited to RRC_IDLE. 
· Thirdly, the benefit to keep UE in RRC_CONNECTED in NW A over transition to RRC_INACTIVE state with respect to the service interruption time seems trivial, especially considering that the UE may still need to perform RACH to recover UL synchronization even being kept in RRC_CONNECTED state. 
Proposal 1: The case that Dual-RX/Single-TX UE or Single-RX/Single-TX UE stays in RRC_CONNECTED mode in NW A while performing reception and transmission in NW B (in RRC_ CONNECTED or during RRC setup/resume period ), is not considered in the WI.
2.1.2. MR-DC
During the RAN plenary email discussion for R17 MUSIM WID [3]

 REF _Ref83298843 \r \h 
 \* MERGEFORMAT [4], MR-DC was discussed while discussing RAT concurrency but it’s not included in any of the objectives of the MUSIM WID. The following is the objective for NW switching:

· Specify mechanism for UE to notify Network A of its switch from Network A (for MUSIM purpose) [RAN2, RAN3]:

· RAT Concurrency: Network A is NR. Network B can either be LTE or NR.
· Applicable UE architecture: Single-Rx/Single-Tx, Dual-Rx/Single-Tx

Considering that RAN2 has only 2 meetings left to complete MUSIM, there is no need to update the scope of the WID for MR-DC at this stage and MR-DC can be left for future releases.

Proposal 2: MR-DC is not supported in Rel-17.

2.2 Switching procedure without leaving RRC_CONNECTED
In last RAN2 e-meeting, it was agreed that “The network is allowed to configure at most 3 gap patterns (for any MUSIM purpose). Only a single aperiodic gap (for MUSIM) is supported in Rel-17. At most two periodic “gaps” (for MUSIM) and a single aperiodic gap (for MUSIM) is supported in Rel-17.” As it is clear that at most 3 gap patterns are allowed to be configured, there is no need to support signalling framework of more than 3 gap patterns for both network configuration and UE assistance information, since we don’t see any benefit and it may lead to confusion for the number of gap patterns. Thus, it is preferred to design signalling framework to support at most 3 gap patterns.

Proposal 3: Signalling framework to support more than 3 gap patterns is not supported.

Besides, since a single aperiodic gap was agreed to support, for the use of the aperiodic gap, the following principle should be followed:

· If until the end of the aperiodic gap the UE still has not completed activity in NW B, e.g. due to the random access for on-demand SI request, the UE should stop the activity in NW B and switch to NW A. If needed, the UE can request another aperiodic gap in NW A.

· If the UE successfully completes activity in NW B before the end of the aperiodic gap, there is no need for the UE to send the early return indication in NW A. Since the UE needs to send SR for UL resource and then send the early return indication, this procedure takes a period of the time and the rest of time for the aperiodic gap may already run out. Besides, once the aperiodic gap is configured by the network, the network may not expect to receive any UL data/RS from the UE during the gap, the UL transmission from the UE may be missed by the network, otherwise additional complexity for network implementation is introduced. So we don’t see the necessity and clear benefit to introduce early return indication.
Proposal 4: The following principle for aperiodic gap should be followed:

· If until the end of the aperiodic gap the UE still has not completed activity in NW B, e.g. due to the random access for on-demand SI request, the UE should stop the activity in NW B and switch to NW A. If needed, the UE can request another aperiodic gap in NW A.

· If the UE successfully completes activity in NW B before the end of the aperiodic gap, there is no need for the UE to send the early return indication in NW A.

For the contents of gap related MUSIM assistance information, except for the gap patterns, we don’t see the necessity of gap purpose, i.e. paging reception purpose, SI reception purpose, etc. The UE generates gap related information based on the importance and time instance of activities in NW B. Once the UE sends the UAI message with gap pattern(s) to NW A, it means UE prioritizes the activities in NW B, the detailed gap purpose does not help for network determining the gap configuration.
Proposal 5: Do not introduce gap purpose for gap related MUSIM assistance information.

UE can provide suggested gap pattern(s) in UAI message, the network can configure and release the gap pattern(s) based on UAI message from the UE. For example, if the SI reception is triggered in NW B, the UE can sends UAI message to NW A to request gap pattern. After the SI reception is finished in NW B, UE can indicate to the NW A to release this gap pattern. For the UAI framework, there is no “delta configuration” within each feature (e.g. MUSIM assistance information is separate feature) in UAI. Thus, the presence of suggested gap pattern(s) indicates that these gap pattern(s) are requested by the UE, and the absence of suggested gap pattern(s) (indicated before) indicates that these gap pattern(s) are preferred to be released by the UE. By this way, UE can flexibly provide/update suggested gap pattern(s) based on UE requirement, for example, after the UE performs cell reselection in NW B or after the UE performs handover in NW A, the UE can suggest new gap pattern(s) in the updated UAI message to the network.
Proposal 6: The absence of suggested gap pattern(s) in UAI message implicitly indicates that these gap pattern(s) are preferred to be released by the UE.

Proposal 7: UE is allowed to update UAI message after the UE performs cell reselection in NW B or after the UE performs handover in NW A.
Moreover, based on the gap pattern(s) in UAI, the network explicitly configures and releases the gap pattern(s) to the UE. Autonomous release after N repetitions is not feasible since it is difficult to predict the “N repetitions” for the use of gap pattern(s). It is more practical that after the activities in NW B are finished, the UE indicates the release of the associated gap pattern(s) (implicitly) and the network configures to release the associated gap pattern(s).
Proposal 8: Autonomous release of MUSIM gap by UE after N repetitions is not supported.

2.3 Switching procedure with leaving RRC_CONNECTED
For the AS-based switching procedure without leaving RRC_CONNECTED state, the majority supported that the UE reports its preferred RRC state in the UE assistance information message, and the similar mechanism has been supported in Rel-16 for UE power saving purpose. 
ReleasePreference-r16 ::=           SEQUENCE {

    preferredRRC-State-r16              ENUMERATED {idle, inactive, connected, outOfConnected}

}

	preferredRRC-State

Indicates the UE's preferred RRC state. The value idle is indicated if the UE prefers to be released from RRC_CONNECTED and transition to RRC_IDLE. The value inactive is indicated if the UE prefers to be released from RRC_CONNECTED and transition to RRC_INACTIVE. The value connected is indicated if the UE prefers to revert an earlier indication to leave RRC_CONNECTED state. The value outOfConnected is indicated if the UE prefers to be released from RRC_CONNECTED and has no preferred RRC state to transition to. The value connected can only be indicated if the UE is configured with connectedReporting.


For MUSIM assistance information, the similar values for preferred state as in ReleasePreference for power saving can be reused except for value “connected”, which is useless for MUSIM scenario. Once the activities in NW B are triggered and the UE decides to leave RRC_CONNECTED state in NW A and switches to NW B, it has no scenario that the UE reverts its decision to leave RRC connected state in NW A while waiting for the response from NW A. Thus, for the preferred RRC state in MUSIM assistance information, the value includes idle, inactive and outofconnected with the similar interpretation as Rel-16 IE preferredRRC-State.
Proposal 9: UE reports the preferred RRC state with value set to idle, inactive or outofconnected in MUSIM assistance information when the UE initiates the switching procedure with leaving RRC_CONNECTED state.

After UE sends the switching notification message for leaving RRC_CONNECTED state, if no response message is received from the network within a certain configured time period, the UE enters RRC_IDLE state. For the “configured time”, the network can configure the value when the network enables the switching procedure for leaving RRC_CONNECTED. Some companies mentioned that it was possible that the network is allowed to not configure this “configured time” or the value for the “configured time” can be "infinite". However, it is not clear what the UE behaviour is in these cases. As an alternative understanding, it means the UE cannot leave RRC_CONNECTED state autonomously and shall wait for network response. If this is the intention, this actually implements Rel-16 mechanism on UAI message for release preference. We don’t think we need to duplicate this Rel-16 mechanism in Rel-17 autonomous release mechanism, and it is not realistic for MUSIM scenario. If the UE determines to switch to the NW B, the UE will release the connection in NW A. Thus, for Rel-17 autonomous release mechanism, once enabled, it means the UE can leave RRC_CONNECTED state autonomously after a valid time period. We don’t see the necessity to support the option of “configured time” not configured or "infinity" value.
Proposal 10: A finite value of “configured time” is always configured by the network for switching procedure with leaving RRC_CONNECTED”.
For the handling of timer for controlling above “configured time”, it is clear that after this timer expires, the UE needs to enter RRC_IDLE state. Besides, for the start and stop condition of the timer, similar as other UE assistance information, UE starts this timer upon successfully transmitting UAI message with release preference for MUSIM, and stops this timer at least upon receiving the corresponding configuration set to release, or upon receiving the RRCRelease message. Furthermore, for the connection re-establishment procedure, e.g. due to RLF, many prohibit timers for UAI message will be stopped. But the intention of this timer is different, if this timer is running, it means the UE prefers to leave RRC_CONNECTED state and the UE will leave RRC_CONNECTED state after this timer expires. Even if there is RLF, it is meaningless to initiate connection re-establishment procedure, since the UE may need to re-send the UAI message indicating to release the connection even if the UE successfully re-establishest the connection, this leads to additional signalling overhead and power consumption, and further delays the RRC connection setup in the other NW. Thus, if the switching procedure with leaving RRC_CONNECTED is initiated or this timer is running, UE does not need to perform the RLF detection or does not need to initiate connection re-establishment procedure upon the RLF occurs.
Proposal 11: The following handling for the timer of controlling “configured time” is supported:

· UE starts the timer upon successfully transmitting UAI message with release preference for MUSIM;
· UE stops the timer at least upon receiving the corresponding configuration set to release, or upon receiving the RRCRelease message;
· UE does not detect RLF or initiate connection re-establishment procedure upon the RLF occurs if the switching procedure with leaving RRC_CONNECTED is initiated or the timer is running.
SA2 sent LS to RAN2 on Network Switching for MUSIM [5] including:

· Only NAS-level connection release is supported for E-UTRAN/5GS access.

· Both RRC-level connection release and NAS-level connection release procedure are supported for NR/5GS. A UE may provide a Paging Restriction Information to AMF during the NAS-level connection release procedure. The UE always enters RRC_IDLE mode after the NAS-level connection release procedure.

· It is not supported to provide the Paging Restriction Information from a UE to RAN in the RRC-level connection release procedure.

· There is no need to define the interaction between RRC-level connection release procedure and NAS-level connection release procedure.

· When both NAS-level Connection Release or RRC-level connection release are supported by the UE and the network, SA2’s current assumption is that it is up to the UE implementation to determine which one to use, for example based on the preferred end state (RRC_Inactive or IDLE) and whether Paging Restriction Information is to be provided to the AMF by the UE. RAN2 are welcome to comment on this assumption in case they see an issue.

For the interaction between RRC-based solution and NAS-based solution, based on [5], once the UE decides to leave RRC connected state in NW A, it should be up to UE implementation to determine which one to use from RAN2 point of view. If the UE prefers to switch to RRC_INACTIVE state, it can only initiate the RRC-level release procedure to request the leaving; if the UE prefers to switch to RRC_IDLE state, the UE can further select NAS-level connection release or RRC-level connection release, e.g. based on the need of Paging Restriction Information, and it should also be up to UE implementation. We don’t see any issue for supporting this and it is flexible from UE implementation, and there is no any further RAN2 work based on the SA2’s conclusion.
Proposal 12: For the interaction of AS-based solution and NAS-based for NW switching, it is confirmed by RAN2 that the SA2’s agreements in [5] is aligning with RAN2’s understanding, and no further discussion is needed in RAN2. 
2.4 Switching procedure enabled/disabled
Regarding the FFS “RAN2 to discuss whether switching notification for leaving RRC_CONNECTED state and without leaving RRC_CONNECTED state can be enabled separately”, if the UE is a MUSIM UE, when the UE is in the RRC_CONNECTED state in NW A, the UE may perform paging reception, SI reception, measurement, or setup RRC connection in NW B. That means, both the switching procedure with and without leaving RRC_CONNECTED may be needed for MUSIM UE corresponding to the different events in the NW B. Thus, switching procedure with/without leaving RRC_CONNECTED is suggested to be enabled/disabled simultaneously.
Proposal 13: Switching procedure with/without leaving RRC_CONNECTED is enabled/disabled simultaneously.
3. Conclusion

In this contribution, we have discussed remaining issue for NW switching and made the following proposals:

Scenario for NW switching
Proposal 1: The case that Dual-RX/Single-TX UE or Single-RX/Single-TX UE stays in RRC_CONNECTED mode in NW A while performing reception and transmission in NW B (in RRC_ CONNECTED or during RRC setup/resume period ), is not considered in the WI.
Proposal 2: MR-DC is not supported in Rel-17.
Switching procedure without leaving RRC_CONNECTED

Proposal 3: Signalling framework to support more than 3 gap patterns is not supported.

Proposal 4: The following principle for aperiodic gap should be followed:

· If until the end of the aperiodic gap the UE still has not completed activity in NW B, e.g. due to the random access for on-demand SI request, the UE should stop the activity in NW B and switch to NW A. If needed, the UE can request another aperiodic gap in NW A.

· If the UE successfully completes activity in NW B before the end of the aperiodic gap, there is no need for the UE to send the early return indication in NW A.

Proposal 5: Do not introduce gap purpose for gap related MUSIM assistance information.
Proposal 6: The absence of suggested gap pattern(s) in UAI message implicitly indicates that these gap pattern(s) are preferred to be released by the UE.

Proposal 7: UE is allowed to update UAI message after the UE performs cell reselection in NW B or after the UE performs handover in NW A.
Proposal 8: Autonomous release of MUSIM gap by UE after N repetitions is not supported.

Switching procedure with leaving RRC_CONNECTED

Proposal 9: UE reports the preferred RRC state with value set to idle, inactive or outofconnected in MUSIM assistance information when the UE initiates the switching procedure with leaving RRC_CONNECTED state.

Proposal 10: A finite value of “configured time” is always configured by the network for switching procedure with leaving RRC_CONNECTED”.
Proposal 11: The following handling for the timer of controlling “configured time” is supported:

· UE starts the timer upon successfully transmitting UAI message with release preference for MUSIM;
· UE stops the timer at least upon receiving the corresponding configuration set to release, or upon receiving the RRCRelease message;

· UE does not detect RLF or initiate connection re-establishment procedure upon the RLF occurs if the switching procedure with leaving RRC_CONNECTED is initiated or the timer is running.
Proposal 12: For the interaction of AS-based solution and NAS-based for NW switching, it is confirmed by RAN2 that the SA2’s agreements in [5] is aligning with RAN2’s understanding, and no further discussion is needed in RAN2.
Switching procedure enabled/disabled
Proposal 13: Switching procedure with/without leaving RRC_CONNECTED is enabled/disabled simultaneously.
4. Reference

[1]. RAN2#115-e meeting Chairman’s Notes.

[2]. R2-2108077, Summary of [Post114-e][243][MUSIM] Gap handling, ZTE Corporation, Sanechips.

[3]. RP-192547 Part1: Report of phase 2 Multi-SIM email discussion.

[4]. RP-192547 Part2: Report of phase 2 Multi-SIM email discussion.
[5]. S2-2106673, Reply LS on Network Switching for MUSIM, SA2.
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