
[bookmark: _GoBack]3GPP TSG-RAN WG2 #114bis	R2-2105442
19th – 27th May 2021	Revision of R2-2102940
Online

Source:                    	DENSO CORPORATION
Title:  	Signalling design on short time switching procedure
Document for:        	Discussion and decision
Agenda Item:         	8.3.3	UE notification on network switching for multi-SIM
1. Introduction
At RAN2 #113-e and #113bis-e, RAN2 discussed the details on the short time switching and agreed as follows:
Agreements:
1.	The switching procedure can be used to notify network A that the UE has a preference to be kept in RRC_CONNECTED state in network A while temporarily switching to network B (#113-e).
2.	RRC signalling is used for switching procedure without leaving RRC_CONNECTED state in network A for UE temporarily switching to network B as a baseline. FFS on additional need of MAC signalling (#113bis-e).
Further details on long time switching and short time switching were proposed as the outcome of email discussions, whilst those were not agreed on-line [1, 4].
This paper focuses on the short time switching procedure and attempts to investigate how a gap is configured for the Multi-SIM UE to monitor paging in the other network (Network B).
NOTE:	The delta from the previous contribution is to discuss the open issue made at the last meeting as in section 2.5.
2. Discussion
2.1. Requirements on gap occurrence
Based on current specification, the paging DRX cycle is much longer than measurement gap repetition period (MGRP) in the existing measurement gap patterns. 
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Figure 1 Existing MGRP vs. Paging DRX Cycle
As shown in Figure 1, if existing measurement gap pattern is used for monitoring paging occasion in Network B, many measurement gaps are unnecessary. Even though the longest MGRP (160ms) is used, in case of the typical DRX cycle  (1280ms), 7 gaps per 1 DRX cycle are unnecessary for monitoring paging occasion. In this case, if the typical measurement gap length (6ms) is used, the user data in Network A cannot be scheduled for 42ms per 1 DRX cycle. Therefore, using the current measurement gap pattern results in deteriorating the throughput performance.
Note:	typical DRX cycle and measurement gap length are based on the default parameter of conformance test as specified in TS 38.508-1
Observation 1:	Given that the measurement gap results in deteriorating the throughput performance on the serving cell(s) in Network A, it is desirable to minimise the gap occurrence as needed for the UE to monitor paging in Network B
2.2. Radio resources covered by a gap
In the target multi-SIM scenario where a UE with a single Rx stays in the connected mode on Network A, whilst the UE is in the idle mode on Network B, UE may lose the time synchronization with Network B during the idle period of DRX cycle where the single Rx is set to the carrier frequency (i.e. SSB) of Network A. Therefore, as mentioned in [2],	 for a UE to monitor paging messages in Network B, the UE needs to acquire SSB in advance, to learn radio frame timing and SFN.
Observation 2:	The gap for paging monitoring has to cover PF/PO and SSB occasion in Network B.
As the outcome of the offline discussion in the last meeting [1], there was the proposal for a UE to include a preferred gap pattern in the periodic short-time switching notification, and then Network A configures the gap pattern for the UE. Since Network A cannot know the exact timing of the paging for the UE in Network B, it is reasonable for the UE to report the information about the preferred gap pattern to Network A, which covers PF/PO in Network B. Finally, the gap pattern is configured by the Network A, but Network A has no idea how the gap pattern should be configured without assistance information e.g.) PF/PO and SSB occasion in Network B.
Observation 3:	Assistance information about gap pattern should be included in the periodic short-time switching notification.
From these observations, for the gNB in Network A to configure the gap for the UE properly, the followings are proposed:
Proposal 1:	When a UE requests the gap for paging monitoring to a gNB in Network A, the UE should be able to report its PF/PO and SSB occasion in Network B.
Proposal 1a:		It is FFS how to report UE’s PF/PO and SSB occasion on the stage-3 level.
2.3. Support of asynchronous network deployments
Although the details on reporting UE’s PF/PO and the SSB occasion are proposed as FFS, it can be envisaged that they are derived by using SFN, according to the definition of PF/PO and the SSB occasion in the standard. If Network A and Network B are synchronised, and SFN and frame boundary are aligned between the two networks, Network A can know UE’s PF/PO and the SSB occasion in Network B, based on its own SFN frame timing. However, if not, Network A may not have knowledge on SFN and frame timing in Network B. The following can be observed:
Observation 4:	If Network A and Network B are not synchronised in terms of SFN and frame boundary, the gNB in Network A may not know the correct timing on PF/PO and SSB in Network B, even though the 	UE reports its PF/PO and SSB occasion in Network B.
For the legacy scenario, e.g. MR-DC, one approach is to rely on OAM coordination between two nodes. SFTD measurements can be used, if the OAM coordination is cumbersome. For the Multi-SIM scenario, in particular for the case where Network A and B are served by the different operators, it is not likely that OAM is coordinated between different operators. If the asynchronous deployment is considered between Network A and Network B, the following is proposed:
Proposal 2:	RAN2 is respectfully asked to discuss the necessity of SFTD measurements and reporting for the Multi-SIM purpose, if the asynchronous deployment is considered between Network A and Network B.
2.4. Gap pattern configuration
Given that the gap pattern for monitoring paging has to cover PF/PO and SSB occasion in Network B, the following 3 options can be considered as to how the gap pattern is configured:
Option 1:	Define a new gap pattern to align with the paging DRX cycle;
Option 2:	Define a new gap pattern to cover PF/PO and SSB occasion;
Option 3:	Leverage available idle periods (i.e. DRX off periods) [3]
In case of Option 1, the new gap covers PF/PO. Thus, SSB shall be covered by existing measurement gap pattern. It means that 2 gap patterns need to be configured for the UE. One is for SSB; the other is for PF/PO. The specification needs to be extended, so that the UE can be configured with two gap patterns simultaneously. On the other hand, this option can minimize the gap duration in Network A totally. This option assumes that the UE is equipped with a high quality local oscillator, and so the UE can remember the frame timing even if the UE return back to Network A, upon receiving SSB and acquiring frame timing in Network B.
Option 2 is simple way to cover the both PF/PO and SSB occasion, however, the gap length may be very long as mentioned in [2]. For instance, if the shortest paging DRX cycle (320 ms) and the longest SSB periodicity (160 ms) are used, to cover PF/PO and one SSB within a gap length, the gap length has to be 160 ms plus RF retuning time, at least. Moreover, this gap length needs to be repeated for the period of the paging DRX cycle (320 ms). If more than one SSB is required for timing synchronisation, the UE has to reside in Network B all the time.
Regarding Option 3, the DRX off period can cover SSB and PF/PO, since the (long) DRX cycle supported by the standard is sufficiently large (up to 10.24 s). For instance, if the on-duration timer is 6 ms and the DRX cycle is 2.56 s, the DRX off period is 2.554s, which would be sufficient even for the longest paging DRX cycle (2.56 s). On the other hand, the UE cannot monitor SSN and paging in Network B, while there is a transmission in DL/UL (i.e. drx-InactivityTimer has not been expired yet). 
From the above analysis, Option 1and Option 2 seems to be viable. Amongst the two options, Option 1 is desirable to minimise the gap occasion and allow to monitor Network B, no matter if there is data transaction over Network A. Therefore, the following is proposed.
Proposal 3:		A new gap pattern should be defined to align with the paging DRX cycle, and SSB monitoring should be covered by existing measurement gap pattern
2.5. Necessity of MAC CE for short time switching
As descried in section 1, the switching procedure without leaving RRC_CONNECTED (i.e. short time switching) is to be realised by RRC signalling. The additional need of MAC signalling (i.e. MAC CE) was FFS. When a UE temporarily switches to Network B, without leaving RRC_CONNECTED in Network A, the following use cases can be envisaged:
Case 1:	Timing synchronisation and measurements;
Case 2:	Paging monitoring;
Case 3:	SI acquisition.
For each case, the period for the UE to monitor a radio frame and slot is different. Ideally, interruption time can be minimised, if a gap pattern is tailored for each case. In that sense, MAC CE could adjust the gap pattern dynamically, as needed for the UE. On the other hand, if MAC CE is used, it is Network A to issue MAC CE to the UE. Since Network A is not aware of what the UE is about to do in Network B, it is questionable if Network A can determine a proper gap pattern, hinging on the UE action in Network B, in a timely manner. Therefore, the additional MAC CE for short time switching is not convincing. The following is proposed.
Proposal 4:		MAC signalling is not needed for the switching procedure without leaving 									RRC_CONNECTED in Network A.
2. Summary and proposal
This paper discussed the Signalling design on short time switching procedure. In summary, the followings were observed and proposed:
Observation 1:	Given that the measurement gap results in deteriorating the throughput performance on the serving cell(s) in Network A, it is desirable to minimise the gap occurrence as needed for the UE to monitor paging in Network B
Observation 2:	The gap for paging monitoring has to cover PF/PO and SSB occasion in Network B.
Observation 3:	Assistance information about gap pattern should be included in the periodic short-time switching notification.
Proposal 1:	When a UE requests the gap for paging monitoring to a gNB in Network A, the UE should be able to report its PF/PO and SSB occasion in Network B.
Proposal 1a:		It is FFS how to report UE’s PF/PO and SSB occasion on the stage-3 level.
Observation 4:	If Network A and Network B are not synchronised in terms of SFN and frame boundary, the gNB in Network A may not know the correct timing on PF/PO and SSB in Network B, even though the 	UE reports its PF/PO and SSB occasion in Network B.
Proposal 2:	RAN2 is respectfully asked to discuss the necessity of SFTD measurements and reporting for the Multi-SIM purpose, if the asynchronous deployment is considered between Network A and Network B.
Proposal 3:		A new gap pattern should be defined to align with the paging DRX cycle, and SSB monitoring should be covered by existing measurement gap pattern.
Proposal 4:	MAC signalling is not needed for the switching procedure without leaving 						RRC_CONNECTED in Network A.
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