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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last RAN4 meeting, a WF about MU-SIM was approved [1]. In this contribution, we will continually discuss the possible new gap patterns for MUSIM.
2 New gap pattern design
In MU-SIM devices, UE will request the gaps to switch to NW B while having on-going traffic in NW A. As discussed in last RAN4 meeting, the new measurement gap pattern (MGP) whose MGRP equals DRX cycle{320, 640, 1280, 2560}ms will be introduced.
	Issue 1-2-1: MGL for new periodic gap patterns for MUSIM
· Proposals: 
· Option 1: [6ms; 10ms; 20ms] (Ericsson vivo Huawei MTK Apple Nokia oppo xiaomi ZTE)
· Option 2: 6ms (Charter Communications)
· Option 3: [20ms; 40ms; 80ms; 160ms] (Intel)   [20ms] at the 1st round (Intel)
· Option 7: [6ms; 10ms; 20ms 40] ms (QC)
· Agreements
· Define 6ms, 10ms, 20ms MGL for new periodic gap patterns for MUSIM. FFS is longer values shall be considered.

Issue 1-2-2: MGRP for new periodic gap patterns for MUSIM
· Proposals: 
· Option 1: [320ms, 640ms, 1280ms, 2560ms] (Charter Communications, Ericsson, vivo, Apple, oppo, Huawei QC MTK Nokia xiaomi ZTE)
· Option 2: 5120ms in addition to option 1; (Intel)
· Agreements
· Define 320ms, 640ms, 1280ms, 2560ms MGRP for new periodic gap patterns for MUSIM
· Define new periodic gap patterns for MUSIM with [5120ms MGRP and 20ms MGL]


Periodic MGP
In last meeting, RAN4 had agreed the new MGPs for MGL equalling 6ms, 10ms, 20ms. From our understanding, the typical measurement gap length (MGL) 6ms will be used for NW B’s measurement behaviour.  
In NR paging design, an additional AGC retuning is needed before UE wakes up for PO monitoring after a long DRX cycle. MGL 10ms, 20ms can be applied for paging reception if the time proximity of SSB occasion and PO is larger than a threshold T. Considering the gap overhead ratio is lower due to long MGRP for MUSIM measurements, both the MGL equaling 10ms and 20ms can be applied. MGL 20ms can also be applied for SIB acquisition or On-demand SI transmission. MGL 6ms, 10ms, and 20ms can be used to support for all important NW B’s behaviour in Idle mode. We don’t see any further MGL shall be included with specific usage. Furthermore, RAN4 not need to further consider the optimization use case in the Rel-17 which can be believed as a baseline version for MUSIM procedure.
[bookmark: _Ref95580660]Observation 1: Current MGPs defined in RAN4 can meet the NW B’s UE behaviour in Idle mode.
[bookmark: _Ref95580671]Proposal 1: RAN4 not to introduce further long MGL for optimization in Rel-17 MUSIM.  
Aperiodic MGP
Aperiodic MGP will be mainly used for burst processing in NW B, such as SIB acquisition and On-demand SI. 
	Issue 1-2-3: Aperiodic gap pattern for MUSIM 
· Proposals: 
· Option 1: MGL only with value [6ms; 10ms; 20ms] (Ericsson)
· Option 2: MGL only with value 20ms; (Charter Communications, vivo, oppo)
· Option 3: MGL only with value [10ms; 20ms] (Huawei)
· Option 4: new gap patterns are with the combination of MGL and MGRP of (20ms, 5120ms), (40ms, 5120ms), (80ms, 5120ms) and (160ms, 5120ms)  (Intel)
· Option 5: MGL (ms) = 80, 160, 320, 640, 1280, 2560, 5120 QC
Agreement: 20 ms MGL is agreed for Rel-17 , other candidate value are TBD


For SIB acquisition, the gap length and periodicity for SIB1 acquisition can refer on the discussion in Rel-16 CGI reading. Aperiodic MGP with MGL 10ms can be used for SIB acquisition.
[bookmark: _Ref95580663]Observation 2: Aperiodic MGP with MGL 10ms is enough for SIB acquisition.
For on-demand SI procedure, to avoid the long interruption due to single gap, multiple short aperiodic gaps for Msg1, Msg2, (Msg3, Msg4) transmission/reception or the combination of Msgs is preferred. The length of each aperiodic gap depends on UE’s waiting time for Msg1/Msg3, the length of RAR window and the timer for contention solution. Thus, UE may request one gap per RA Msg, such as Msg 1 and Msg 3 with 6ms aperiodic gap and Msg 2 with 10ms and Msg 4 with 20ms.
[bookmark: _Ref95580666]Observation 3: Aperiodic MGP with MGL 10ms can be used for on-demand SI.
Thus, RAN4 shall further introduce aperiodic MGP at least with short MGL 10ms [3].
[bookmark: _Ref91888678]Proposal 2: RAN4 to introduce the new aperiodic MGP with MGL 10ms. 
3 Applicability for MUSIM
In last meeting, some open issues about the applicability for MUSIM are as follow.
	Issue 1-5-2: Application considerations
· Proposals
· Option 1: Proposal 3: RAN4 to clarify the applicability that sharing the gap between network A’s mobility measurements and the MUSIM measurements is precluded. Error! Reference source not found. (Ericsson oppo ZTE)
· Option 2: The UE uses the dedicated gap introduced for MUSIM according to network measurement gap configurations to read the SIB-s at network B and the gap configurations from the network including MGL, MGRP and gap offset guarantee that the UE acquires the scheduled SIB-s correctly; the UE is not required to acquire any SIB scheduling that is outside the MUSIM gaps. (Intel oppo)
· Option 3: The UE should be allowed to use the MUSIM gaps for the purpose of supporting Rel-17 MUSIM operation. No further constraints are needed (QC)
· Option 4: Up to UE and no more discussion on this issue (MTK Apple Nokia)
· Option 5: option 1 is a clarification and option 2 no spec impact


The gap for MUSIM is mainly to maintain the connection with network B which is a best effort behaviour for UE in network A’s CONNECTED mode. From our understanding, the MUSIM gap shall not impact the gap configuration and measurement delay for network A when MUSIM gap is introduced. However, dropping some important procedures for network B may not permitted or have severe impact on MUSIM KPI, for example, the paging monitoring for network B. Therefore, RAN4 shall discuss the colliding issue when MUSIM gap colliding with network A’s measurements. In Rel-17, considering the tight schedule, it’s preferred to only consider the scenario without overlapping between MUSIM gap with network A’s measurement. When UE requests the MGs for MUSIM purpose, UE needs to avoid the possible overlapping with legacy measurement gap configured for network A’s mobility.  
[bookmark: _Ref91888694]Proposal 3: RAN4 to clarify the applicability that sharing the gap between network A’s mobility measurements and the MUSIM measurements is precluded.
4 UE feature list
MUSIM capability
In last meeting, total 28 MUSIM gap patterns were agreed for MUSIM purpose. However, it’s highly impossible to mandatorily UE to support all these MUSIM gap patterns when UE claims to support MUSIM gaps. Thus, when UE claims supporting MUSIM feature, UE shall report the supported MUSIM gap patterns to NW similar as legacy measurement gap pattern reporting mechanism. Another benefit is that NW A can smartly decide the MUSIM gap configuration based on UE’s reporting. Furthermore, considering the forward compatibility, it’s better to define a separate table of MUSIM MGP capability for UE. 
[bookmark: _Ref95580680]Proposal 4: Define a separate MUSIM gap pattern table to report the supported MUSIM gap patterns by UE.
Mandatory MGPs for MUSIM
In legacy NR, total 25 MGPs are defined. To reduce the design complexity for UE side, mandatory MGPs are also introduced. UE only needs to support the subset of the MGPs mandatorily and whether UE supports other MGPs will be reported by capability. The mandatory MGPs is also useful to network scheduling. Especially, when different UE vendors may support different combination of MGPs, it’s highly impossible for network to schedule different MGPs to different UEs. It also implies that network had to implement all the possible MGPs which will result in an overdesign for network. Therefore, similar as legacy MGP design, a sub-set of mandatory MUSIM gap patterns shall be supported by UE once UE reports to support MUSIM. From NW A’s perspective, the density of gaps for NW B shall have less interruption to on-going NW A’s traffic. When UE requests the gaps, a reasonable gap periodicity is preferred. From our understanding, 1.28s is a typical DRX cycle which is applied in real deployment. Thus, we propose to at least define MGRP=1.28s as a mandatory MUSIM gap pattern.   
[bookmark: _Ref91888683]Proposal 5: UE needs to at least support MUSIM gap pattern with MGL=6MS, MGRP=1280ms once UE reporting to support MUSIM capability.
5 Conclusion
In the contribution, we discuss the gap pattens and applicable for MU-SIM gaps. We have the following proposals:
Observation 1: Current MGPs defined in RAN4 can meet the NW B’s UE behaviour in Idle mode.
Observation 2: Aperiodic MGP with MGL 10ms is enough for SIB acquisition.
Observation 3: Aperiodic MGP with MGL 10ms can be used for on-demand SI.
Proposal 1: RAN4 not to introduce further long MGL for optimization in Rel-17 MUSIM.
Proposal 2: RAN4 to introduce the new aperiodic MGP with MGL 10ms.
Proposal 3: RAN4 to clarify the applicability that sharing the gap between network A’s mobility measurements and the MUSIM measurements is precluded.
Proposal 4: Define a separate MUSIM gap pattern table to report the supported MUSIM gap patterns by UE.
Proposal 5: UE needs to at least support MUSIM gap pattern with MGL=6MS, MGRP=1280ms once UE reporting to support MUSIM capability.
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