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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In RAN4 #101-e meeting, a reply LS for MUSIM was approved and sent to RAN2[1]. In RAN4 #101-bis-e meeting, the WF for the remaining issues was also agreed [2]. In RAN2 #116-bis-e meeting, a further LS was sent to RAN4 [3]. 
In this contribution, we will further discuss the gap for MUSIM and try to response these LSs.
2 Gap for MIB/SIB decoding
In RAN4 #101-bis-e meeting, the WF is acaptured as follow. 
	Issue 1-5-3: MIB/SIB1 acquisition
· Proposals
· Option 1: To acquire MIB/SIB1, MG with legacy MGL and MGRP can be used. Two options are recommended (Apple Ericsson ZTE)
· NW configures aperiodic gap patterns with multiple attempts (e.g. 6 MG occasions)
· NW configures periodic gap patterns, UE informs NW the gap can be cancelled once MIB/SIB1 reading is completed.
· Option 2: Regarding the first sub-bullet in option 1, our understanding is that RAN2 signalling will not support the UE requesting multiple aperiodic MUSIM gaps in one shot (one message) (QC)
· Option 3: Up to UE decision (oppo xiaomi Huawei vivo), no more discussion (MTK Nokia)
· Option 4: use only the MUSIM gap patterns introduced with new gap ID-s for MUSIM operations (Intel)
· Option 5: out of scope (xiaomi)
· Option 6: Option 1 has already been agreed (Charter vivo)


From our understanding, UE can request aperiodic gap patterns with assist information for potential occasions based on SIB periodicity for multiple attempts (e.g. 6 MG occasions). UE can also request a periodic gap pattern with the assist timer information to cancel the gap once MIB/SIB1 reading is completed. Thus, when UE requests the gap for MIB/SIB1 decoding, UE shall inform NW with the additional assist information.
[bookmark: _Ref95597751]Proposal 1: To efficient utilize the gap, UE shall inform NW with the additional assistant information when UE requests the gap for MIB/SIB1 decoding.
3 Gap for SI acquisition
In last meeting, there is an open issue on SI acquisition at network B. 
	Issue 1-5-4: OSI acquisition
· Proposals
· Option 1: UE can request M aperiodic gaps with short MGL(6ms) to monitor the PDCCH occasions for SI message, where M is FFS. (Ericsson Apple)
· Option 2: Regarding the first sub-bullet in option 1, our understanding is that RAN2 signalling will not support the UE requesting multiple aperiodic MUSIM gaps in one shot (one message) (QC vivo)
· Option 3: Up to UE decision (oppo xiaomi), no more discussion (MTK) 
· Option 4: All the new gaps with new ID-s can be applied to on-demand SI (Intel)
· Option 5: up to RAN2 (Nokia Huawei Charter ZTE)


The period of SI scheduling (si-Periodicity) can be {rf8, rf16, rf32, rf64, rf128, rf256, rf512} radio frames.  In NR, the SI window Length (si-WindowLength) range can be {s5, s10, s20, s40, s80, s160, s320, s640, s1280} slots.  However, in RAN2 spec. TS38.331, it also clearly indicate the association between the PDCCH monitoring occasions for SI message with actual transmitted SSBs. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N).  Thus, after UE detects the N SSBs, the UE will at most had to monitor the N PDCCH occasions for SI message acquisition. More important, the UE may only need to monitor M PDCCH occasions which associates with the strongest M SSBs will be enough to guarantee the SI decoding performance. 
Therefore, to avoid the performance degradation for NW A, additional assistant information shall be reported by UE. UE can request aperiodic gap with the potential PDCCH monitoring occasions for SI message associated to the strongest M SSBs.
[bookmark: _Ref95597755][bookmark: _Ref92638402]Proposal 2: UE can acquire the OSIs based on multiple aperiodic gaps or a periodic gap by monitoring multiple PDCCH occasions for SI message associated with the strongest SSBs.
[bookmark: _Ref95597760]Proposal 3: When UE requests the gap for OSI acquisition, UE shall request the gap with the assistant information, including potential M PDCCH monitoring occasions for SI message associated with the strongest M SSBs.
4 Gap for on-demand SI request
	Issue 1-5-6: On-demand SI
· Proposals
· Option 1: It’s feasible to use one aperiodic gap for Msg1, Msg2 or MsgA, MsgB and another aperiodic gap for Msg3, Msg4 which depends on the proximity of two Msgs. (Ericsson)
· Option 2: Option 1 is not clear (QC Apple)
· Option 3: All the new gaps with new ID-s can be applied to on-demand SI (Intel)
· Option 4: Up to UE implementation (Nokia oppo vivo)
· Option 5: Up to RAN2 (Huawei ZTE)
· Option 6: within 20ms it is feasible to do 2-step RACH and 4-step RACH (Charter)


In RAN2 LS, an aperiodic gap is expected for UE requesting the on-demand SIs based on RACH procedure. However, the time duration for the UE to acquire the on-demand SI by using contention based random access in NW B is unpredictable. Thus, multiple trials for RACH transmission are expected for on-demand SI request.
	[bookmark: _Toc60776712][bookmark: _Toc68014652]5.2.2.3.3	Request for on demand system information
The UE shall:
…
	else if SIB1 includes si-SchedulingInfo containing si-RequestConfig and criteria to select normal uplink as defined in TS 38.321[13], clause 5.1.1 is met:
2>	trigger the lower layer to initiate the random access procedure on normal uplink in accordance with TS 38.321 [3] using the PRACH preamble(s) and PRACH resource(s) in si-RequestConfig corresponding to the SI message(s) that the UE requires to operate within the cell, and for which si-BroadcastStatus is set to notBroadcasting;
2>	if acknowledgement for SI request is received from lower layers:
3>	acquire the requested SI message(s) as defined in sub-clause 5.2.2.3.2, immediately;


The time distance between RACH transmission(Msg 1) and RAR window is defined in TS 38.213 as follow.
	[bookmark: _Ref491444649][bookmark: _Ref491451289][bookmark: _Ref491451291][bookmark: _Ref491451292][bookmark: _Ref491451293][bookmark: _Ref491451294][bookmark: _Ref491451297][bookmark: _Ref491458133][bookmark: _Toc12021463][bookmark: _Toc20311575][bookmark: _Toc26719400][bookmark: _Toc44877060][bookmark: _Toc51963691][bookmark: _Toc66825528]8.2	Random access response
[bookmark: _Hlk505324461]In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321]. The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Clause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set as defined in Clause 10.1. The length of the window in number of slots, based on the SCS for Type1-PDCCH CSS set, is provided by ra-ResponseWindow. 


[bookmark: _Ref84619548]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 typical RACH procedure is shown as follow. 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. However, in most scenarios, one gap per RA message is not efficient for UE in network A’s CONNECTED mode. Especially, the RA procedure may be used quite often and therefore larger number of gaps will lead to loss of data in the serving cell of the network A. Therefore, to efficient manage the gaps for RACH, UE can also request one aperiodic gap to handle several Msgs combination. Generally, 20ms is enough for the delay of two-step RACH in some scenarios and the length for some combined Msgs of 4-step RACH.  For example, the possible aperiodic gaps combination for 4-step RACH can be as follow.
Table 1.An example of the relation between MGL and Msg combination for 4-step RACH
	Message Type
	MGL(ms)

	Msg1, Msg2
	10

	Msg3, Msg 4 
	20

	Msg4(Optional)
	20


However, considering the RRC procedure delay, the RACH procedure may be missed if UE requests another aperiodic gap after UE finishing the reception in the first aperiodic gap. Thus, to avoid missing the following signal reception/transmission windows, it’s preferred that the UE can be configured with several aperiodic gaps once a time. 
[image: ]
Figure 1. Typical RACH procedure for on-demand SI
[bookmark: _Ref95597763][bookmark: _Ref91893369]Proposal 4: For On-demand SI request, UE shall request one aperiodic gap(20ms) for Msgs processing when the proximity of adjacent Msgs is shorter than a threshold. Otherwise, UE shall request multiple aperiodic gaps(10ms) to handle each Msg processing.
[bookmark: _Ref91893372][bookmark: _Ref95597766]Proposal 5: UE can request aperiodic gap with the assistant information to avoid missing the following signal reception/transmission windows. The information shall include the potential occasions to handle the subsequent Msgs’ processing.
5 MUSIM Gap Patterns
In last RAN2 meeting, a LS related to MUSIM gap patterns was sent to RAN4.
	RAN2 has discussed the MUSIM gaps and reached some conclusions as follows:
1: From RAN2 perspective, at least the following MGL/MGRP values are applicable for MUSIM periodic gap:
-MGL: 1.5ms, 3ms, 3.5ms, 4ms, 5.5ms, 6ms, 10ms, 20ms
-MGRP: 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms, 2560ms.
RAN2 can add additional MGL/MGRP if RAN4 indicates other values are needed.
2: From RAN2 perspective, at least the following MGL values are applicable for MUSIM aperiodic gap.
-MGL: 1.5ms, 3ms, 3.5ms, 4ms, 5.5ms, 6ms, 10ms, 20ms
RAN2 Can add additional MGL if RAN4 indicates other values are needed.
3: RAN2 keep three gaps agreement (i.e., 2 periodic gaps and 1 aperiodic gap) for now. However, RAN2 also sees the low efficiency in some cases if only 2 periodic gaps are allowed. 
RAN2 would like RAN4 to clarify if one additional periodic gap can be possible without sacrificing NW A performance?


Issue 1 and 2 have already agreed in last RAN4 meeting. RAN4 agreed to only introduce MGL with 3ms, 4ms, 6ms, 10ms, and 20ms. Furthermore, RAN4 introduced an additional MUSIM gap pattern with long MGRP = 5120ms.
[bookmark: _Ref95597770]Proposal 6: RAN4 had already agreed the following MUSIM gap patterns with MGL and MGRP in TS38.133.
· MGL: 3ms, 4ms, 6ms, 10ms, 20ms
· MGRP: 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms, 2560ms, 5120
For issue 3, it related to the discussion in section 3 and 4. Currently, RAN2 agreed 2 periodic gaps and 1 aperiodic gap for MUSIM procedure. Generally, one periodic gap will be used for paging reception and another periodic gap will be used for measurement. Aperiodic gap will be applied for other UE’s behaviour in NW B’s Idle mode, such as SIB acquisition, and on-demand SI request. Thus, 2 periodic gaps and 1 aperiodic gap can handle the UE’s behaviour in Idle mode for NW B. 
As we discussed before, one additional periodic gap with can be used for SIB acquisition. UE can further report the NW assistance information about the potential timer to cancel the gap once MIB/SIB1 reading is completed. In other hand, multiple aperiodic gaps once at a time to avoid missing the SIB information can also be used. However, all these additional gaps will sacrifice NW A’s performance. Especially, additional performance impact is expected if UE can decode the SIB with less shot in better channel condition but requests a long gap cancel timer.
[bookmark: _Ref95597738]Observation 1: Additional periodic gap will impact the NW A’s performance, especially when UE can finish the related processing with less trials. 
From our understanding, Rel-17 is the first version to introduce MUSIM capability which aims the baseline solution for MUSIM. The additional periodic and multiple aperiodic gaps can be believed as an optimization which can be defined in the future release. 
[bookmark: _Ref95597742]Observation 2: Current 2 periodic gaps and 1 aperiodic gap for MUSIM can handle the UE’s behaviour in Idle mode for NW B.
[bookmark: _Ref95597772]Proposal 7: An additional periodic gap with UE assist information or multiple aperiodic gaps requesting once a time can be believed as the optimization for MU-SIM gap and defined in next release.
6 Conclusion
In the contribution, we discuss the gap handling for MU-SIM and response the LS. We have the following proposals:
Observation 1: Additional periodic gap will impact the NW A’s performance, especially when UE can finish the related processing with less trials.
Observation 2: Current 2 periodic gaps and 1 aperiodic gap for MUSIM can handle the UE’s behaviour in Idle mode for NW B.
Proposal 1: To efficient utilize the gap, UE shall inform NW with the additional assistant information when UE requests the gap for MIB/SIB1 decoding.
Proposal 2: UE can acquire the OSIs based on multiple aperiodic gaps or a periodic gap by monitoring multiple PDCCH occasions for SI message associated with the strongest SSBs.
Proposal 3: When UE requests the gap for OSI acquisition, UE shall request the gap with the assistant information, including potential M PDCCH monitoring occasions for SI message associated with the strongest M SSBs.
Proposal 4: For On-demand SI request, UE shall request one aperiodic gap(20ms) for Msgs processing when the proximity of adjacent Msgs is shorter than a threshold. Otherwise, UE shall request multiple aperiodic gaps(10ms) to handle each Msg processing.
Proposal 5: UE can request aperiodic gap with the assistant information to avoid missing the following signal reception/transmission windows. The information shall include the potential occasions to handle the subsequent Msgs’ processing.
Proposal 6: RAN4 had already agreed the following MUSIM gap patterns with MGL and MGRP in TS38.133.
· MGL: 3ms, 4ms, 6ms, 10ms, 20ms
· MGRP: 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms, 2560ms, 5120
Proposal 7: An additional periodic gap with UE assist information or multiple aperiodic gaps requesting once a time can be believed as the optimization for MU-SIM gap and defined in next release.
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1. Overall Description:
RAN4 thanks the LS from RAN2 on gap handling for MUSIM. During this RAN4 meeting, RAN4 further discussed the questions and achieved the following conclusions:
Reply LS related to R2-2108861
Question 1: Are the existing measurement gap cycle and duration value(s) sufficient to support the above any of Scenarios 1, 2, and 3?
[RAN4 Response]: 
· Scenario 2: SI receiving at network B
From RAN4’s understanding, after SIB1 acquisition, it’s feasible to use multiple short aperiodic gaps(MGL=6ms) or a periodic gap to monitor multiple PDCCH occasions for SI message associated with the strongest SSBs.
· UE shall request a periodic gap or multiple aperiodic gaps with the assist information, including potential M PDCCH monitoring occasions for SI message associated to the strongest M SSBs.
· NW configures with multiple aperiodic gap patterns once a time (e.g. 6 MG occasions)
· NW configures periodic gap patterns based on the potential timer to cancel the gap once SI acquisition is completed.
· Scenario 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;
From RAN4’s understanding, it’s feasible to use multiple short aperiodic gaps for Msg1, Msg2, (Msg3, Msg4) or their combinations’ transmission/reception for On-demand SI request. To avoid missing the following signal reception/transmission windows after the first aperiodic gap window, UE can request aperiodic gap with the UE assist information including potential occasions to handle the subsequent Msg processing. 
Question 2: If the answer to Question 1 is negative, RAN2 would like to request feedback on the gap cycle and duration value(s) for the above scenarios and in particular:

· For Scenario 1, could RAN4 provide feedback on the range of value(s) for gap cycle and duration needed to meet the Idle/Inactive mode RRM requirements in Network B?
· For Scenario 2, could RAN4 provide feedback on the range of value(s) for gap cycle and duration required to acquire the necessary system information in Network B?
· What would be the feasible range of value(s) for gap cycle and duration that can allow the UE stay in Connected mode in Network A for all 3 scenarios?

[RAN4 Response]: 
RAN4 further concludes that new aperiodic measurement gap pattern with MGL = 10ms, 20ms shall be introduced.  

Reply LS related to R2-2201717
From RAN2 perspective, at least the following MGL/MGRP values are applicable for MUSIM periodic gap:
-MGL: 1.5ms, 3ms, 3.5ms, 4ms, 5.5ms, 6ms, 10ms, 20ms
-MGRP: 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms, 2560ms.
RAN2 can add additional MGL/MGRP if RAN4 indicates other values are needed.
2: From RAN2 perspective, at least the following MGL values are applicable for MUSIM aperiodic gap.
-MGL: 1.5ms, 3ms, 3.5ms, 4ms, 5.5ms, 6ms, 10ms, 20ms
RAN2 Can add additional MGL if RAN4 indicates other values are needed.

[RAN4 Response]: 
RAN4 had agreed the MUSIM gap patterns. A list of all supported MUSIM gap patterns can be found in below table for reference.
Table 9.1.2x-1: MUSIM Gap Pattern Configurations
	MUSIM Gap Pattern Id
	MUSIM Gap Length (MGL, ms)
	MUSIM Gap Repetition Period (MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	10
	80

	13
	20
	160

	14
	6
	320

	15
	6
	640

	16
	6
	1280

	17
	6
	2560

	18
	10
	320

	19
	10
	640

	20
	10
	1280

	21
	10
	2560

	22
	[bookmark: _Hlk91175055]20
	320

	23
	20
	640

	24
	20
	1280

	25
	20
	2560

	26
	20
	5120

	27
	10
	NA

	28
	20
	NA

	Note 1: Measurement gap pattern #27, #28 are the aperiodic gap pattern without MGRP.



3: RAN2 keep three gaps agreement (i.e., 2 periodic gaps and 1 aperiodic gap) for now. However, RAN2 also sees the low efficiency in some cases if only 2 periodic gaps are allowed. 
RAN2 would like RAN4 to clarify if one additional periodic gap can be possible without sacrificing NW A performance?
[RAN4 Response]: 
Current 2 periodic gaps and 1 aperiodic gap for MUSIM can handle the UE’s behaviour in Idle mode for NW B. Additional periodic gap will impact the NW A’s performance, especially when UE can finish the related procedure with less trials.
From RAN4’s perspective, additional periodic gap with timer information or multiple aperiodic gaps request once a time can be believed as the optimization for MU-SIM gap and defined in next release.

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account. 

3. Date of Next TSG-RAN4 Meetings:
TSG-RAN4 #103-e 	May 16 – May 27, 2022	Electronic Meeting
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