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1.  Introduction
In last RAN2 meeting an LS was sent to RAN4 [1]. Below is 3 scenarios RAN2 is intended to support when switching from Network B to Network A.
Scenarios and supported gap types

· 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, neighbouring 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;


And here are the 3 questions that RAN2 are asking to get answered in this LS.

Question 1: Are the existing measurement gap cycle and duration value(s) sufficient to support the above any of Scenarios 1, 2, and 3?

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:
A. 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?
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?
C. 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?

Question 3: What are the impacts of multiple activated MUSIM gaps (at most two periodic gaps and a single aperiodic gap) from RAN4 perspective?

In this paper, we outlining our views for scenario 1 and 2, and based on that, the appropriate action.

2.  Discussion
First of all, we would like to make some observations for scenario 1, where the UE stays in RRC-Connected in Network A. Table 9.1.2-1: Gap Pattern Configurations lists all configurable gaps which are applied based on the applicability defined in table 9.1.2-2 and 9.1.2-3. 
Table 9.1.2-1: Gap Pattern Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement 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
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



As seen in table 9.1.2-1, there are 4 repetition periods, 20, 40, 80, and 160ms. 
The UE, on the other hand, is in idle or inactive mode in Network B. When a UE is in either RRC_IDLE or RRC_INACTIVE, clause 4 and 5 respectively in TS 38.133 V17.3.0 [2] describe the procedure when measurements happen in serving cell, intra frequency cell, inter-frequency cell, and Inter-RAT cells. Below, from the clause 4 for RRC_IDLE, is the information of how often serving cell, intra frequency cell, inter-frequency cell measurements have to be done when being in idle mode.
	4.2.2.2	Measurement and evaluation of serving cell
The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 [1] for the serving cell at least once every M1*N1 DRX cycle; where:
M1=2 if SMTC periodicity (TSMTC) > 20 ms and DRX cycle ≤ 0.64 second,
otherwise M1=1.

…
Table 4.2.2.2-1: Nserv
	DRX cycle length [s]
	Scaling Factor (N1)
	Nserv [number of DRX cycles]

	
	FR1
	FR2Note1
	

	0.32
	1
	8
	M1*N1*4

	0.64
	
	5
	M1*N1*4

	1.28
	
	4
	N1*2

	2.56
	
	3
	N1*2

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.






	4.2.2.3	Measurements of intra-frequency NR cells
The UE shall measure SS-RSRP and SS-RSRQ at least every Tmeasure,NR_Intra (see table 4.2.2.3-1 or table 4.2.2.3-2) for intra-frequency cells that are identified and measured according to the measurement rules.
…
Table 4.2.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.
Note 2:	M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1. If different SMTC periodicities are configured for different cells, the SMTC periodicity in this note is the one used by the cell being identified. During PSS/SSS detection, the periodicity of the SMTC configured for the intra-frequency carrier is assumed, and if the actual SSB transmission periodicity is greater than the SMTC configured for the intra-frequency carrier, longer Tdetect, NR_intra is expected.






	4.2.2.4	Measurements of inter-frequency NR cells
The UE shall measure SS-RSRP or SS-RSRQ at least every Kcarrier * Tmeasure,NR_Inter (see table 4.2.2.4-1) for identified lower or equal priority inter-frequency cells.
…
Table 4.2.2.4-1: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x 1.5 (36 x N1 x 1.5)
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	
	5
	17.92x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.





As we can see, this outlines the measurement periods and the DRX cycle length, both defined in seconds. If we have DRX=0.32s, then most often measurements 
· for serving cell would be M1*N1*DRX cycle = 0.32s, 
· for intra-frequency = 1.28s*N1*M2 = 1.28s, 
· and for inter-frequency = 1.28s*N1*1.5 = 1.92s

Now if we look at paging as defined in TS 38.304 V16.6.0 [3]. 
	[bookmark: _Toc29245230][bookmark: _Toc37298581][bookmark: _Toc46502343][bookmark: _Toc52749320][bookmark: _Toc83661479]7.1	Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle.


In other words, paging will happen once per DRX cycle. Thus, there minimum gap periodicity only has to be 320ms when switching from Network A to Network B, because the periodicity of 0.32s, 0.32s, 1.28s, 1.92s are divisors of 0.32s.  
Proposal 1: When a UE is in RRC_IDLE or RRC_INACTIVE state, the Network may have a DRX cycle of 320, 640, 1280, or 2560ms. These periods should be added as periods for Network in connected mode.
· Option 1: RAN4 should create a new table to align periodicities for connected state and idle/inactive or
· Option 2: Add the additional repetition periods to the Table 9.1.2-1 Gap Pattern Configurations in TS 38.133.

For scenario 2, the LS [1] states that;
“SIBs other than SIB1 are carried in System Information (SI) messages, which are periodically scheduled in SI window. The period of SI scheduling (si-Periodicity) can be {rf8, rf16, rf32, rf64, rf128, rf256, rf512} radio frames. For NR, the SI window Length (si-WindowLength) range can be {s5, s10, s20, s40, s80, s160, s320, s640, s1280} slots, for LTE the SI window Length (si-WindowLength) range can be {ms1, ms2, ms5, ms10, ms15, ms20, ms40} ms.”
These values can be found in TS 38.331 V16.6.0 [4] and TS 36.331 V16.6.0 [5]. Just for clarification by using the same metric, 1 radio frame is 10ms, so we got si-Periodicity {80, 160, 320, 640, 1280, 2560, 5120}ms. Some si-WindowLength are very long to be handled in the current specification for measurement gaps in connected state. Looking in TS 38.133 V17.3.0, in clause 9.1.2, there are Table 9.1.2-4, Table 9.1.2-4a, and Table 9.1.2-4b, where Table 9.1.2-4 is copied in here below.
Table 9.1.2-4: Total number of interrupted slots on all serving cells during MGL for Synchronous EN-DC, NR standalone operation (with single carrier, NR CA and synchronous NR-DC configuration) and NE-DC, and on all serving cells in MCG for NR standalone operation (with asynchronous NR-DC configuration) with per-UE measurement gap or per-FR measurement gap for FR1
	NR 
SCS
(kHz)
	Total number of interrupted slots on serving cells

	
	When MG timing advance of 0ms is applied
	When MG timing advance of 0.5ms is applied

	
	MGL=20ms
	MGL=10ms
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=20ms
	MGL=10ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	15
	20
	10
	6
	4
	3
	21Note3
	11Note3
	7Note3
	5Note3
	4Note3

	30
	40
	20
	12
	8
	6
	40
	20
	12
	8
	6

	60
	80
	40
	24
	16
	12
	80
	40
	24
	16
	12

	120
	160
	80
	48
	32
	24
	160
	80
	48
	32
	24

	NOTE 1:	For Gap Pattern ID 0, 1, 2 and 3, total number of interrupted subframes on MCG is MGL subframes when MG timing advance of 0ms is applied, and (MGL+1) subframes when MG timing advance of 0.5ms is applied.
NOTE 2:	NR SCS of 120 kHz is only applicable to the case with per-UE measurement gap.
NOTE 3:	Non-overlapped half-slots occur before and after the measurement gap. Whether a Rel-15 UE can receive and/or transmit in those half-slots is up to UE implementation.



It shows that up to 160slots in one gap can be handled if SCS = 120kHz is used. 
· What are these extreme long window lengths for? In one window, do they send 
· multiple SI blocks after each other?
· repetition of one SI block?

If one or both of the two questions above are yes, we have the following proposal to handle this. 
Proposal 2: SI messages should be using on-demand request, and in each aperiodic gap one other SIB shall be sent, with no repetition. This will keep the window length as short as possible which will gain both Networks and the UE.
For scenario 3, about aperiodic gap procedure, our understanding is that an aperiodic gap is requested when there is a need for one extra gap to transmit and receive. After that, this gap is released. In other words, aperiodic gaps do not have a periodicity but a gap length. 
Proposal 3: RAN4 need to specify when there is possible to schedule an aperiodic gap.
Proposal 4: RAN4 need to check if the current MGL in Table 9.1.2-1 are enough for all considered cases.
3. Conclusion
In the contribution, we have discussed the LS reply on gap handling for MUSIM (R2-2108861). We have the following proposals:
Proposal 1: When a UE is in RRC_IDLE or RRC_INACTIVE state, the Network may have a DRX cycle of 320, 640, 1280, or 2560ms. These periods should be added as periods for Network in connected mode.
· Option 1: RAN4 should create a new table to align periodicities for connected state and idle/inactive or
· Option 2: Add the additional repetition periods to the Table 9.1.2-1 Gap Pattern Configurations in TS 38.133.

Proposal 2: SI messages should be using on-demand request, and in each aperiodic gap one other SIB shall be sent, with no repetition. This will keep the window length as short as possible which will gain both Networks and the UE.
Proposal 3: RAN4 need to specify when there is possible to schedule an aperiodic gap.
Proposal 4: RAN4 need to check if the current MGL in Table 9.1.2-1 are enough for all considered cases.
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