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1. Introduction

At RAN 94 meeting, the revised WI for MUSIM [1] was approved. In the objectives of the WI, the following objective is added:
· Specify that existing gap patterns in TS 38.133 can be applicable for MUSIM and also define new gap patterns for MUSIM [RAN4]:

The completion of the formal task is RAN 95. In addition, at RAN2 115 meeting, one LS [2] regarding on measurement gap configuration for MUSIM WID was sent to RAN4. RAN4 has extensive discussion on this topic and the reply LS and WF are [3] and [4]. This contribution provides our considerations on MUSIM requirements. 
2. Discussion

2.1 Gap for SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT 

For this topic, we have the following agreements and options after RAN4 101 meeting [4].

Agreements:

Regarding serving cell measurement, neighbor cell measurements including intra-frequency, inter-frequency and inter-RAT measurements, RAN4 concluded that the legacy gap patterns can fulfill this task, but with low efficiency in some scenarios.

Regarding SSB for AGC and paging reception, RAN4 has the following conclusions:

· A legacy measurement gap patterns can be used, but with low efficiency. 

· Additional gap patterns can be used for paging reception with/without SSB for AGC. These gap patterns could be a new measurement gap patterns whose measurement gap length (MGL) can be the same as legacy MGL, but with longer MGRP equal to network B DRX cycles like {320, 640, 1280, 2560} in RRC IDLE mode.
Issue 1-1: New periodic gap pattern
Option 1: Legacy MGL with new MGRP[0.32s, 0.64s, 1.28s and 2.56s]

Option 2: Limited set of legacy MGL with new MGRP[0.32s, 0.64s, 1.28s and 2.56s] 

Option 3: Other Options

Issue 1-2: Gap for paging and SSB for AGC

Whether a single measurement gap will be used when the time distance between the SSB for AGC and paging reception is shorter than a threshold
· Option 1: Single gap with long MGRP [0.32s, 0.64s, 1.28s and 2.56s] and legacy MGL
· Option 2: Two independent gaps
· Option 3: Do not needs to limit the usage of gaps    
Regarding paging reception, the time distance between PO and SSB immediately before this PO is randomly distributed in the range of SSB period, which is {5, 10, 20,40,80, 160} ms. Therefore, when the distance between the SSB and PO is quite large, using one gap to cover both measurements is usually infeasible since the interruption caused by an extreme long measurement gap will reduce UE throughput and damage user experience. The solution, which was agreed at previous meeting, is to use two measurement gap configurations, one measurement gap configuration is used for serving and neighbour cell measurement and the other measurement gap configuration is used for paging reception, as illustrated in the following figure. 
On the other hand, if the time distance between PO and SSB is short enough, one particular concern of issue 1-2 is that the gap between the paging occasion and its previous SSB may not be long enough to enable UE RF retuning if multiple gaps are used. Since the distance between the PO and SSB is small, using one periodic gap with larger MGL is sufficient for both paging reception and measurements, as illustrated in the following figure.     


[image: image1.emf]SSB

burst

Network A

Network B

SSB

burst

SSB

burst

PO reception

SSB burst for 

inter-Frequency 

Measurement

SSB Perioid

SSB

burst

SSB

burst

SSB

burst

PO reception

SSB burst for 

inter-Frequency 

Measurement

DRX Cycle

Gap 2 Gap 1 Gap 2 Gap 2 Gap 2 Gap 2

...

Gap 2 Gap 1 Gap 2 Gap 2 Gap 2 Gap 2

...



[image: image2.emf]Network A

Network B

SSB

burst

PO reception

SSB burst for 

inter-Frequency 

Measurement

SSB

burst

PO reception

SSB burst for 

inter-Frequency 

Measurement

DRX Cycle

Gap 1

...

...

Gap 1

Gap 1 Gap 1


Proposal 1: For the scenario when the time distance between the SSB for AGC and paging reception is small, one solution is to use legacy gap with large MGL. 

From the existing gap list, gap 24 and 25 are with a relatively large MGL however NOTE 6 in Table 9.1.2-2 of [5] prevent them from using for the above MUSIM scenario. Since part of the objective of revised MUSIM WI is to “Specify that existing gap patterns in TS 38.133 can be applicable for MUSIM … ”, we suggest to add some clarifications at NOTE 6 in Table 9.1.2-2 of [5]. Following the same logic, same clarifications should be added to NOTE 8 in Table 9.1.2-3 of [5]. 
Proposal 2: In order to allow gap pattern 24 and 25 can be used for MUSIM purpose, add clarifications at NOTE 6 in Table 9.1.2-2 and NOTE 8 in Table 9.1.2-3 from TS38.133. 

Table 9.1.2-1: Gap Pattern Configurations

	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)

	Other gap patterns…
	
	

	24
	10
	80

	25
	20
	160


Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE or NR-E-UTRA dual connectivity UE

	Measurement gap pattern configuration
	Serving cell 
	Measurement PurposeNote 5
	Applicable Gap Pattern Id

	Per-UE 
	E-UTRA + FR1, or
	non-NR RAT Note1,2 
	0,1,2,3

	Measurement gap
	E-UTRA + FR2, or E-UTRA + FR1 + FR2
	FR1 and/or FR2 Note 7
	0-11, 24, 25

	
	
	non-NR RATNote1,2 and FR1 and/or FR2 Note 7
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2
	0,1,2,3



	
	FR2 if configured
	
	No gap 

	
	E-UTRA and, FR1 if configured
	FR1 only 
	0-11 

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap

	Per-FR
	FR2 if configured
	
	12-23

	measurement gap
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	0-11 

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	Note:
In E-UTRA-NR dual connectivity mode, if GSM or UTRA TDD or UTRA FDD inter-RAT frequency layer is configured to be monitored, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap. In NR-E-UTRA dual connectivity mode, if UTRA FDD inter-RAT frequency layer is configured to be monitored for SRVCC, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.

NOTE 1:
In E-UTRA-NR dual connectivity mode, non-NR RAT includes E-UTRA, UTRA and/or GSM. In NR-E-UTRA dual connectivity mode, non-NR RAT means E-UTRA, and UTRA for SRVCC.

NOTE 2:
Void

NOTE 3:
When E-UTRA inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.
NOTE 4:
For UE supporting supportedGapPattern-NRonly-NEDC or measGapPatterns-NRonly-ENDC-r16 but not supporting supportedGapPattern for the corresponding gap patterns among GP2-11, the corresponding gap patterns are not applicable to measurement of non-NR RATs as defined in NOTE 1.

NOTE 5:
Inclusion of positioning measurements: Measurement purpose which includes E-UTRA measurements includes also E-UTRA RSRP and E-UTRA RSRQ measurements for E-CID.

NOTE 6:
Measurement gap patterns #24 and #25 can be requested [2] only when the UE is configured at least with any of RSTD, UE Rx-Tx, PRS-RSRP or MUSIM measurements requiring such gaps and can only be used during the corresponding positioning measurement period or for MUSIM measurements.
NOTE 7:
Inclusion of positioning measurements for per-UE measurement gaps: Measurement purpose which includes any of FR1 and FR2 measurements includes also RSTD, UE Rx-Tx, and PRS-RSRP measurements.


For the issue 1-1, with the new introduced MGRP, option 1 or 2 is sufficient to perform aforementioned MUSIM measurements such as serving cell/neighbour cell measurement, paging reception etc with reasonable efficiency. The difference between option 1 and 2 is whether all legacy MCL or only limited set of MCL are considered when constructing new gap patterns. The total legacy MGL consists of 8 different value from 1.5 ms to 6ms for normal measurement gap and 10, 20ms for gap for positioning measurement. If all these MGL are considered, the combination among different MGL and MGRP could lead to large amount of new gap patterns which may oversupply. Hence we suggest to only consider 6, 10 and 20ms as the candidate MGL set for new gap patterns. 
Proposal 3: For issue 1-1. only consider 6, 10 and 20ms as the candidate MGL set for new gap patterns. 

Based on the new MGRP and candidates MGL, we propose the following new gap patterns are added. 
Proposal 4: Add the following new gap patterns to Table 9.1.2-1 of TS38.133, for MUSIM purpose. 

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

	26
	6
	320

	27
	6
	640

	28
	6
	1280

	29
	6
	2560

	30
	10
	320

	31
	10
	640

	32
	10
	1280

	33
	10
	2560

	34
	20
	320

	35
	20
	640

	36
	20
	1280

	37
	20
	2560


Table 9.1.2-3: Applicability for Gap Pattern Configurations supported by the UE with NR standalone operation (with single carrier, NR CA and NR-DC configuration)

	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose NOTE 2
	Applicable Gap Pattern Id

	
	FR1 NOTE5, or

FR1 + FR2
	non-NR RAT NOTE3,6
	0,1,2,3

	Per-UE measurement 

gap
	
	FR1 and/or FR2 NOTE 9
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6,9
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	
	
	MUSIM
	24,25, 26-37

	
	FR2 NOTE5
	non-NR RAT only 
NOTE3,6
	0,1,2,3

	
	
	FR1 only NOTE 9
	0-11, 24, 25

	
	
	FR1 and FR2 NOTE 9
	0-11, 24, 25

	
	
	non-NR RAT and FR1 and/or FR2 NOTE3,6,9
	0, 1, 2, 3, 4, 6, 7, 8,10, 24

	
	
	FR2 only NOTE 9
	12-23

	
	
	MUSIM
	24,25, 26-37

	
	FR1 if configured
	non-NR RAT only 
	0,1,2,3

	
	FR2 if configured
	NOTE3,6
	No gap 

	
	FR1 if configured
	FR1 only 
	0-11

	
	FR2 if configured
	
	No gap

	
	FR1 if configured
	FR2 only
	No gap

	Per-FR
	FR2 if configured
	
	12-23

	measurement 
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	gap
	FR2 if configured
	FR1 NOTE3,6
	No gap

	
	FR1 if configured
	FR1 and FR2
	0-11

	
	FR2 if configured
	
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR2 NOTE3,6
	12-23

	
	FR1 if configured
	non-NR RAT and 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	FR1 and FR2 NOTE3,6
	12-23

	NOTE 1:
When E-UTRA inter-RAT RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.

NOTE 2:
Measurement purpose which includes E-UTRA measurements includes also inter-RAT E-UTRA RSRP and RSRQ measurements for E-CID; measurement purpose which includes E-UTRA measurements includes also E-UTRA RSRP and E-UTRA RSRQ measurements for E-CID.
NOTE 3:
Void

NOTE4:
If per-UE measurement gap is configured with MG timing advance of TMG ms, the measurement gap starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among all serving cells subframes.


If per-FR measurement gap for FR1 is configured with MG timing advance of TMG ms, the measurement gap for FR1 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR1.


If per-FR measurement gap for FR2 is configured with MG timing advance of TMG ms, the measurement gap for FR2 starts at time TMG ms advanced to the end of the latest subframe occurring immediately before the configured measurement gap among serving cells subframes in FR2.


TMG is the MG timing advance value provided in mgta according to [2].


In determining the measurement gap starting point, UE shall use the DL timing of the latest subframe occurring immediately before the configured measurement gap among serving cells.

NOTE 5:
NR-DC in Rel-15 only includes the scenarios where all serving cells in MCG in FR1 and all serving cells in SCG in FR2. 

NOTE 6:
In NR single carrier, NR CA, and NR-DC mode, non-NR RAT means E-UTRA, and UTRA for SRVCC. In NR single carrier, NR CA, and NR-DC mode, if UTRA FDD inter-RAT frequency layer is configured to be monitored for SRVCC, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
NOTE 7:
For UE only supporting supportedGapPattern-NRonly for any gap patterns among GP2-11, the corresponding gap patterns are not applicable to measurement of non-NR RATs as defined in NOTE 6.

NOTE 8:
Measurement gap patterns #24 and #25 can be requested [2] only when the UE is configured with any of RSTD, UE Rx-Tx, or PRS-RSRP measurements requiring such gaps and can only be used during the corresponding positioning measurement period.
NOTE 9:
Inclusion of positioning measurements for per-UE measurement gaps: Measurement purpose which includes any of FR1 and FR2 measurements includes also RSTD, UE Rx-Tx, and PRS-RSRP measurements.


2.2 Aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in NW B, including On-demand SI request 

Agreements:

Regarding scenario 3, RAN4 has not reached conclusions 

Issue 3-1: Gap pattern for on-demand SI  

· Option 1: Legacy gap pattern, such as #25 can be used for this scenario. 
· Option 2: Multiple short aperiodic gaps for each Msg1, Msg2, (Msg3, Msg4) transmission/reception or their combinations 
· Option 3: Single aperiodic gap with a long MGL

· Option 4: Multiple long aperiodic gaps e.g. for RACH (>140 ms), RNAU ( > 2000 ms), etc. with the MGL (ms) = 80, 160, …., 2560, 5120 

· Option 5: autonomous gaps
· Option 6: Other options

At previous RAN4’s reply indicated there is no conclusions for this topic. In this contribution we try to provide further reply. 
In scenarios 3, we consider the gap requirement for aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state (e.g. no RRC connection Resume/Setup) at network B, including On-demand SI request. Hence, we would like to evaluate the duration for the aperiodic (one-shot) switching. Figure 1 provides an example control plane flow for On-demand SI request.
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Figure 1 On-demand SI Request (example for CP latency) 

At section 5.7.2 of [6], for NR Rel-15, control plane latency is evaluated from RRC_INACTIVE state to RRC_CONNECTED state. It is observed that NR fulfills the control plane latency requirement of 20ms in a wide range of configurations. Comparing with RRC resume procedure, On-demand SI request needs less steps, such as receiving RRC Resume message and transiting RRC Resume Complete message. We can observe that the Control plan latency of On-demand SI request is likely under 20ms.

Observation 1: For aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in Network B, the duration is likely no more than 20ms. 

Proposal 5: For Issue 3-1: Gap pattern for on-demand SI, use option 3 with MGL = 20ms, i.e., Single aperiodic gap with 20 ms MGL  

3. Conclusions

In this contribution, we further discussed the scenario and questions listed in [1] and have the following observation and proposals:

Observation 1: For aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in Network B, the duration is likely no more than 20ms. 

Proposal 1: For the scenario when the time distance between the SSB for AGC and paging reception is small, one solution is to use legacy gap with large MGL. 

Proposal 2: In order to allow gap pattern 24 and 25 can be used for MUSIM purpose, clarifications at NOTE 6 in Table 9.1.2-2 and NOTE 8 in Table 9.1.2-3 from TS38.133 should be added. 

Proposal 3: For issue 1-1. only consider 6, 10 and 20ms as the candidate MGL set for new gap patterns. 

Proposal 4: Add the following new gap patterns to Table 9.1.2-1 of TS38.133.
Proposal 5: For Issue 3-1: Gap pattern for on-demand SI, use option 3 with MGL = 20ms, i.e., Single aperiodic gap with 20 ms MGL  
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Attachments:
-
1
Overall description

RAN4 would like to thank RAN2 for the LS on gap handling for MUSIM. RAN4 discussed questions in the LS and have the following conclusions:

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 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;

· Regarding scenario 3, RAN4 has further study and the following conclusions: Single aperiodic gap or legacy gap pattern, such as #25 can be used for this scenario
2
Actions

To RAN WG2

ACTION: 
RAN4 respectfully asks RAN2 to take the above RAN4 conclusions into account in their future work. 

3
Dates of next TSG-RAN WG4 meetings

TSG-RAN4 Meeting #102-e
21 Feb.  – 03 March, 2022, Electronic Meeting

TSG-RAN4 Meeting #103-e
16 May.  – 27 May, 2022, Electronic Meeting
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