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1. Introduction

At RAN2 115 meeting, one LS [1] regarding on measurement gap configuration for MUSIM WID [4] was sent to RAN4. The main content of the LS are copied below of reference: 

RAN2 has discussed the mechanism for a UE to notify Network A of its switch from Network A to Network B for MUSIM purpose. Network A is NR and Network B can either be LTE or NR. During the switching from the Network A, the UE can still be RRC connected state in Network A. 
The following scenarios and gap mechanism were agreed by RAN2.
	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;

· Only per UE level scheduling gap is supported in Rel-17 for non-DC. FFS if we support MR-DC. 

· Do not support autonomous gaps for MUSIM in Rel-17.
Gap configuration and activation

· The network is allowed to configure at most 3 gap patterns (for any MUSIM purpose). 

· Only a single aperiodic gap (for MUSIM) is supported in Rel-17. At most two periodic “gaps” (for MUSIM) and a single aperiodic gap (for MUSIM) is supported in Rel-17. FFS if signalling supports more.

· The SFN and subframe of the PCell of the network A is used in the gap configuration to calculate the gap

Periodic/Aperiodic/autonomous Gap configuration and activation

· The switching gap configuration will explicitly provide the gap starting position (e.g. offset value or start SFN and subframe explicitly), gap length and gap repetition period.

· Switching Gaps (of any type) are configured or released by RRC signalling (e.g. RRCReconfiguration message) in Rel-17. FFS if gap can be released autonomously by UE after N repetitions.

Gap configuration assistance information
· UE is allowed to include assistance information for setup or release of gaps for both 1) periodic gaps and 2) aperiodic gap in one UEAssistanceInformation Msg. 

· To report the assistance information, the UE maps the timing info of the Gap on the network B  to the network A and reports the mapped timing info to the network A.

· For the gap assistance information, the Gap start time, Duration of the gap and gap repetition period (for periodic) may be included. FFS is other information is included (e.g. gap purpose). 


For the above Scenario 1 and Scenario 2:

· In Network B, System Information is needed for paging reception, serving cell measurement, neighbouring cell measurements including intra-frequency, inter-frequency and inter-RAT measurements. 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.

Note: SSB detection is only needed for NR network. 
For the above Scenario 3:

· Only applied when network B belongs to NR, UE can request the on-demand SIs based on RACH procedure. For MSG1 based on-demand SI procedure, only MSG1 and MSG2 transmission and reception are needed. For MSG3 based on-demand SI procedure, all MSG1-MSG4 transmission and reception are needed.

RAN2 assumes that at most three MUSIM gap patterns can be configured at the same time to receive and transmit in Network B. 

RAN2 will continue to discuss the detailed MUSIM gap handling, e.g., gap pattern (exact value for offset, gap cycle and duration), in part based on the RAN4 feedback requested below, and continue to inform RAN4 on these.

ACTION:  RAN2 kindly asks RAN4 to answer the questions below.

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:

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?

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 addition, the following agreements related to gap configuration were achieved at RAN2#115-e meeting:

Agreements

Scenarios and supported gap types

1
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, neighboring 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;

2
For switching without leaving connected state at network A, support gap types 2a (Normal periodic gap) and 2b (Normal aperiodic gap) in Rel-17. 

3
Only per UE level scheduling gap is supported in Rel-17 for non-DC. FFS if we support MR-DC.

The scenarios will only be used for deriving RRC parameters. No need to capture them in e.g. Stage-2.

Gap configuration and activation

5
The network is allowed to configure at most 3 gap patterns (for any MUSIM purpose). 

6
Only a single aperiodic gap (for MUSIM) is supported in Rel-17. At most two periodic “gaps” (for MUSIM) and a single aperiodic gap (for MUSIM) is supported in Rel-17. FFS if signalling supports more.

7  
The SFN and subframe of the PCell of the network A is used in the gap configuration to calculate the gap.

Periodic/Aperiodic/autonomous Gap configuration and activation

8:  The switching gap configuration will explicitly provide the gap starting position (e.g. offset value or start SFN and subframe explicitly), gap length and gap repetition period.

10:  Switching Gaps (of any type) are configured or released by RRC signalling (e.g. RRCReconfiguration message) in Rel-17. FFS if gap can be released autonomously by UE after N repetitions.

Gap configuration assistance information

16 
UE is allowed to include assistance information for setup or release of gaps for both 1) periodic gaps and 2) aperiodic gap in one UEAssistanceInformation Msg. 

18  To report the assistance information, the UE maps the timing info of the Gap on the network B to the network A and reports the mapped timing info to the network A.

20  For the gap assistance information, the Gap start time, Duration of the gap and gap repetition period (for periodic) may be included. FFS is other information is included (e.g. gap purpose). 

· Do not support autonomous gaps for MUSIM in Rel-17.

In this contribution we provide our analysis on gap configuration for MUSIM and answers for LS from RAN2.

2. Discussion

We will discuss the gap configuration for aforementioned three scenarios for MUSIM purpose. 

2.1 Scenarios 1: Periodic switching

In Scenarios 1, UE performs periodic switching to Network B, executes activities including SSB detection/paging reception, serving cell measurement, neighboring cell measurement including intra-frequency, inter-frequency and inter-RAT measurement etc. 
SSB Detection+Paging reception+ Neighboring cell measurements

Under this scenario, a UE has serving cell, neighbor cell measurement and paging reception on Network B. Depending on SNR situation, a UE may measure one or a few SSBs for pre-synchronization before paging reception as illustrated in figure 1. From network A point of view, the serving cell and neighbour cell measurement on network B do not have any difference, i.e., they can be viewed as inter-frequency NR measurements (network B is NR) or inter-RAT measurement (network B is LTE). Using network B is a NR network as an example, the measurement on network B serving and neighbor cell is similar to the inter frequency measurement of network A from network A point of view unless a measurement gap must be allocated, i.e., impossible to support advanced feature such as inter frequency measurement without measurement gap feature under this scenario. Therefore one measurement gap configuration is sufficient to cover network B serving and neighbour cell measurements.  

Regarding paging reception, if the time distance between PO and SSB is short enough, one periodic gap may be enough for both paging reception and measurements. However, the time distance between PO and SSB is randomly distributed in the range of SSB period, which is {5, 10, 20,40,80, 160} ms. Therefore, using one gap to cover both measurements is usually infeasible considering typical measurement gap length such as 6ms. The solution could be 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 whereas the mechanism of multiple gap configurations is discussed under measurement gap enhancement WI of Rel-17. The solution is illustrated at figure 2.  
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Figure 1  SSB Detection + Paging reception + Neighbor cell measurements
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Figure 2 Periodic Gaps for SSB Detection+Paging reception+ Neighboring cell measurements 
Proposal 1: One solution for scenario 1 is to use two periodic gaps, one for paging reception, another for serving and neighbour cell (if necessary) measurements.

Gap pattern for scenario 1

· paging reception

The gap length for paging reception mainly depends on the duration for each Paging reception. Each PO includes no more than SSB number of PDCCH monitoring occasions. pagingSearchSpace configures the PDCCH monitoring occasions for paging. We take the pagingSearchSpace configuration for paging in the real field as an example: 

· monitoringSlotPeriodicityAndOffset: 1 slot;

· monitoringSymbolsWithinSlot: 10000000 000000; 
· Number of Symbols: 1 OFDM symbol

Figure 3 is an illustration of PDCCH monitoring occasions for paging based on above pagingSearchSpace configuration. In the example, SCS = 30KHz, the number of slots in radio frame are assumed to be 20, SSB number is 8. Then, the duration of PO is 4ms. Usually the paging message is transmitted in the same subframe with PO.
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Figure 3 Paging reception

As observed in the above example, the duration for each Paging reception is 4ms. Furthermore, UE receives paging in each DRX Cycle, which is in range of {320,640,1280,2560} ms, the typical DRX cycle in real field is 1280ms. Based on these values it can be deduced that legacy measurement gap pattern is applicable for PO reception, for example using gap pattern #5 where measurement gap length is 6ms (>4ms)and the gap repetition period(MGRP) is 160ms, which can cover the DRX cycle{320,640,1280,2560}ms. However, the measurement gap repetition period of 160ms does not fully mach with the DRX cycle, of which some gap occurrences may be wasted. For better gap efficiency, exact matched measurement gap repetition period of {320,640,1280,2560}ms can be provided. Hence, we propose to further discuss to induce new measurement gap pattern supporting measurement gap repetition period {320,640,1280,2560}ms for paging reception. It should be noted that based on the current specification theoretically the paging occasion length could much longer than the MGL of legacy gap pattern, under this scenario even extending the MGL will not fully solve this issue since apparently the MGL cannot be extended without any limitation, for example the MGL need consider the throughput loss caused by gap on network A. For this scenario, it is better to still use the legacy gap pattern as a best effort solution. 

Observation 1: The legacy gap patterns are sufficient to fulfill the paging reception task, for example using legacy gap pattern 5. 

Proposal 2: For better efficiency on gap utilization, for paging occasion reception, new gap patterns which can support gap repetition period {320,640,1280,2560}ms could be considered. The MGL of these new introduced gap patterns can be 6ms, other MGL value could be FFS

· SSB detection

As shown in Figure 1, UE will measure 1 or a few SSBs for pre-synchronization. As analysed above, legacy Rel-15 measurement gap is applicable for SSB detection on Network B.

Observation 2: For serving and neighbour cell measurement on network B, legacy Rel-15 gap pattern is sufficient to fulfil this task.

2.2 Scenarios 2: SI receiving at Network B

For scenario 2 firstly we consider MIB and SIB1 reading of the Network B.

The delay and interruption requirements of CGI identification of an NR cell with autonomous gaps has been defined introduced in Rel-16. When reading MIB/SIB1 of the network B, the performance (either the total time for detection or the gap length and number) could be based on MIB/SIB1 detection requirements in CGI identification with autonomous gaps.

The logicality of CGI identification with autonomous gaps requirements is that a useful sample is collected during an autonomous gap which is corresponding to one interruption in the interruption requirements. The total delay period depends on how many detections are sufficient to detect MIB/SIB1 with a particular reliability threshold. To answer the question from RAN2, the interruption length and interruption period needs be checked. 
The delay and interruption requirements in [2] are copied below:


Tidentify_CGI = (TMIB + T SIB1) ms

Where:


TMIB is the time period used to acquire MIB message. TMIB = 6 * TSMTC ms for target cell carrier frequency on FR1 and TMIB = 25 * TSMTC ms for target cell carrier frequency on FR2.


TSIB1 is the time period used to acquire SIB1 message. TSIB1 = 6 * TRMSI-scheduling ms.


Where TRMSI-scheduling is the periodicity with which the SIB1 is actually transmitted by the NR target cell.
When a UE is identifying CGI of an NR cell with autonomous gaps, the UE is allowed interruptions on PCell or any activated SCell:

-
with up to K1 interruptions with interrupted slots up to interruption length X1 specified in Table 8.2.2.2.14-1 for each interruption during MIB decoding time period TMIB (ms) specified in clause 9.11.

-
with up to L1 interruptions with interrupted slots up to interruption length Y1 specified in Table 8.2.2.2.14-1 during SIB1 decoding time period TSIB1 (ms) specified in clause 9.11 for SSB and CORESET for RMSI scheduling multiplexing patterns 1.

-
with up to L2 interruptions with interrupted slots up to interruption length Y2 specified in Table 8.2.2.2.14-1 during SIB1 decoding time period TSIB1 (ms) specified in clause 9.11 for SSB and CORESET for RMSI scheduling multiplexing patterns 2 and 3.

Where:

-
K1 = 6 for the target cell carrier frequency on FR1 and K1 = 25 for the target cell carrier frequency on FR2, and

-
L1 = TSIB1/20, and

-
L2 = TSIB1/TSMTC, where TSMTC is the periodicity of the SMTC occasion configured for the target cell carrier .

Table 8.2.2.2.14-1: Interruption length X1, Y1 and Y2 during measurements with autonomous gaps
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	NR Slot length (ms) of victim cell
	Interruption length X1 (slots)
	Interruption length Y1 (slots)
	Interruption length Y2 (slots)

	0
	1
	6
	7
	6

	1
	0.5
	12 
	13
	10

	2
	0.25
	24
	25
	19

	3
	0.125
	48 
	49
	37


From the interruption requirements, the gap length for reading MIB/SIB1 of the network B can be fully determined by X1,Y1 and Y2 which are 6ms, <=7ms and <=6ms for MIB, SIB1 multiplexing patterns 1 and SIB1 multiplexing patterns 2/3 respectively. When only considering gap pattern 0-23, the only issue is for SIB1 detection multiplexing patterns 1 where the 7ms when SCS is 15KHz exceeds the maximum 6ms MGL among gap pattern 0 -23. However we think the 6ms gap can still be used for this scenario with a loss of gap switch preparing time margin 0.5ms when SCS = 15 KHz. When the SCS is 30KHz or more, the loss on the RF retuning margin is less and less. Alternatively gap pattern 24 and 25 can be considered to be used for MIB/SIB1 reading of network B. 

Observation 3: For the scenario 2, legacy gap pattern 0-23 can fulfill the task of MIB/SIB1 reading. 

Proposal 3: For better performance for SIB1 with multiplexing patterns 1 reading, allowing gap pattern 24 or 25 for RRM measurement may be needed if gap for SIB1 reading cannot be reduced to 6ms 

Other SIBs

The scheduling information of other SIBs, e.g. SIB2/3/4/5, is configured in si-SchedulingInfo IE in SIB1. si-WindowLength tells that SIBs should be transmitted somewhere within the window length. UE acquires SI message, from the start of the SI-window and continue until the end of the SI-window, or until the SI message was received. SI window length is in range of {s5, s10, s20, s40, s80, s160, s320, s640, s1280} slots. Within the window, when and how many repetition the SI will be sent is up to NW configuration. For default association, SI window length should be same as SS burst set period. SS burst set period is one of {5, 10, 20, 40, 80, 160} ms. With MIB and SIB1 information, the UE has more implementation flexibility for other SIBs reading. In addition other SIBs are not essential for camping and it is not required to be detected within one reception, to avoid significant impact on Network A due to the long gap requirement, a UE may use the legacy gap pattern 0-23 to receive other SIBs with best effort. For better performance on the other SI reading, gap pattern 25 can be considered to be used for this case. 

Proposal 4: A UE can use the legacy gap pattern 0-23 to read SIBs other than SIB1 with best effort. For better performance, gap pattern 25 or 24 can be considered to be used for other SIBs reading case. 

2.3 Scenarios 3: Aperiodic (one-shot) switching 

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 4 provides an example control plane flow for On-demand SI request.
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Figure 4 On-demand SI Request (example for CP latency) 

At section 5.7.2 of [3], 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 4: 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. Legacy gap pattern 25 can be used for this scenario as a best effort solution. 

3. Conclusions

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

Observation 1: The legacy gap patterns are sufficient to fulfill the paging reception task, for example using legacy gap pattern 5. 

Observation 2: For serving and neighbour cell measurement on network B, legacy Rel-15 gap pattern is sufficient to fulfil this task.

Observation 3: For the scenario 2, legacy gap pattern 0-23 can fulfill the task of MIB/SIB1 reading. 

Observation 4: 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. Legacy gap pattern 25 can be used for this scenario as a best effort solution. 

Proposal 1: One solution for scenario 1 is to use two periodic gaps, one for paging reception, another for serving and neighbour cell (if necessary) measurements.

Proposal 2: For better efficiency on gap utilization, new measurement gap patterns which can support measurement gap repetition period {320,640,1280,2560}ms could be considered. The MGL of these new introduced gap patterns can be 6ms, other MGL value could be FFS

Proposal 3: For better performance for SIB1 with multiplexing patterns 1 reading, allowing gap pattern 24 or 25 for RRM measurement may be needed if gap for SIB1 reading cannot be reduced to 6ms.  

Proposal 4: A UE can use the legacy gap pattern 0-23 to read SIBs other than SIB1 with best effort. For better performance, gap pattern 25 or 24 can be considered to be used for other SIBs reading case. 
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Overall description

RAN4 thanks the LS from RAN2 on gap handling for MUSIM. During this RAN4 meeting, 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 1: Periodic switching, including SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT measurement, 

Regarding scenario 1, RAN4 concludes that the legacy gap patterns are sufficient to fulfill the paging reception task, for example using legacy gap pattern 5; For serving and neighbour cell measurement on network B, legacy Rel-15 gap pattern is sufficient to fulfil this task

RAN4 further identify for scenario 1 two periodic gaps could be configured concurrently, one for paging reception, another for serving and neighbour cell (if necessary) measurements

· Scenario 2: SI receiving at network B,

Regarding scenario 2, RAN4 concludes that legacy gap pattern 0-23 can fulfill the task of MIB/SIB1 reading. A UE can use the legacy gap pattern 0-23 to read other SIBs with best effort. 

· 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;

Regarding scenario 3, for aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in Network B, RAN4 observes that the switching duration is likely no more than 20ms. RAN4 further concludes that legacy gap pattern 25 can be used for this scenario. 

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’s answer to question 1 is positive and RAN4 further concludes for better efficiency on gap utilization, for paging reception, new gap patterns which can support gap repetition period {320,640,1280,2560}ms could be considered.  

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

Multiple active gaps has been studied under NR and MR-DC measurement gap enhancements at Rel-17 and the following combinations are confirmed to be supported by RAN4. For either per UE or per FR gaps, two periodic gaps are supported. 

	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	0
	0
	1
	Supported

	4
	1
	1
	0
	Supported

	5
	1
	0
	0
	Supported

	6
	0
	1
	0
	Supported


When two periodic per UE gaps are configured for MUSIM purpose. Based on current supported multiple scheme (index 2), measurements over network A will be impacted depending on gap sharing coefficient between network A and network B. In addition when two gaps are configured, the gap overhead could be more compared with when single gap is used.

2
Actions

To RAN WG2
ACTION: 
RAN4 respectfully asks RAN2 to take the above RAN4 conclusions into account in their future work. 
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