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Introduction
RANP #94e concluded that RAN4 needs to specify measurement gap patterns and applicability of existing measurement gaps for MUSIM in Rel-17. The exact added objective in the revised WID from RANP #94e is captured in the below box.
	Specify that existing gap patterns in TS 38.133 can be applicable for MUSIM and also define new gap patterns for MUSIM [RAN4]


RAN2 sent an LS in [1] regarding MUSIM topics to ask RAN4 for suggestions on the gap patterns and mechanisms in order to support MUSIM operations. The LS contents are copied as in the below boxes.
	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. 
· [bookmark: _Hlk85639706]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.


Together with the above agreements, RAN2 asks RAN4 the following questions:
	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:
1. 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?
1. 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?
1. 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?


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RAN4 replied the above LS in [2], and the main agreements are capture in the below box.
	· 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.
· Regarding scenario 2, RAN4 concludes that an aperiodic gap pattern can fulfill the task of MIB/SIB1 reading. In addition, legacy gap patterns can fulfill this task but RAN4 has not studied how efficient it would be. A UE may require multiple attempts to read MIB/SIB1when using an aperiodic gap. For efficiency purpose, a legacy gap pattern configured for MIB/SIB1 reading can be released after successfully decoding SIB1 information.
· Regarding scenario 3, RAN4 has not reached conclusions.



In this paper we discuss the remaining issues which are related to measurement gap patterns for MIB/SIB readings and on-demand SI requests. It is proposed that by introducing new gap patterns which are dedicated to MUSIM UEs, MIB/SIB readings and on-demand SI requests can be carried out during the measurement gaps to avoid data loss to the system.
Discussion
Background 
The feature of the MUSIM operations enables the UE to stay connected in network A while trying to maintain the RRM status in network B at the same time. The design from RAN2 is to use measurement gaps to enable the UE measurements on network B when staying connected in network A, during measurement gaps. RAN2 has identified mainly 3 scenarios for this design in Rel-17 as follows:
	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;


Regarding scenario 1, it is straightforward that the UE makes use of the measurement gaps to carry out measurements on network B to maintain the RRM status while connecting to network A. All operations including SSB detection, serving/neighbour cell measurements and reception of paging are coped well with the existing measurement gap framework but there is one thing that is required as the prerequisite: system information of the cell the UE camps on at network B. 
In the sense that the system information to the cell in the network B is necessary to all the periodic switching operations, we have to come to scenario 2 first. For scenario 2, the UE needs to receive SIBs of network B cell in order to acquire the system information it needs to correctly carry out RRM measurements on network B in idle mode. However as we all know, the SIBs are scheduled with possibly more slots than any of the existing gap pattern can cope with. This means that the existing gap patterns and even the specified framework are not fit for scenario 2. We need to introduce new gap patterns for UE to efficiently carry out MIB/SIB readings at network B.
Scenario 3 implies the operation of a one-shot switching to network B, in our opinion similar to scenario 2, requiring the UE to carry out on-demand SI request based on either MSG 1/MSG 2 or MSG 3/MSG 4, which all require the UE to transmit and receive. Plus, it also needs to read the SIBs after the demand is met by the network and SIBs are scheduled.
Observation 1: Existing measurement gap patterns and mechanisms do not cope well with system information acquisition.
Acquisition of system information at network B
As mentioned above, acquiring system information is the prerequisite for almost all operations. But the problem is that the possible window lengths for SIB scheduling are too long for legacy measurement gaps. The below tables capture the RAN2 spec and interpretation on this matter.
In RAN2 LS:
	· 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. 


In TS 38.331:
	5.2.2.3.2 Acquisition of an SI message
For SI message acquisition PDCCH monitoring occasion(s) are determined according to
searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring
occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1 where the
mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213[13]. If
searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined
based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message
which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are
sequentially numbered from one in the SI window. 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). The actual transmitted SSBs are sequentially numbered from one in ascending
order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least
one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception
SI messages is up to UE implementation.


By the below illustration, it is easier for us to understand the above text from RAN2 spec about the PDCCH monitoring for SI scheduling and we can observe that the same SIB-s are scheduled repeatedly in two dimensions: 1) across SI periodicities and 2) among different SSB-s within one SI window.


Figure 1 SIB-s scheduling
As shown in the above figure, all the PDCCH occasions for SIB scheduling are categorized into groups and each group corresponds to a certain SSB, within one specific SI window. The UE chooses one of the SSB-s and its corresponding PDCCH occasion (mapping between SSB and the PDCCH occasion is according to the network configuration) by UE implementation to receive the scheduled SIB-s. This means that the SIB-s are repeatedly scheduled within the SI window so that the UE can choose any one of them by the corresponding SSB.
Thus, we don’t need a gap pattern that is as lengthy as the actual SI window (length can be up to 1280ms). Instead, we just need the gap pattern to have a length of at most the SSB periodicity. Further since that the network knows exactly where the gaps and SIB-s are scheduled, it is rather easy to guarantee that the UE will read all the SIB-s it needs within one gap which has a reasonable MGL--say 20ms. Apparently, existing measurement gaps cannot meet the need even for 20ms MGL. To be accurate, any SI window length that is longer than 6ms cannot be coped with well since the longest existing MGL is 6ms for SSB-based measurements.
Another aspect is the SI periodicity which can be up to 5120ms according to RAN2 spec. System information is usually static. Once the UE reads it, it is highly likely that the UE will not read it again within quite a period of time in case nothing special happens. That is to say we do not need to use measurement gaps which has less periodicity than 5120ms since any possible candidate SI periodicity is a divisor to 5120.
Proposal 1: Introduce new gap patterns for MUSIM in Rel-17 with longer MGL and MGRP for the UE to correctly read the SIB-s at network B and it avoids data loss at network A; the introduced new gap patterns are with the combination of MGL and MGRP of (20ms, 5120ms), (40ms, 5120ms), (80ms, 5120ms) and (160ms, 5120ms).
Proposal 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.
Speaking of on-demand SI, it is predicted that the control plane delay should not exceed 160ms. This means that the gap patterns we introduce for SIB reading can also be applied for on-demand SI.
Proposal 3: The new gap patterns we introduce for SIB acquisitions also apply to on-demand SI; and RAN4 replies to RAN2 in an LS to inform that the new gap patterns apply to both SIB acquisitions and on-demand SI operations.
Another alternative for SIB acquisition and on-demand SI is to use autonomous gaps and DRX based operations. In the legacy releases, autonomous gaps and DRX based MIB/SIB acquisitions were introduced for CGI reading. the existing mechanisms and requirements can be perfectly applied to SIB acquisitions and on-demand SI operations under MUSIM feature.
Proposal 4: Apply the mechanisms and requirements of autonomous gaps and DRX based operations specified for CGI reading to MUSIM SIB acquisitions and on-demand SI operations.
Reply to RAN2
Coming back to the RAN2 LS, the questions can be further answered after the above analysis. The answers can be generated as in the following paragraphs.

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?

Answer: In addition to using the existing measurement gaps, RAN4 agrees to introduce new gap patterns with MGL and MGRP of (20ms, 5120ms), (40ms, 5120ms), (80ms, 5120ms) and (160ms, 5120ms). 
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 guarantees 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. 
The new gap patterns we introduce for SIB acquisitions also apply to on-demand SI; and RAN4 replies to RAN2 in an LS to inform that the new gap patterns apply to both SIB acquisitions and on-demand SI operations.

Thus, we propose to reply to RAN2 as in the above shown answers.
Conclusions
In this paper we discuss the remaining issues which are related to measurement gap patterns for MIB/SIB readings and on-demand SI requests. It is proposed that by introducing new gap patterns which are dedicated to MUSIM UEs, MIB/SIB readings and on-demand SI requests can be carried out during the measurement gaps to avoid data loss to the system.
Observation 1: Existing measurement gap patterns and mechanisms do not cope well with system information acquisition.
Proposal 1: Introduce new gap patterns for MUSIM in Rel-17 with longer MGL and MGRP for the UE to correctly read the SIB-s at network B and it avoids data loss at network A; the introduced new gap patterns are with the combination of MGL and MGRP of (20ms, 5120ms), (40ms, 5120ms), (80ms, 5120ms) and (160ms, 5120ms).
Proposal 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.
Proposal 3: The new gap patterns we introduce for SIB acquisitions also apply to on-demand SI; and RAN4 replies to RAN2 in an LS to inform that the new gap patterns apply to both SIB acquisitions and on-demand SI operations.
Proposal 4: Apply the mechanisms and requirements of autonomous gaps and DRX based operations specified for CGI reading to MUSIM SIB acquisitions and on-demand SI operations.
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