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1	Introduction
As per the RAN4 LS RP-212692, RAN#94e decided to add TUs for the RAN4 Rel-17 work MUSIM according to the following (as stated in RP-213622):
· There will be no additional RRM requirements for MUSIM in Rel-17 and that work is only done in Rel-18 (FFS under which WI, to be discussed in RAN#95e)
· For Rel-17, RAN4 is to make existing gap patterns (including patterns #24 and #25) in TS 38.133 applicable for MUSIM and to define new gap patterns for MUSIM as well (according to RAN2 progress).
· 0.25 TUs are added to RAN4#101bis-e and RAN4#102-e for MUSIM work
· Revised WI with the above was approved in RP-213679
In this document, we discuss what (and how) to add the required MUSIM information to TS38.133. 
2	MUSIM gaps in Rel-17 
2.1	Terminology and basic principles of Rel-17 MUSIM
To ensure clarity, we first define some terminology used throughout this document:
· NW A and NW B: When using MUSIM, UE is operating under "network A (NW A)" and the "other network" UE is listening to is called "network B (NW B)".
· MUSIM network switching gaps (NSG) are gaps utilized at NW A for UE to listen to the NW B. They are configured by NW A according to assistance information from UE (i.e. NW A gets the information on when UE requests to receive NW B from the UE).
· MUSIM NSG are configured by the network and UE follows the configuration (as with all other measurement gaps). It's up to network (A) whether to allow UE to use NSG or not.
· Up to 2 periodic NSG (P-NSG) and 1 aperiodic NSG (A-NSG) are supported in Rel-17. Periodic gaps are considered to be used for SSB measurements, SI reception, and paging reception, and aperiodic gap are considered to be used for responding to NW B paging or for doing RNAU/TAU to NW B. When aperiodic gaps are used, UE is not receiving anything from NW A but will return to NW A at the end of the periodic gap (similarly to SI reading process).
Observation 1: The periodic MUSIM gaps are used sequentially: First UE receives SSB, and only then SI/paging. Each purpose may require a different gap periodicity.
Observation 2: When UE uses aperiodic gaps, the UE operation in NW A is suspended. Thus, periodic and aperiodic gaps are never used simultaneously, and UE can be configured with at most 2 NSG gap patterns for MUSIM.
The process of using MUSIM gaps is exemplified in Figure 1 below.

[image: ]
Figure 1. Usage of P-NSG and A-NSG
2.2	RAN4 requirement text for MUSIM
According to RAN#94e decisions, all existing gap patterns in TS38.133 sub-clause 9.1.2 are to be supported for MUSIM NSG use. This means that UE supporting MUSIM shall also support all the gap patterns defined in table 9.1.2-1. Additionally, RAN2 has agreed that the signalling of the NSG is done so that both the MGL and MGRP are signalled explicitly, which means that the "gap pattern id" from table 9.1.2-1 is not needed in any signalling (and is anyway not used even currently in TS38.331, as MGL and MGRP are explicitly signalled, see Annex A). Further, RAN2 (or RAN4) may also define additional MGL or MGRP if seen necessary. For example, paging periodicity can be 320, 640, 1280 or 2560 ms according to TS38.331 (see annex A), but existing MGRPs do not allow such long MGRP, so those MGRP values should be allowed for P-NSG. Similarly, since the A-NSG is a "one-shot" pattern not necessarily requiring repetition period, it may require longer MGL than currently defined (as has already defined for gap patterns #24 and #25 in Rel-16 which was agreed can also be used for MUSIM NSG, see Annex A). Therefore, RAN4 can either refer to RAN2 specifications or explicitly define the supported MGL/MGRP for MUSIM purposes in TS38.133.
Observation 3: As per RAN#94e decision, UE supporting MUSIM shall support all gap patterns defined currently in TS38.133 Table 9.1.2-1. 
Proposal 1: New MGL (>6ms) and MGRP (>160ms) will be needed for at least for paging reception and NW B communication.
Proposal 2: Define in TS38.133 that UE supporting MUSIM NSG shall support all gap patterns defined in table 9.1.2-1
Proposal 3: The UE shall determine the MUSIM NSG patterns based on NW A timing (similarly as for existing measurement gaps).
Next, since UE can now be configured with per-UE measurement gaps for NW A (i.e. "regular" measurement gaps) and NSG for NW B, what are the requirements for each case? As per the RAN#94e decision, we understand that RAN4 shall not work on any additional RRM requirements for MUSIM during Rel-17. This work will only be done during Rel-18. 
Proposal 4: Capture in TS38.133 that additional RRM requirements for MUSIM are not defined in the Rel-17 version of specification.
Similarly, we assume that since RAN4 will do no additional RRM requirements work for MUSIM in Rel-17, the existing UE RRM measurement requirements applies for the UE while in NW A even when UE is configured with P-NSG. 
Since it may also happen that UE has "regular" measurement gaps for NW A and NSG for NW B, RAN4 has to consider what to do if the gap patterns overlap (fully or partially). Given that RAN4 shall not define such requirements in Rel-17, we would propose to adopt the assumption that the existing requirements defined in Rel-17 apply such that based on Proposal 4 RAN4 only define for the case when MUSIM NSG and measurement gaps are fully non-overlapping. Hence, in this scenario UE measurement requirements in NW A during P-NSG follow the measurement requirements as already captured in TS38.133 clause 9. 
In case the NW A and NW B gaps overlap (fully or partially), RAN4 will not define any requirements for NW A or NW B in Rel-17. The discussions can be continued in Rel-18 (which is also consistent with the RAN#94e decision). 
Observation 4: Discussion on the case when P-NSG and per-UE gap overlap should be postponed to Rel-18.
Proposal 5: Capture in TS38.133 that the UE measurement requirements in NW A during P-NSG follow the measurement requirements as already captured in TS38.133 clause 9.
Proposal 6: Capture in TS38.133 that the measurement requirements for NW A and NW B measurements are not defined if the NSG overlap with NW A per-UE measurement gaps. 
Our understanding is that when UE is in NW B the UE is not available in NW-A and UE is not required to communicate with NW A (similarly as has been done for per-UE measurement gaps in sub-clause 9.1.2 already).
Proposal 7: Capture in TS38.133 that UE is not required to communicate with any NW A serving cells while using A-NSG towards NW B.
We have provided a CR illustrating an example of how these proposals can be captured in Appendix B and in R4-220xxxx.
3	Conclusion
This document has made the following observations:
Observation 1: The periodic MUSIM gaps are used sequentially: First UE receives SSB, and only then SI/paging. Each purpose may require a different gap periodicity.
Observation 2: When UE uses aperiodic gaps, the UE operation in NW A is suspended. Thus, periodic and aperiodic gaps are never used simultaneously, and UE can be configured with at most 2 NSG gap patterns for MUSIM.
Observation 3: As per RAN#94e decision, UE supporting MUSIM shall support all gap patterns defined currently in TS38.133 Table 9.1.2-1.
Observation 4: Discussion on the case when P-NSG and per-UE gap overlap should be postponed to Rel-18.
And proposed the following:
Proposal 1: New MGL (>6ms) and MGRP (>160ms) will be needed for at least for paging reception and NW B communication.
Proposal 1: Define in TS38.133 that UE supporting MUSIM shall support all gap patterns defined in table 9.1.2-1.
Proposal 2: Capture in TS38.133 that the requirements for UE measurements in NW B during P-NSG and A-NSG are not defined in the Rel-17 version of specification.
Proposal 3: The UE shall determine the MUSIM NSG patterns based on NW A timing (similarly as for existing measurement gaps).
Proposal 4: Capture in TS38.133 that additional RRM requirements for MUSIM are not defined in the Rel-17 version of specification.
Proposal 5: Capture in TS38.133 that the UE measurement requirements in NW A during P-NSG follow the measurement requirements as already captured in TS38.133 clause 9.
Proposal 6: Capture in TS38.133 that the measurement requirements for NW A and NW B measurements are not defined if the NSG overlap with NW A per-UE measurement gaps. 
Proposal 7: Capture in TS38.133 that UE is not required to communicate with any NW A serving cells while using A-NSG towards NW B.
We have provided a CR illustrating an example of how these proposals can be captured in Appendix B and in R4-2201699.







Annex A: Excerpt from TS38.331
Paging cycle definition for RRC_INACTIVE and RRC_IDLE:
PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}

SuspendConfig ::=                   SEQUENCE {
    fullI-RNTI                          I-RNTI-Value,
    shortI-RNTI                         ShortI-RNTI-Value,
    ran-PagingCycle                     PagingCycle,
	ran-PagingCycle
Refers to the UE specific cycle for RAN-initiated paging. Value rf32 corresponds to 32 radio frames, value rf64 corresponds to 64 radio frames and so on.



PCCH-Config ::=             SEQUENCE {
    defaultPagingCycle                  PagingCycle,
	defaultPagingCycle
Default paging cycle, used to derive 'T' in TS 38.304 [20]. Value rf32 corresponds to 32 radio frames, value rf64 corresponds to 64 radio frames and so on.



Measurement gap configuration:
[bookmark: _Toc60777253][bookmark: _Toc83740208]–	MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.
MeasGapConfig information element
-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]]

}

GapConfig ::=                       SEQUENCE {
    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]]
}

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP

	MeasGapConfig field descriptions

	gapFR1
Indicates measurement gap configuration that applies to FR1 only. In (NG)EN-DC, gapFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 measurement gap). In NE-DC, gapFR1 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR1 gap). In NR-DC, gapFR1 can only be set up in the measConfig associated with MCG. gapFR1 can not be configured together with gapUE. The applicability of the FR1 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapFR2
Indicates measurement gap configuration applies to FR2 only. In (NG)EN-DC or NE-DC, gapFR2 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR2 gap). In NR-DC, gapFR2 can only be set up in the measConfig associated with MCG. gapFR2 cannot be configured together with gapUE. The applicability of the FR2 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapUE
Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2). In (NG)EN-DC, gapUE cannot be set up by NR RRC (i.e. only LTE RRC can configure per UE measurement gap). In NE-DC, gapUE can only be set up by NR RRC (i.e. LTE RRC cannot configure per UE gap). In NR-DC, gapUE can only be set up in the measConfig associated with MCG. If gapUE is configured, then neither gapFR1 nor gapFR2 can be configured. The applicability of the per UE measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapOffset
Value gapOffset is the gap offset of the gap pattern with MGRP indicated in the field mgrp. The value range is from 0 to mgrp-1.

	mgl
Value mgl is the measurement gap length in ms of the measurement gap. The measurement gap length is according to in Table 9.1.2-1 in TS 38.133 [14]. Value ms1dot5 corresponds to 1.5 ms, ms3 corresponds to 3 ms and so on. If mgl-r16 is present, UE shall ignore the mgl (without suffix).

	mgrp
Value mgrp is measurement gap repetition period in (ms) of the measurement gap. The measurement gap repetition period is according to Table 9.1.2-1 in TS 38.133 [14].

	mgta
Value mgta is the measurement gap timing advance in ms. The applicability of the measurement gap timing advance is according to clause 9.1.2 of TS 38.133 [14]. Value ms0 corresponds to 0 ms, ms0dot25 corresponds to 0.25 ms and ms0dot5 corresponds to 0.5 ms. For FR2, the network only configures 0 ms and 0.25 ms. 

	refFR2ServCellAsyncCA
Indicates the FR2 serving cell identifier whose SFN and subframe is used for FR2 gap calculation for this gap pattern with asynchronous CA involving FR2 carrier(s).

	refServCellIndicator
Indicates the serving cell whose SFN and subframe are used for gap calculation for this gap pattern. Value pCell corresponds to the PCell, pSCell corresponds to the PSCell, and mcg-FR2 corresponds to a serving cell on FR2 frequency in MCG.



	Conditional Presence
	Explanation

	AsyncCA
	This field is mandatory present when configuring FR2 gap pattern to UE in:
- (NG)EN-DC or NR SA with asynchronous CA involving FR2 carrier(s);
- NE-DC or NR-DC with asynchronous CA involving FR2 carrier(s), if the field refServCellIndicator is set to mcg-FR2.
In case the gap pattern to UE in NE-DC and NR-DC is already configured and the serving cell used for the gap calculation corresponds to a serving cell on FR2 frequency in MCG, then the field is optionally present, need M. Otherwise, it is absent, Need R.

	NEDCorNRDC
	This field is mandatory present when configuring gap pattern to UE in NE-DC or NR-DC. In case the gap pattern to UE in NE-DC and NR-DC is already configured, then the field is absent, need M. Otherwise, it is absent.

	PRS
	This field is optionally present, Need R, when configuring gap pattern to UE for measurements of DL-PRS configured via LPP (TS 37.355 [49]). Otherwise, it is absent.




Annex B: CR TP

First Modified Subclause
9.1.2.X	MUSIM Network switching gaps 
UEs shall support all of the measurement gap patterns listed in Table 9.1.2-1 for MUSIM network switching gaps (NSG). UE determines NSG timing based on gap offset configuration and measurement gap timing advance configuration provided by higher layer signalling as specified in TS 38.331 [2]. UE may be configured with periodic NSG (P-NSG) or aperiodic NSG (A-NSG).
During the A-NSG the UE:
-	is not required to conduct reception/transmission from/to the corresponding E-UTRAN or NR serving cells, including PCell, PSCell and any configured SCells(s)
During the P-NSG that is not overlapping with NW A measurements, the UE:
-	is required to conduct serving and neighbour cell measurements in NW B. There are no UE measurement requirements defined for that in this version of specification. 
During the P-NSG that is overlapping with NW A measurements, the UE:
-	is required to conduct serving and neighbour cell measurements in NW A according to UE measurement requirements defined in 9.
In this version of specification, the UE behaviour for NW B measurements during MUSIM network switching gaps is not explicitly specified. 

End of Changes
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