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Introduction
RAN4 continued discussing requirements for Rel-17 MUSIM gaps in RAN4#104-bis-e. The latest agreements and open issues were captured in a WF [1].
In this paper, we provide our proposals for defining requirements for MUSIM gaps.
Discussion
 General
In RAN4#104-bis-e, there were some clarifications about the scope of the Rel-17 MUSIM objective in the Rel-18 NR_DualTxRx_MUSIM WI and about the work timeline in RAN4 [1].
Issue 1-1-1: Clarification on the scope of Rel-17 legacy gap
Agreements:
· The scope of Rel-17 legacy gaps includes gaps configured via GapConfig or via GapConfig-r17 but without preConfigInd-r17 or ncsgInd-r17, and Pre-MG and NCSG. 
· Focus on the collision between MUSIMG gaps and gaps configured via GapConfig or via GapConfig-r17 but without preConfigInd-r17 or ncsgInd-r17 in the first stage.
· Investigation on collision between MUSIM gaps and Pre-MG or NCSG will start after the study of Pre-MG/NCSG concurrent with legacy gaps in the Rel-18 feMG WI is stable; related conclusions from Rel-18 feMG WI should be re-checked for the collision handling between MUSIM gaps and pre-MG/NCSG.
· The terminology agreed in Rel-18 FeMG will be re-checked in MUSIM gaps and no impact on scenarios and specification.

It is understood then that Rel-17 MUSIM objective includes all measurement gaps configured via GapConfig and GapConfig-r17. RAN4 will start discussing requirements for collisions between MUSIM gaps and with measurement gaps other than pre-configured MG and NCSG. For collisions involving the latter two, RAN4 will for more progress in the Rel-18 MG_enh2 WI, with the intention of leveraging agreements and solutions identified in that WI.
In that same spirit, we will leverage terminology already agreed as part of the Rel-18 MG_enh2 WI to facilitate the discussion in this paper [2].
Issue 2-2: Definitions: legacy, concurrent, baseline and component gaps
< Agreement >: 
· Type-1 MG: Gap(s) configured via GapConfig without suffix
· Type-2 MG: Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17
< Wayforward >: FFS the following proposals
· Proposal 3: Baseline MG: Gaps including legacy gap and Con-MG 
· Proposal 4: Component gap: one particular configured gap pattern within concurrent gaps


Proposal 1: Leverage the following terminology from Rel-18 MG_enh2 in the discussion of requirements for Rel-17 MUSIM gaps
· Type-1 MG: Gap(s) configured via GapConfig without suffix
· Type-2 MG: Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17
 Gap Collisions
Handling of gap collisions is one of the key topics that RAN4 needs to address in the requirements. So far RAN4 has reached agreement on two points:
· the priority rule developed for concurrent MG in Rel-17 can be used as the baseline to resolve collisions between MUSIM gaps and legacy measurement gaps [3]
· the definition of collision with the associated proximity condition from Rel-17 MG_enh are reused for collisions between MUSIM gaps and Type-1/Type-2 MGs [1]

Issue 1-1-2: Definition of the collision between MUSIM gaps and legacy gaps
Agreements: 
· Definition of gap collision and corresponding proximity condition specified under concurrent gaps can be reused for collision between MUSIM gap and gaps configured via GapConfig or via GapConfig-r17 but without preConfigInd-r17 or ncsgInd-r17.
· For the collision definition between Pre-MG/NCSG and MUSIM gaps, related conclusions from Rel-18 feMG WI should be re-checked.


If the priority rule is extended to include MUSIM gaps, then priority levels would need to be assigned to MUSIM gaps either via signalling or by definition. RAN4 has agreed to introduce priority level(s) for MUSIM gaps but the details behind it still need to be discussed [1].
Issue 1-1-3: Priority of MUSIM against other legacy gaps
Agreement (GTW): 
· RAN4 agrees on introduction of the priority for MUSIM gaps


As noted in our previous paper, the current IE defined for MUSIM gaps (MUSIM-GapConfig-r17) does not include a priority field and it’s unclear if RAN2 would introduce new signalling at this late stage in Rel-17. Most likely any new signalling would be added in Rel-18 at the earliest. Therefore, it would be desirable to define a default priority level for MUSIM gaps, to be applied in the absence of an explicit priority level provided via signalling. Our view is that MUSIM gaps should have the highest priority by default.
Observation 1: The current IE defined for MUSIM gaps (MUSIM-GapConfig-r17) does not include a priority field.
Proposal 2: If an explicit priority level is not provided for MUSIM gaps via signalling, MUSIM gaps are assumed to have higher priority than all measurement gaps configured by the network.
One difficulty with assigning priorities to MUSIM gaps is that network A does not benefit from configuring MUSIM gaps requested by the UE. Furthermore, network A will not know exactly how the UE intends to use each MUSIM gap when it switches to network B. Therefore, network A does not have context to determine the priority of MUSIM gaps. The UE has all the relevant information to make this decision and it should be allowed to assist the network by requesting the priority level of MUSIM gaps.
We support proposals P3-a and P3-b captured in the WF from RAN4#104-bis-e [1].
Issue 1-4-1: Priority assignment for MUSIM gaps
Proposals:
· P1: Priority of MUSIM gaps, including both periodic and aperiodic gaps, should be up to NW configuration 
· P2: Whether UE could request priority should be discussed in RAN2 
· P3-a: UE should be allowed to request appropriate priorities for different MUSIM gaps from NW A; 
· Request RAN2 to introduce optional signalling so that the UE can request the priority level of MUSIM gaps 
· P3-b: Regarding priority assignment for MUSIM gaps, network A can fulfil this task with the facilitation from UE side when UE requesting MUSIM gaps. A LS should be sent to RAN2 after RAN4’s solution is stable. 
· P4: Define gap priority for MUSIM gaps that depend on the gap purpose; Network A should be able to configure MUSIM gap priorities for each purpose; RAN4 to study how mobility conditions can be taken into account for the MUSIM gap priorities.  Send LS to RAN2 asking how priority can be specified for MUSIM gaps and legacy gaps. 


Proposal 3: Regarding explicit assignment of priority to MUSIM gaps
· The UE should be allowed to request the priority level for MUSIM gaps.
· Network A configures the priority level of MUSIM gaps based on the request from the UE.
· Request RAN2 to introduce optional signalling so that the UE can request the priority level for MUSIM gaps via UE Assistance Information.

There were some proposals in RAN4#104-bis-e suggesting that the UE inform the network A about how intends to use each MUSIM gap. RAN2 discussed this issue during the Rel-17 MUSIM WI and there was an agreement not to add any signalling to differentiate between MUSIM gaps based on usage. Additionally, even though RAN4 considered the MUSIM usage scenarios when it introduced MUSIM gaps in Rel-17, there was no differentiation between gap patterns in terms of usage. RAN4 simply stated that MUSIM gaps are used “for MUSIM purposes.” Therefore, our view is that RAN4 should not discuss such proposals now in Rel-18.
Observation 2: MUSIM gaps are requested by the UE for MUSIM purposes and their specific usage is left up to UE implementation.
Proposal 4: RAN4 shall not impose specific priorities for MUSIM gaps based on their assumed usage. 
Having addressed the question of how to assign priorities to MUSIM gaps, we move on the question of how to define and handle collisions between MUSIM gaps. The discussion in RAN4#104-bis-e concluded with the proposals shown below [1]. 
Issue 1-2-1: Definition of the collision between different MUSIM gaps 
Proposals:
· Option 1a: The gap proximity condition of concurrent gap collision could be reused for MUSIM gap collision 
· Option 1b: The gap proximity condition for the Rel-17 concurrent gap collision should be reused for the collision between different MUSIM gap when priority rules are used to handle the collision between MUSIM gaps. 
· Option 2: No definition for collision between MUSIM gaps is needed 


Issue 1-2-2: Solutions for collision between different MUSIM gaps
Proposals:
· Option 1: Priority rule can be used as baseline for collision between different MUSIMs 
· Option 1a: Aperiodic gap should have higher priority than periodic gaps once collision happens within MUSIM gaps 
· Option 2: MUSIM gaps could be kept when different MUSIM gaps collide 
· Option 2a: MUSIM gaps are not dropped due to collision with another MUSIM gap
· Option 2b: 
· When the time duration between the two closest gap occasions within the two measurement gap patterns is shorter than [4]ms and the second gap occasion is for paging, UE should keep both gap occasions instead of dropping any of them. 
· RAN4 to further identify the specific scenarios in which any MUSIM gap shall be dropped case by case
· Option 2c: If multiple MUSIM gap instances overlap or occur back-to-back, they are merged into a single instance comprising the union of the individual gap instances 
· If the distance between two MUSIM gap instances is ≤ 4 ms, they are merged into a single instance comprising the union of the individual gap instances and the space between them
· If the distance between two MUSIM gap instances is > 4 ms, both individual gap instances are kept separately.
· Option 3: Solutions for collision between different MUSIM gaps is either down-selected from option 1 or option 2; or based on both option 1 and option 2 


Our view is that collisions between MUSIM gaps should be treated differently from collisions between MUSIM gaps and measurement gaps. There are several factors that motivate introducing different rules for collisions between MUSIM gaps:
1. The are no requirements on how the UE should use MUSIM gaps. It is left up to UE implementation how to use MUSIM gaps to enable operation in network B.
2. A consequence of the above is that there are no retuning time requirements associated with MUSIM gaps. For example, if there were two back-to-back MUSIM gaps, the UE would not be required to retune its receiver near the boundary between the gaps. The UE may retune its receiver multiple times at arbitrary points inside MUSIM gaps. It is up to UE implementation if and when to retune within MUSIM gaps. This stands in contrast to measurement gaps, which have well-defined retuning time requirements, and for which there are expectations by the network about what the UE should do.
3. MUSIM gaps are configured upon request from the UE. If the UE requests two MUSIM gaps that are placed close to one another, it would be reasonable to assume that the UE does not have a problem with the close proximity between them. Otherwise, the UE would not request such closely spaced gaps. Therefore, applying the same proximity rule to MUSIM gaps is not warranted.
Since MUSIM gaps are requested by the UE and their usage is largely left up to UE implementation, it would be better to not drop any MUSIM gap instances if they are close to one another or if they overlap. Instead, MUSIM gap instances that overlap or occur back-to-back (no space between them) may be merged into a single instance comprising the union of the individual gap instances. The network may decide to configure a subset of the MUSIM gaps requested by the UE but once a set of MUSIM gaps is configured, no MUSIM gap instances would be dropped if they overlap or are placed next to one another. 
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Figure 1: Merging of overlapping MUSIM gaps

Proposal 5: No definition for collisions between MUSIM gaps is needed.
Proposal 6: If multiple MUSIM gap instances overlap or occur back-to-back, they are merged into a single instance comprising the union of the individual gap instances.
A similar treatment could also be applied when two MUSIM gap instances are very close to one another.
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Figure 2: Merging of closely spaced MUSIM gaps

Proposal 7:
· If the distance between two MUSIM gap instances is ≤ [4] ms, they are merged into a single instance comprising the union of the individual gap instances and the space between them.
· If the distance between two MUSIM gap instances is > [4] ms, both individual gap instances are kept separately.
The last issue concerns how to resolve collisions when more than two gaps are involved in a collision.
Issue 1-7-2: Order for applying the priority when number of colliding MGs is larger than 2
Proposals:
· P1: RAN4 to discuss the order for applying the priority when number of colliding gaps is larger than 2
· P2: For issue 2-3-2-4, the order for applying priority rules when multiple gaps are overlapping, investigate one solution by considering the following two cases: 
·     1. Within a particular time window, each gap collides with all other gaps.
·     2. Within a particular time window, each gap collides with one or few particular gaps and does not collide with one or few particular gaps.
· P3: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority
· P4: No discussion is needed until RAN4 achieves the agreements on MUSIM gaps’ collision rules.


Proposal 8: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
 Requirements in network A
Measurement requirements in network A need to be updated to account for any collisions between MUSIM gaps and measurement gaps or RS resources. Fortunately, RAN4 went through a similar exercise in Rel-17 when requirements were updated for scenarios where concurrent MG are configured.
It should be straightforward to extend the requirements to include collisions with MUSIM gaps. For example, the requirements for NR intra-frequency measurements without gaps (38.133, clause 9.2.5) define a scaling factor Kp to account for collisions with measurement gaps, as shown below. 
When UE supports concurrentMeasGap-r17 and is configured with concurrent measurement gaps,
	Kp is the scaling factor for an SSB frequency layer to be measured without measurement gaps. Kp = Ntotal / Navailable, where Navailable and Ntotal are calculated as follows:
-	For a window W of duration max(SMTC period,  MGRP_max), where MGRP max is the maximum MGRP across all configured per-UE measurement gap and/or per-FR measurement gap within the same FR as the SSB frequency layer, and starting from the beginning of any SMTC occasion: 
-	Ntotal is the total number of SMTC occasions within the window, including those overlapped with measurement gap occasions within the window, and
-	Navailable is the number of SMTC occasions that are not overlapped with any non-dropped MG occasion within the window W, after accounting for measurement gap collisions by applying the measurement gap collision rule in section 9.1.2B.3.
	Kp = 1 when Navailable = 0.


In the above definition, two quantities would need to be modified:
· The duration of the window W should be updated to include the maximum period of configured MUSIM gaps, if any.
· Navailable should be updated to also account for collisions between SMTC and MUSIM gaps within the window W, after accounting for collisions between MUSIM gaps and measurement gaps.

Proposal 9: Collisions between L3/L1 measurement resources and MUSIM gaps are handled in the same way as collisions between L3/L1 measurement resources and measurement gaps.
Proposal 10: The following parameters need to be updated to account for collisions with MUSIM gaps:
· Kp for intra-frequency and inter-frequency measurements without gaps
· Kgap for intra-frequency and inter-frequency measurements with gaps
· Kgap_EUTRA for inter-RAT measurements
· Kp_CSI-RS for CSI-RS L3 measurements
· Kp,PRS,i for NR positioning measurements
· CSSFintra for intra-frequency measurements
· CSSFinter for intra-frequency measurements
· CSSFinterRAT for intra-RAT measurements
· P scaling factor for L1-RSRP and L1-SINR measurements

The next issue concerns the priority of MUSIM gaps vs. UL transmissions in network A. In RAN4#104-bis-e many companies expressed support for P3 below [1], arguing that leveraging the requirements applicable for measurement gaps would be reasonable. However, note that the requirements referenced in that proposal are normative in RAN2 specification 38.321. Clearly, RAN4 cannot make an agreement to introduce normative text in a RAN2 specification. RAN2 was the lead WG for Rel-17 MUSIM and they have already defined requirements addressing e.g. the prioritization of PRACH vs. MUSIM gaps. Therefore, our view is that RAN4 does not need to discuss this issue further. If RAN4 needs clarification about the requirements, an LS should be sent to RAN2.
Issue 1-3-3: Priority of MUSIM against uplink signals, such as PRACH, CSI-RS reporting etc.
Proposals:
· P1: The UE is not required to conduct any transmission towards network A, including PRACH, during MUSIM gaps
· P2: When MUSIM gaps collide with DL RS or UL signals, RAN4 to differentiate different usages of the DL RSs and UL signals in NW-A
· P3: For the Priority of MUSIM against uplink signals such as PRACH, CSI-RS reporting, suggest to reuse rules defined at 5.14 of TS38.321 (copied below for reference)

Proposal 11: RAN2 has already defined requirements on the prioritization of MUSIM gaps vs. uplink transmissions. RAN4 does not need to discuss this issue further.
 Requirements in Network B
Issue 1-6-1: Whether to define network B requirements
Proposals:
· Option 1: Deprioritize NW B requirement in R18 
· Option 2: No measurement requirements in network B will be defined by RAN4 
· Option 3: RAN4 does not define new UE idle/inactive measurement requirements for measurements on Network B for a UE configured with MUSIM gaps (exiting UE measurement requirement for Idle/Inactive mode applies) 
· Option 4: RAN4 to define measurement requirement for NW-B Idle mode which is helpful for both NW-A and NW-B 

Regarding UE measurement requirements in network B (idle/inactive), our view is that it would not be straightforward for RAN4 to define new requirements. Any new requirements would likely be dependent on the combination of MUSIM gaps that are requested by the UE. Since there are more than twenty MUSIM gap patterns and the UE can request up to 3 periodic gaps (plus one aperiodic gap), there are many such combinations. Additionally, there are no mandatory gap patterns for MUSIM so it would not be possible to define a test case configuration featuring specific gap patterns. All these factors would make the requirements hard to verify.
Proposal 12: No measurement requirements in network B will be defined by RAN4.


Conclusions
Proposal 1: Leverage the following terminology from Rel-18 MG_enh2 in the discussion of requirements for Rel-17 MUSIM gaps
· Type-1 MG: Gap(s) configured via GapConfig without suffix
· Type-2 MG: Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17
Observation 1: The current IE defined for MUSIM gaps (MUSIM-GapConfig-r17) does not include a priority field.
Proposal 2: If an explicit priority level is not provided for MUSIM gaps via signalling, MUSIM gaps are assumed to have higher priority than all measurement gaps configured by the network.
Proposal 3: Regarding explicit assignment of priority to MUSIM gaps
· The UE should be allowed to request the priority level for MUSIM gaps.
· Network A configures the priority level of MUSIM gaps based on the request from the UE.
· Request RAN2 to introduce optional signalling so that the UE can request the priority level for MUSIM gaps via UE Assistance Information.
Observation 2: MUSIM gaps are requested by the UE for MUSIM purposes and their specific usage is left up to UE implementation.
Proposal 4: RAN4 shall not impose specific priorities for MUSIM gaps based on their assumed usage. 
Proposal 5: No definition for collisions between MUSIM gaps is needed.
Proposal 6: If multiple MUSIM gap instances overlap or occur back-to-back, they are merged into a single instance comprising the union of the individual gap instances.
Proposal 7:
· If the distance between two MUSIM gap instances is ≤ [4] ms, they are merged into a single instance comprising the union of the individual gap instances and the space between them.
· If the distance between two MUSIM gap instances is > [4] ms, both individual gap instances are kept separately.
Proposal 8: Collisions between gaps are resolved sequentially in order of decreasing priority, starting with the gap that has the highest priority.
Proposal 9: Collisions between L3/L1 measurement resources and MUSIM gaps are handled in the same way as collisions between L3/L1 measurement resources and measurement gaps.
Proposal 10: The following parameters need to be updated to account for collisions with MUSIM gaps:
· Kp for intra-frequency and inter-frequency measurements without gaps
· Kgap for intra-frequency and inter-frequency measurements with gaps
· Kgap_EUTRA for inter-RAT measurements
· Kp_CSI-RS for CSI-RS L3 measurements
· Kp,PRS,i for NR positioning measurements
· CSSFintra for intra-frequency measurements
· CSSFinter for intra-frequency measurements
· CSSFinterRAT for intra-RAT measurements
· P scaling factor for L1-RSRP and L1-SINR measurements

Proposal 11: RAN2 has already defined requirements on the prioritization of MUSIM gaps vs. uplink transmissions. RAN4 does not need to discuss this issue further.
Proposal 12: No measurement requirements in network B will be defined by RAN4.
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