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1. Introduction
In Rel-17, gap requirement is discussed in multiple WIs (MGE, MUSIM, NTN, Pos), in RAN2#116bis-e meeting, companies discussed how to coordinate gap requirements between WIs and made the following agreements:
	Agreements:
· Continue to discuss each gap feature in individual WI with the following understandings.
- Whether to support MAC CE activation/deactivation of the gap is discussed independently in each WI. There is no need to have common MAC CE framework.
- RRC configuration for gap feature could be progressed separately in each WI. However, RAN2 may use common RRC configuration structures for different gaps once the relation between each gap feature is clear.
· On gap coordination, RAN2 to attempt conclusion from R2 point of view on the following aspects (no limitation is intended). 
- Could gap features be configured together? Is there any collision on procedure part when more than one is configured? (to identify the possible gap combinations)
- How many gaps could be configured / activated at the same time? IS there any R2 related limitation or does RAN2 have to consult RAN4 for this number? 
- Expect to send LS to R4 after initial R2 conclusions (next meeting)
· R2 assumes that UL FR2 gap is independent from other gap features. (i.e. separate configuration for UL FR2 gap and enabling the UL FR2 gap or not does not conflict with other gap features from RAN2 perspective).
· RAN2 assumes that the detailed UE behaviour while gaps are overlapped in time domain is R4 knowledge, e.g. which use case has priority (if such is needed)


In this contribution, we discuss the gap coordination issue and share our views. 
2. Discussion 
The relevant features are listed in Table 1 (excerpt from offline summary [1], and FR2 UL gap is removed based on the agreement). 
Table 1 – List the relevant gap feature
	Index
	Gap Feature
	Purpose
	Activation/
Deactivation
	Note

	0
	Legacy gap
	Measurement
	By RRC
	Periodic gap
Per UE or Per FR
Max 1 FR1 gap + 1 FR2 gap could be configured

	1
	Pre-Configured gap
	Measurement
	By RRC 
and RAN4 Rules
	


	2
	Concurrent gap
	Measurement
	By RRC
	FFS Max 2 FR1 gap + 2 FR2 gap could be configured

	3
	NCSG
	Measurement
	By RRC
	

	4
	ePOS gap
	PRS Measurement
	By MAC CE
	

	5
	NTN gap
	Measurement
	By RRC
	

	6
	MUSIM gap
	MUSIM
	By RRC
	Only per UE gap
Max 2 periodical and 1 aperiodic gap


In legacy, network determines gap requirements based on UE capability and configured MOs, gap configuration is configured semi-statically. While in R17, besides gap configuration, it also includes other procedures, so in total, there are three steps: 
· Step 1: Gap request (UE and/or LMF can send gap request to the network);
· Step 2: Gap configuration (the network configures one or more gap patterns); 
· Step 3: Gap activation/deactivation (triggered by the network, or RAN4 rules. In Pos, UE can request the network to activate a specific gap pattern); 
But not all gap features have the three steps, see summary in below table:
Table 2 – 3 steps of gap in Rel-17
	Procedures
	Legacy gap
	Pre-configured gap
	Concurrent gap
	NCSG
	ePos
	NTN
	MUSIM

	Step 1: gap request
	
	
	
	
	√
	
	√

	Step 2: gap configuration
	√
	√
	√
	√
	√
	√
	√

	Step 3: gap (de)activation
	
	√
	
	
	√
	
	


Observation 1: R17 gap mainly includes 3 steps: 1) gap request; 2) gap configuration; 3) gap activation/deactivation. But not all gap features have the 3 steps.
Here, we discuss the three steps one by one and to see whether/how to merge the features. For simplicity, step 1 and step 3 are discussed first.
For step 1 (Gap Request):
Two features are involved: ePos and MUSIM, however, the two features use different signaling for requesting gap. For ePos, it is agreed to reuse existing LocationMeasurementIndication procedure to request (e)Pos gaps, and network may configure legacy gap or ePos pre-configured gaps as a response. However, for MUSIM, the UE will use UEAssistanceInformation to request MUSIM gap, within the message, the UE can indicate the expected gap configuration of periodic and/or aperiodic gap. 
So for step 1, it is impossible to merge the two features, considering the request messages are independent from each other, there should be no problem even if both are triggered. 
Observation 2: Two features (ePos and MUSIM) have gap request procedure, but different RRC message will be used for requesting gap. From RAN2 perspective, there is no need to merge them. 
For step 3 (Gap Activation/Deactivation):
Two features are involved: pre-configured gap and ePos gap. However, these two features use different mechanisms for gap activation/deactivation. 
For pre-configured gap, the gap is activated/deactivated upon BWP switching, so whether gap can be activated or deactivated depends on the location of activated BWP and measured target frequency. While for ePos gap, the UE can send MAC CE to the network, to request the network to activate or deactivate a specific configured pre-configured gap, and the final gap activation/deactivation command is sent by network using MAC CE. 
So similar to step 1, it is impossible to merge the two features, and according to previous RAN2 agreement, we will not define a common MAC CE framework for gap activation/deactivation.
Observation 3: Two features (pre-configured gap and ePos) have gap activation/deactivation procedure, but different mechanism or messages are used for (de)activating the gap. From RAN2 perspective, there is no need to merge them.
For step 2 (Gap Configuration):
As shown in Table 2, every feature have gap configuration procedure, but there are some highlighted differences:
· MUSIM only supports per-UE gap, other features support both per-UE and per-FR gap;
· All features support periodic gap, in addition, MUSIM can also support 1 aperiodic gap;
· For concurrent gap, one frequency can only be associated with one gap pattern; but for NTN, one frequency may be associated with more than one gap pattern; (here one gap pattern means a set of gapoffset/MGRP/MGL)
Table 3 – Applicable gap types for different features
	Applicable gap type
	Legacy gap
	Pre-configured gap
	Concurrent gap
	NCSG
	ePos
	NTN
	MUSIM

	Per-UE gap
	√
	√
	√
	√
	√
	√
	√

	Per-FR gap
	√
	√
	√
	√
	√
	√
	

	Periodic gap
	√
	√
	√
	√
	√
	√
	√

	Aperiodic gap
	
	
	
	
	
	
	√


Since gap configuration procedure applies for all features, so it is important to discuss how to merge them. 
In our view, firstly, aperiodic gap in MUSIM can be precluded here, because the configuration of aperiodic gap can be different from periodic gap, so the ASN.1 can be defined separately. 
Observation 4: There is no need to merge MUSIM aperiodic gap with other features, because the configuration of aperiodic gap may be different from periodic gap. 
Secondly, although MUSIM does not support per-FR gap, it won’t impact much on the signaling design, as the signaling structure allows network to configure per-UE and per-FR gaps, even if only per-UE gap can be configured when MUSIM is triggered, it can be captured as a configuration restriction in the field description.
The confliction between concurrent gap and NTN is a little tricky, during previous discussion, some company proposed that NTN gap can be supported by introducing additional “gap shift” in MO. However, in our understanding, gap shifts still result in different gapOffset, so from RAN4 perspective, probably it will be treated as separate gap patterns. Based on the progress of NTN, it is still unclear whether and how NTN gaps can be supported. So it is premature to discuss the merging solution in Gap coordination session. 
Observation 5: Due to the limited progress of NTN gap, it is premature to merge NTN gap with other gap features. 
Based on above, for gap configuration, we can focus on merging the periodic gap requirements from legacy gap, pre-configured gap, concurrent gap, NCSG, ePos and MUSIM features. NTN gap can be considered after NTN session concludes the gap design principles for NTN gap. 
Observation 6: For gap configuration procedure, to focus on merging the periodic gap requirements from legacy gap, pre-configured gap, concurrent gap, NCSG, ePoS and MUSIM features. 
Based on above, we propose:
Proposal 1: In gap coordination session, to only focus on gap configuration procedure. Gap request and gap (de)activation procedures are discussed independently in each WI.
Proposal 2: For gap configuration procedure:
· To focus on merging the periodic gap requirements from legacy gap, pre-configured gap, concurrent gap, NCSG, ePoS and MUSIM features.
· Aperiodic gap from MUSIM is discussed independently in MUSIM session;
· NTN gap can be considered after NTN session (RAN2/4) concludes the NTN gap design principles. 
Regarding how to merge the features in gap configuration procedure, following aspects need to be considered:
· Aspect 1: Design a common RRC signaling for configuring periodic gaps;
· Aspect 2: Define the maximum number of gaps that can be configured in parallel;
· Aspect 3: Define which features can be configured as the same time, and whether different features(e.g. MUSIM and Pos) can share one gap configuration;
For Aspect 1, as discussed in the pre-meeting email discussion, we think it is simpler to use “ToAddModList” and “ToReleaseList” to support R17 multiple gaps. 
MeasGapConfig ::=   SEQUENCE {
    gapFR2              SetupRelease { GapConfig }         OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1              SetupRelease { GapConfig }         OPTIONAL,   -- Need M
    gapUE               SetupRelease { GapConfig }         OPTIONAL    -- Need M
    ]],
    [[
    gapUEToAddModList-r17       SEQUENCE (SIZE (1..TBD)) OF GapConfig		OPTIONAL,   -- Need N 
    gapUEToReleaseList-r17      SEQUENCE (SIZE (1..TBD)) OF MeasGapId-r17	OPTIONAL,   -- Need N 
    gapFR1ToAddModList-r17      SEQUENCE (SIZE (1..TBD)) OF GapConfig		OPTIONAL,   -- Need N 
    gapFR1ToReleaseList-r17     SEQUENCE (SIZE (1..TBD)) OF MeasGapId-r17	OPTIONAL,   -- Need N 
    gapFR2ToAddModList-r17      SEQUENCE (SIZE (1..TBD)) OF GapConfig		OPTIONAL,   -- Need N 
    gapFR2ToReleaseList-r17     SEQUENCE (SIZE (1..TBD)) OF MeasGapId-r17	OPTIONAL    -- Need N 
	]]
}
Regarding the length of the list, it relates to Aspect 2. In general, the maximum number of activated gap should be defined by RAN4. However, we don’t think RAN4 has time to discuss this in Rel-17, so we suggest to define a larger value for the list. After RAN4 defines the detailed UE requirements, RAN2 can add configuration restriction to the field descriptions. 
Regarding the detailed value, MGE concurrent gap already concludes that up to 2 gaps can be configured for a given gap type(per-UE, FR1-gap, FR2-gap), and MUSIM agreed there are up to 2 periodic gaps. While the number of pre-configured ePos gap is still under discussion, can be 4 or 8. So in sum, the total value can be “2+2+[4 or 8] -1 = 7 or 11”.  
Proposal 3: Use “ToAddModList” and “ToReleaseList” structure to support configuring multiple gaps, it provides periodic gap configuration for concurrent gaps, ePos pre-configured gaps and MUSIM.
Proposal 4: Define the maximum length of gap list based on the sum of concurrent gaps (i.e. 2), ePos re-configured gaps (FFS, 4 or 8) and MUSIM periodic gaps (i.e. 2). 
Proposal 5: The number of gaps that can be configured in parallel will be captured in field description after receives RAN4’s inputs. 
For Aspect 3, we think the final UE requirements should be specified by RAN4, but from RAN2 perspective, we can provide some guidance to RAN4. And our understandings are:
1. Different features can share the same gap pattern (gapOffset/MGRP/MGL), but not the same gap occasions (e.g. the gap occasions in first MGRP are used for SSB-based RRM, the gap occasions in second MGRP are used for PRS measurement). 
2. The gap configured for MUSIM can not be used for other purpose. This based on the assumption that the network configures MUSIM gap based on the MUSIM requirements from the UE, so during MUSIM gap, the UE will switch to network B and unable to perform other measurements.
3. NTN UE will not be configured with Positioning. According to the conclusion in NTN session, NTN UEs will use GNSS for positioning, thus PRS measurement is not needed for NTN UEs. 
Proposal 6: From RAN2 perspective:
· Different features can share the same gap pattern (gapOffset/MGRP/MGL), but not the same gap occasions.
· The gap configured for MUSIM can not be used for other purpose;
· NTN UE will not be configured with Positioning. 
For Proposal 1,2,5,6, LS can be sent to RAN4, ask RAN4 to study and specify the UE requirement (e.g. how many gaps can be configured in parallel), and provide feedbacks to RAN2. 
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1: R17 gap mainly includes 3 steps: 1) gap request; 2) gap configuration; 3) gap activation/deactivation. But not all gap features have the 3 steps.
Observation 2: Two features (ePos and MUSIM) have gap request procedure, but different RRC message will be used for requesting gap. From RAN2 perspective, there is no need to merge them. 
Observation 3: Two features (pre-configured gap and ePos) have gap activation/deactivation procedure, but different mechanism or messages are used for (de)activating the gap. From RAN2 perspective, there is no need to merge them.
Observation 4: There is no need to merge MUSIM aperiodic gap with other features, because the configuration of aperiodic gap may be different from periodic gap. 
Observation 5: Due to the limited progress of NTN gap, it is premature to merge NTN gap with other gap features. 
Observation 6: For gap configuration procedure, to focus on merging the periodic gap requirements from legacy gap, pre-configured gap, concurrent gap, NCSG, ePoS and MUSIM features. 
Proposal 1: In gap coordination session, to only focus on gap configuration procedure. Gap request and gap (de)activation procedures are discussed independently in each WI.
Proposal 2: For gap configuration procedure:
· To focus on merging the periodic gap requirements from legacy gap, pre-configured gap, concurrent gap, NCSG, ePoS and MUSIM features.
· Aperiodic gap from MUSIM is discussed independently in MUSIM session;
· NTN gap can be considered after NTN session (RAN2/4) concludes the NTN gap design principles. 
Proposal 3: Use “ToAddModList” and “ToReleaseList” structure to support configuring multiple gaps, it provides periodic gap configuration for concurrent gaps, ePos pre-configured gaps and MUSIM.
Proposal 4: Define the maximum length of gap list based on the sum of concurrent gaps (i.e. 2), ePos re-configured gaps (FFS, 4 or 8) and MUSIM periodic gaps (i.e. 2). 
Proposal 5: The number of gaps that can be configured in parallel will be captured in field description after receives RAN4’s inputs. 
Proposal 6: From RAN2 perspective:
· Different features can share the same gap pattern (gapOffset/MGRP/MGL), but not the same gap occasions.
· The gap configured for MUSIM can not be used for other purpose;
· NTN UE will not be configured with Positioning. 
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