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1 Introduction
In Rel-17, there are several enhancements on (measurement) gap operation. This paper discusses the potential inter-working between new gap related features. 

2 Discussion
2.1 R15/R16 background
Some quick summaries from R15/R16 measurement gap design:
· There are 26 measurement gap patterns defined in the specification
· Each pattern is identified by an offset value, a measurement gap length (MGL), and a measurement gap repetition period (MGRP)
· Some gap patterns are mandatory to be supported
· Gap pattern 24 and 25 is used for positioning measurement only
· Two type of measurement gap is introduced. 
· (Mandatory) per UE gap, where the gap apply to all serving cells
· (Optional) per FR gap, where one FR1 gap and one FR2 gap could be configured. FR1 gap apply to FR1 serving cells and FR2 gap apply to FR2 serving cell
· Measurement Gap is configured only by RRC and is always activated once configured
· For UE supports per FR gap, at most one FR1 gap and one FR2 gap could be configured. Otherwise, at most one per UE gap could be configured.

2.2 New R17 gap related features
The following is list of new R17 gap related features (from our understanding). The main change is from R17 MG enhancement WI (led by RAN4). Note that the feature description may still be changed subject to the latest conclusion from individual WI.

Feature 1 – Pre-Configured gap (From MG enh. WI [1])
· Pre-configured gap is a measurement gap that does not always activated once configured.
· Pre-configured gap status (activated or not) is determined by which BWP is activated and other pre-defined rules specified in RAN4 SPEC.
· Pre-configured gap is configured by RRC. 
· MAC CE control of activation and deactivation of pre-configured gap is NOT support.

Feature 2 – Concurrent Gap (From MG enh. WI [1])
· Concurrent gaps are multiple measurement gaps, and each gap pattern could be associated with one or multiple frequency layers.
· No new gap pattern is introduced for concurrent gap, the existing R15/R16 gap pattern could be configured for the concurrent gaps.
· Note that NTN is discussing to have more than one measurement gap, which seems to be covered by this work.

Feature 3 – Network control small gap (NCSG) (From MG enh. WI [1])
· NCSG is a kind of measurement gap but causes small interruption to the serving cell(s) (i.e. interruption only at start and end of the MGL, not whole MGL).
· R15 gap pattern is reused (Positioning gap pattern is NOT applicable)
· The UE has to report whether it support NCSG per target band per BC

Feature 4 – Pre-configured MG for PRS (From positioning enh. WI[2], see also LS from RAN1 [3])
· R1 intend to have multiple pre-configured measurement gaps (MG) for PRS measurement. RRC to provide the pre-configuration.
· UL MAC CE is used to request activate/deactivate of pre-configured PRS MG. 
· DL MAC CE is used to activate/deactivate a pre-configured PRS MG.
· It seems that same R15/R16 measurement gap pattern will be reused
· Assuming only one activated at a given time

Feature 5 – MUSIM gap (From MUSIM WI [4])
· MUSIM gap is the gap the UE will switch to do task from another SIM. The UE does not send or receive data from serving cell(s) of current SIM. (Similar to per-UE measurement gap)
· At most 3 MUSIM gaps (one aperiodic, two periodic) are supported
· R15/R16 gap pattern could be reused, and some additional pattern may be added for MUSIM
· The UE should request gap configuration (using assistance information) to the network
· RAN2 will not create MAC CE activation of gaps in MUSIM, but if the common gap discussion allows this anyway, RAN2 will not prevent that, either

Feature 6 – UL FR2 gap (From FR2 enh, WI [5])
· UL FR2 gap is similar to FR2 gap but it is used for self-calibration (not measurement). DL data reception is still possible within this gap.
· New gap pattern will be defined for UL FR2 gap pattern. Similar parameters as in measurement gap (i.e., offset, length, period) will be introduced.
· Activate/deactivate FR2 UL gap by RRC (no agreement in RAN2 for MAC CE control for now)

Note the gap in feature 1 to 4 is used for measurement while the gap in feature 5 and 6 is used for other purposes.

2.3 Coordination of R17 gap related features
Based on the description from section 2.2, we do see some overlapping between different gap enhancement features. It is not so clear whether two features could be enabled together and function normally. Note that, it has been concluded that no joint requirement of feature 1 to feature 3 will be defined in Rel-17 in last RP. Our assumption is also that if MUSIM gap (or UL FR2 gap) is overlapping with the legacy MG or the enhanced MG (feature 1 to 4), there will be no UE requirement at least in Rel-17. 

Observation 1: There should be no joint requirement for combing of different gap enhancement features.

Among feature 1-4 (which are all used for measurement), one can find that the pre-configured PRS MG (feature 4) is highly overlapping with pre-configured MG (feature 1) and concurrent gap (feature 2) but using different control mechanism. In addition, NCSG could not be used for positioning. It seems really confusing if feature 4 is configured together with feature 1 to 3. So, we think PRS MG enhancement should be enabled only if feature 1 to 3 is disabled.

Proposal 1: Specify that pre-configured PRS MG for positioning is not configured together with enhanced gap operation from MG enh. WI (i.e. pre-configured MG, concurrent gap, or NCSG).

Other than proposal 1, it seems that no immediately action is required to coordinate between each WI. We believe that different feature could be designed in each individual WI using different RRC control parameter. We do not see the need to combine the RRC signaling at this moment. Different feature could be enabled by different RRC parameter. If needed, RAN2 could try to merge gap related CR before ASN.1 Review.

Proposal 2: RAN2 to work on individual RRC CR for the gap enhancement features first. 

One thing that we need to discuss is about MAC CE control on activation or deactivation of gaps. This has been discussed in several features but no agreement in RAN2 to support it for now. So far, it looks like that only UL FR2 gap and pre-configured PRS gap tend to use MAC CE control. We think that (if agreed it that WI), we can have MAC CE to control the specific gap without impacting other gap features. We don’t see the benefit to have common MAC CE control to all gap features if just one or two features intend to use MAC CE. This will add new control mechanism to other features and complicate the design.

Proposal 3: Do NOT introduce common MAC CE framework to activate/deactivate all (new) gaps. If needed, new MAC CE could be introduced in individual WI and control its own gap(s).   

Since most RAN2 features are still under discussion. We believe that further discussion is needed on the way forward of coordination between gap related features.

3 Conclusions	
Base on the discussion in section 2, we have the following observations and proposals: 

Observation 1: There should be no joint requirement for combing of different gap enhancement features.

Proposal 1: Specify that pre-configured PRS MG for positioning is not configured together with enhanced gap operation from MG enh. WI (i.e. pre-configured MG, concurrent gap, or NCSG).

Proposal 2: RAN2 to work on individual RRC CR for the gap enhancement features first. 

Proposal 3: Do NOT introduce common MAC CE framework to activate/deactivate all (new) gaps. If needed, new MAC CE could be introduced in individual WI and control its own gap(s).
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