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1. Introduction
Measurement gap pattern capabilities are defined separately in TS36.306 and TS38.306, and the corresponding requirements are defined in TS36.133 and TS38.133 respectively.

We found that it is not entirely clear in the current specification which capabilities are supposed to be used in some of MR-DC scenarios.
2. Discussion
Gap pattern capabilities
Currently the following UE capabilities for measurement gap patterns are defined.
In UE E-UTRA capability (TS36.306):
-
shortMeasurementGap
Indicates whether the UE supports 3ms measurement gap lengths as specified in TS 36.133.
-
nonUniformGap
Indicates whether the UE supports measurement non uniform Pattern Id 1, 2, 3 and 4 as specified in TS 36.133. 
-
measGapPatterns
Indicates whether the UE that supports NR supports gap patterns 4 to 11. The first/ leftmost bit covers pattern 4, and so on. Value 1 indicates that the UE supports the concerned gap pattern. See TS 36.133.
In UE NR capability (TS38.306):
-
supportedGapPattern
Indicates measurement gap pattern(s) optionally supported by the UE. The leading / leftmost bit (bit 0) corresponds to the gap pattern 2, the next bit corresponds to the gap pattern 3, as specified in TS 38.133 and so on.

The problem is that no UE capability for measurement gap patterns is defined in MR-DC container. It is our understanding that the above capabilities are defined mainly with inter-RAT measurements in LTE/NR standalone operation in mind. The question is which UE capability the network should be using in case of MR-DC. The answer may be different depending on per-UE gap or per-FR gap.
Gap pattern coordination

TS37.340 specifies the gap pattern coordination between MN and SN.
	Per-UE or per-FR measurement gaps can be configured, depending on UE capability to support independent FR measurement and network preference. Per-UE gap applies to both FR1 (E-UTRA and NR) and FR2 (NR) frequencies. For per-FR gap, two independent gap patterns (i.e. FR1 gap and FR2 gap) are configured for FR1 and FR2 respectively. The UE may also be configured with a per-UE gap sharing configuration (applying to per-UE gap) or with two separate gap sharing configurations (applying to FR1 and FR2 measurement gaps respectively) [8].

A measurement gap configuration is always provided:

-
In EN-DC, NGEN-DC and NE-DC, for UEs configured with E-UTRA inter-frequency measurements as described in table 9.1.2-2 in TS 38.133 [8];

-
In EN-DC and NGEN-DC, for Ues configured with UTRAN and GERAN measurements as described in table 9.1.2-2 in TS 38.133 [8];

-
In NR-DC, for Ues configured with E-UTRAN measurements as described in table 9.1.2-3 in TS 38.133 [8];

-
In MR-DC, for Ues that support either per-UE or per-FR gaps, when the conditions to measure SSB based inter-frequency measurement or SSB based intra-frequency measurement as described in clause 9.2.4 in TS 38.300 [3] are met;

If per-UE gap is used, the MN decides the gap pattern and the related gap sharing configuration. If per-FR gap is used, in EN-DC and NGEN-DC, the MN decides the FR1 gap pattern and the related gap sharing configuration for FR1, while the SN decides the FR2 gap pattern and the related gap sharing configuration for FR2; in NE-DC and NR-DC, the MN decides both the FR1 and FR2 gap patterns and the related gap sharing configurations.
In EN-DC and NGEN-DC, the measurement gap configuration from the MN to the UE indicates if the configuration from the MN is a per-UE gap or an FR1 gap configuration. The MN also indicates the configured per-UE or FR1 measurement gap pattern and the gap purpose (per-UE or per-FR1) to the SN. Measurement gap configuration assistance information can be exchanged between the MN and the SN. For the case of per-UE gap, the SN indicates to the MN the list of SN configured frequencies in FR1 and FR2 measured by the UE. For the per-FR gap case, the SN indicates to the MN the list of SN configured frequencies in FR1 measured by the UE and the MN indicates to the SN the list of MN configured frequencies in FR2 measured by the UE.
In NE-DC, the MN indicates the configured per-UE or FR1 measurement gap pattern to the SN. The SN can provide a gap request to the MN, without indicating any list of frequencies.

In NR-DC, the MN indicates the configured per-UE, FR1 or FR2 measurement gap pattern and the gap purpose to the SN. The SN can indicate to the MN the list of SN configured frequencies in FR1 and FR2 measured by the UE.


Purely from the perspective of the gap pattern UE capability that is available in MN and SN (either UE E-UTRA or NR capability container), the following can be inferred.
Table-1: Usable UE capability based on availability in the deciding node

	Case#
	MR-DC architecture option
	Gap type
	Deciding node
	Used UE capability

	1
	(NG)EN-DC
	Per-UE gap
	(ng)eNB
	E-UTRA capability

	2
	
	Per-FR gap – FR1
	(ng)eNB
	E-UTRA capability

	3
	
	Per-FR gap – FR2
	gNB
	NR capability

	4
	NE-DC
	Per-UE gap
	gNB
	NR capability

	5
	
	Per-FR gap – FR1
	gNB
	NR capability

	6
	
	Per-FR gap – FR2
	gNB
	NR capability

	7
	NR-DC
	Per-UE gap
	gNB
	NR capability

	8
	
	Per-FR gap – FR1
	gNB
	NR capability

	9
	
	Per-FR gap – FR2
	gNB
	NR capability


Some of the cases above however are very illogical. For example, the case #1 and case #4 can share the same MR-DC band combinations, but the gap pattern for case #1 is determined based on UE E-URA capability and it is based on the UE NR capability in case #4. In addition, the measurement gap capability defined in NR capability has reference to TS38.133 where the applicability of gap patterns in MR-DC is defined. But in case #1, the (ng)eNB cannot use NR capability. All in all, the current specification seems to be lacking considerations for gap patterns to be used in LTE and NR links together, i.e. per-UE gap and per-FR gap on FR1. 
For (NG)EN-DC and NE-DC, we propose to define a new UE capability for measurement gap patterns applicable to per-UE gap and per-FR gap on FR1, in UE MR-DC capability container. Since legacy UEs does not signal the new UE capability, such UEs are considered to only support mandatory measurement gap patterns #0 and #1 in the applicable scenarios.
For per-FR gap on FR2 and for NR-DC, it seems sensible to expect that the UE supports the gap patterns as indicated in UE NR capability. No change is needed for that.
Table-2: Proposed change with respect to table-1

	Case#
	MR-DC architecture option
	Gap type
	Deciding node
	Used UE capability

	1
	(NG)EN-DC
	Per-UE gap
	(ng)eNB
	E-UTRA capability
MR-DC capability (new)

	2
	
	Per-FR gap – FR1
	(ng)eNB
	E-UTRA capability

MR-DC capability (new)

	3
	
	Per-FR gap – FR2
	gNB
	NR capability

	4
	NE-DC
	Per-UE gap
	gNB
	NR capability

MR-DC capability (new)

	5
	
	Per-FR gap – FR1
	gNB
	NR capability

MR-DC capability (new)

	6
	
	Per-FR gap – FR2
	gNB
	NR capability

	7
	NR-DC
	Per-UE gap
	gNB
	NR capability

	8
	
	Per-FR gap – FR1
	gNB
	NR capability

	9
	
	Per-FR gap – FR2
	gNB
	NR capability


Proposal 1:
For (NG)EN-DC and NE-DC, define a new UE capability for measurement gap patterns applicable to per-UE gap and per-FR gap on FR1, in UE MR-DC capability container.

Proposal 2:
UE not signalling the new UE capability is treated by the network as only supporting the mandatory measurement gap patterns #0 and #1 for per-UE gap and per-FR gap on FR1 in (NG)EN-DC and NE-DC.

Proposal 3:
For per-FR gap on FR2, confirm gap patterns as indicated in UE NR capability are applicable.

Proposal 4:
For NR-DC, confirm gap patterns as indicated in UE NR capability are applicable, regardless of the type of gap

3. Conclusion
In this document we looked at shortcoming of the current specifications in terms of MR-DC measurement gap pattern capability definition. We make the following proposals based on the analysis in this document.
Proposal 1:
For (NG)EN-DC and NE-DC, define a new UE capability for measurement gap patterns applicable to per-UE gap and per-FR gap on FR1, in UE MR-DC capability container.

Proposal 2:
UE not signalling the new UE capability is treated by the network as only supporting the mandatory measurement gap patterns #0 and #1 for per-UE gap and per-FR gap on FR1 in (NG)EN-DC and NE-DC.

Proposal 3:
For per-FR gap on FR2, confirm gap patterns as indicated in UE NR capability are applicable.

Proposal 4:
For NR-DC, confirm gap patterns as indicated in UE NR capability are applicable, regardless of the type of gap
Draft CRs based on the proposals are provided in [1] and [2].
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