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Introduction

In Release 17, RAN2 has discussed the measurement gap enhancements and introduced three new kinds of measurement gaps, i.e. concurrent gap, pre-configured gap and network controlled small gap. In this contribution, we provide the discussion on the potential RAN3 impact of the measurement gap enhancements.
Discussion
Considering the CU-DU split architecture, the newly introduced measurement gap configuration over F1 should be discussed by the type of measurement gap, and some measurement gap assistance information should be transferred between gNB-CU and gNB-DU.
Concurrent Gap
The concurrent gap was introduced in RAN2#116-e meeting, multiple gap configurations (e.g. at most 3 gaps) can be configured for the UE. The NW shall configure a mandatory association between gap and dedicated use cases (e,g., PRS, SSB, CSI-RS, EUTRA) by indicating a gap ID in the measurement objective or measurement gap configuration (for PRS only). So, the UE is only required to perform the measurement associated to the gap during that gap occasion. The corresponding RAN2 agreements are given as below.
	RAN2#116-e:
RAN2 confirms the following understanding for concurrent gap operation:

1. Concurrent gaps are multiple measurement gaps and each gap pattern could be associated with one or multiple frequency layers.

2. Each frequency layer can be associated with only one of the concurrent gaps.

3. Without considering pre-configured MG, concurrent gaps are always activated if it is setup by the network.

4. No new gap pattern is introduced for concurrent gap, the existing R15/R16 gap pattern could be configured for the concurrent gaps.

RAN2#116bis-e:

Introduce multiple gap configuration in IE MeasGapConfig (i.e. by configuring multiple GapConfig).
For association between concurrent MG and measured frequencies: Indicate the associated gaps (via “gap ID”) in MO; (for PRS measurement, indicating in the association in MG configuration).


Observation 1: To align with RAN2’s progress, RAN3 shall support the concurrent gap configuration over F1.

To support the configuration of concurrent gap over F1, the gNB-CU shall send the indication to the gNB-DU whether the concurrent gap is to be used. Then, the gNB-CU shall decide the gap combination information, as shown in Table 1[1], and sent it to the gNB-DU. With this information, the gNB-DU shall generate the gap association and send it back to the gNB-DU. After receiving the gap association, the gNB-CU shall re-configure the measObject to link the measurement object with the associated measurement gap ID.
Table 1
	Combinations of different gap types for per-FR gap capable UE

	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	Supported when per-UE gap is associated to PRS measurement

	4
	0
	1
	1
	

	5
	1
	1
	1
	

	6
	0
	0
	1
	Supported

	7
	1
	1
	0
	Supported

	8
	1
	0
	0
	Supported

	9
	0
	1
	0
	Supported

	10
	2
	0
	0
	Supported

	11
	0
	2
	0
	Supported


Proposal 1: The gNB-CU shall send the indication to the gNB-DU whether the concurrent gap is to be used.
Proposal 2: The gNB-CU shall decide the gap combination information and send it to the gNB-DU, after that, the gNB-DU shall generate the gap association information and send it to the gNB-CU.
Pre-configured Gap
Regarding the pre-configured gap, it is a measurement can be pre-configured by NW, but it is not always used by the UE for measurement. In Release 17, RAN2 has introduced two kinds of mechanism for pre-configured gap, i.e. Network controlled mechanism and UE autonomous mechanism. The corresponding RAN2 agreements are given as below.
	RAN2#116bis-e:
Add 1 bit indication in gapConfig to indicate pre-configured measurement gap.

RAN2#117-e:

introduce separate UE capability for pre-configured measurement gap as follow: 

Pre-configured measurement gap with network-controlled activation and deactivation mechanism

Pre-configured measurement gap with UE autonomous activation and deactivation mechanism


For Network controlled mechanism, the NW can include per-BWP indications in active servings cell and per-cell indications in deactivated serving cells to decide the ON/OFF status of the pre-configured measurement gap. For UE autonomous mechanism, the UE can autonomously decide the ON/OFF status of the pre-configured measurement gap upon BWP switching, based on the defined rules in TS38.133. (e.g. whether the activated BWP contains the SSB/CSI-RS frequencies to be measured.)

Observation 2: To align with RAN2’s progress, RAN3 shall support the per-configured gap configuration over F1.

Considering the pre-configured gap configuration over F1, the gNB-CU shall send the indication to the gNB-DU whether the per-configured gap is to be used. While, for the selection of type of per-configured gap mechanism, there are two options over F1.

Option 1: The gNB-CU shall decide which mechanism to be used (i.e. Network controlled mechanism or UE autonomous mechanism) and send it to the gNB-DU. Then, the gNB-DU shall generate the per-configured gap.
Option 2: The gNB-DU shall decide the mechanism based on the UE capability and generate the per-configured accordingly.

Although both of the options could work, Option 2 has no impact on F1, which should be the solution to the pre-configured gap configuration over F1.

Proposal 3: The gNB-CU shall send the indication to the gNB-DU whether the pre-configured gap is to be used.

Proposal 4: The gNB-DU shall decide the per-configured gap mechanism and generate the pre-configured gap accordingly.
Network Controlled Small Gap (NCSG)
In Release 16, RAN2 introduced the NeedForGapInfoNR, which indicates whether the measurement gap is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured. 

	RAN2#109-e:
The use of dynamic Need for gaps is configured by RRC. 

The UE includes the NeedForGap signalling In RRC Resume Complete, The UE always includes it.

The UE includes the NeedForGap signalling In RRC Reconfiguration Complete, The UE includes the signalling if NeedForGap is changed.


While, in the current F1AP specification, this IE is not transferred between the gNB-CU and gNB-DU. To align with RAN2’s progress, the gNB-CU shall send the NeedForGapsInfoNR to the gNB-DU to indicate whether the measurement gap is required for the UE to perform SSB based measurements on a NR target band.
Proposal 5: Following RAN2’s progress in Release 16, RAN3 shall transfer the NeedForGapsInfoNR over F1.
In Release 17, in addition to the concurrent gap and pre-configured gap, RAN2 has also introduced the NCSG. It is a smaller gap than the normal gap. Similar to NeedforGap, a UE capability reporting based on RRCReconfigurationComplete and RRCResumeComplete messages is introduced. So, the UE can report whether to support ‘no-gap-no-interruption’, ‘ncsg’ or ‘gap’ for each target band to be measured based on UE’s current CA configuration via RRCReconfigurationComplete and RRCResumeComplete messages. The corresponding RAN2 agreements are given as below.
	RAN2#116bis-e:
Re-use the Rel-16 NeedForGap reporting like procedure for NCSG reporting:

- UE indicates capability on NCSG support in UE capability reporting (FFS on UE capability reporting details).  

- NW configures the NCSG reporting in RRCReconfiguration and RRCResume message.

- UE reports the NCSG capabilities in RRCReconfigurationComplete and RRCResumeComplete messages.

Detailed design Same as Rel-16 NeedForGap, support NCSG reporting for both intra-frequency and inter-frequency. FFS Inter RAT

RAN#118-e:

R2 think R17 UEs not capable of NCSG can use the R17 NeedForNCSG signalling mechanism to report “gap” or “nogap-noncsg”. FFS whether specific capability is needed for this. 


Observation 3: To align with RAN2’s progress, RAN3 shall support the NCSG configuration over F1.

Considering the NCSG configuration over F1, the gNB-CU shall send the indication to the gNB-DU whether the NCSG is to be used. Then, the gNB-CU shall transfer the NCSG Information to the DU to indicate whether the NSCG is required for the UE to perform SSB based measurements on a NR target band.
Proposal 6: The gNB-CU shall send the NSCG information to the gNB-DU to indicate whether the NSCG is required for the UE to perform measurements on a NR target band.
Conclusion
Observation 1: To align with RAN2’s progress, RAN3 shall support the concurrent gap configuration over F1.

Observation 2: To align with RAN2’s progress, RAN3 shall support the per-configured gap configuration over F1.

Observation 3: To align with RAN2’s progress, RAN3 shall support the NCSG configuration over F1.

Proposal 1: The gNB-CU shall send the indication to the gNB-DU whether the concurrent gap is to be used.
Proposal 2: The gNB-CU shall decide the gap combination information and send it to the gNB-DU, after that, the gNB-DU shall generate the gap association information and send it to the gNB-CU.
Proposal 3: The gNB-CU shall send the indication to the gNB-DU whether the pre-configured gap is to be used.

Proposal 4: The gNB-DU shall decide the per-configured gap mechanism and generate the pre-configured gap accordingly.
Proposal 5: Following RAN2’s progress in Release 16, RAN3 shall transfer the NeedForGapsInfoNR over F1.
Proposal 6: The gNB-CU shall send the NSCG information to the gNB-DU to indicate whether the NSCG is required for the UE to perform measurements on a target band.

The corresponding corrections for Rel-16 and Rel-17 are included in [2] and [3] respectively.
References

TS 38.133

R3-224618, Correction on measurement gap configuration over F1 in Rel-16, ZTE, China Unicom, Lenovo

[3] R3-224619, Correction on measurement gap configuration over F1 in Rel-17, ZTE, China Unicom, Lenovo
1
3

