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1 	Introduction
A new WID on further enhancements on NR measurement gap [1] has been approved in RP#89e. In this paper, the objective below in [1] was considered.
	The following objectives are considered in this WI:
(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· [bookmark: _Hlk95478656]Case 1: Pre-configured MGs and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is a pre-configured gap)
· Case 2: NCSG and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is NCSG)
· Note: Prioritization among other possible combinations of pre-configured MG, concurrent MG and NCSG can be discussed in WI phase





2 Discussion
2.1. Combination of Pre-configured MG and Concurrent MG
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In Rel17, these two aspects of MG enhancement were discussed orthogonally because of the time limited. However, it is feasible to include the pre-configured gap as one of instance of multiple concurrent gap pattern if UE supported as illustrated in Figure 1 below. That is one of gap instance of concurrent gaps can be pre-configured and activated/deactivated when UE needs to perform the measurements within the gap. 


Figure 1. Joint configurations of pre-MG and concurrent MGs


Proposal 1: The concurrent MGs can be pre-configured, but part of them can be activated depending on the rules defined in TS38.133[3] for the individual pre-configured MG.

On the other hand, only the activated pre-configured MG needs to be counted as an effective concurrent gap instance. Hence, there are following impacts on RRM requirements defined in Rel17 for concurrent gap[3,TS38.133].
 
Firstly, UE behavior when concurrent MGs were pre-configured need to be redefined. 
Proposal 2: Only the activated pre-MGs will be counted into the instances which could be overlapped with others when UE supports concurrent measurement gaps. 

Secondly, the other RRM impacts is the max number of concurrent MG to be supported can be same as these in Rel17 with some clarifications. 
Proposal 3: RRM requirements on the maximum number of UE supported concurrent gaps below need to be defined as: 

Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns [3]
	Gap Combination
Configuration Id 
	The number of simultaneous configured activated measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Note 2: For gap instances which are pre-configured they shall be activated.  




The additional RRM requirements impacted includes the Pre-MG activation delay in 8.19 of TS38.133[3]. In case of multiple activation procedures happened overlap, if the simultaneous activation is not allowed the extension on the delay requirements may be needed.


Figure 2. Concurrent gaps which can be simultaneously activated
Proposal 4: In case of the activation procedures of multiple pre-configured gaps being overlapped, the pre-configured gap activation delay requirements in [3] need to be extended.

The other RRM requirements defined in [3] for MG enhancement in Rel17 (e.g. trigger conditions, measurement reporting delay) can be independent.

In short summary, the potential RRM requirements impacted due to joint pre-MG and concurrent MGs in [3] can be listed in the table below.

	Clause in [3]
	RRM requirements 
	Impacted because of pre-MG + concurrent MG

	8.19
	Pre-configured measurement gap activation/deactivation delay
	Yes

	9.1.8.2 
	The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns
	Yes

	9.2.6
	Intra-frequency measurements with measurement gaps
	yes

	9.3.4
	[bookmark: _Hlk45205855]Inter-frequency measurement with measurement gaps
	Yes


 

2.2. Combination of NCSG and Concurrent MG
One question raised in Rel17 is whether the following scenario shall be supported [4].
	1) “One legacy perUE gap + one NCSG perUE gap 
This is postponed to joint discussion(NCSG + concurrent MG).
2) One legacy perUE gap + NCSG FR1 gap
This is postponed to joint discussion(NCSG + concurrent MG).
3) One legacy perUE gap + NCSG FR2 gap
This is postponed to joint discussion (NCSG + concurrent MG)



Regarding to the agreements in LS [4], we can propose
Proposal 5: The follow scenarios for NCSG and concurrent gaps jointly configured shall be considered.
· One legacy perUE gap + one NCSG perUE gap
· One legacy perUE gap + one NCSG perFR gap
As a result, RRM requirements on the maximum number below need to be updated also. 

Proposal 6: RRM requirements on the maximum number of UE supported concurrent gaps below when NCSG being configured as one of them can be defined as:
 Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap Note x
	Per-FR2 measurement gap Note x
	Per-UE measurement gap Note x

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Note x:  these measurement gaps can be the legacy gap and/or NCSG.  



2.3. Combination of NCSG and Pre-configured MG
It is also feasible to pre-configure NCSG and activate them when needed. That is one of gap instance of concurrent gaps can be pre-configured and activated/deactivated when UE needs to perform the measurements within the gap. 

Proposal 7: NCSG can be pre-configured and (de)activated by either UE autonomously or network signaling.

3 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI in Rel18 are discussed. The proposals can be summarized as:
Proposal 1: The concurrent MGs can be pre-configured, but part of them can be activated depending on the rules defined in TS38.133[3] for the individual pre-configured MG.
Proposal 2: Only the activated pre-MGs will be counted into the instances which could be overlapped with others when UE supports concurrent measurement gaps. 
Proposal 3: RRM requirements on the maximum number of UE supported concurrent gaps below need to be defined as: 

Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns [3]
	Gap Combination
Configuration Id 
	The number of simultaneous configured activated measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Note 2: For gap instances which are pre-configured they shall be activated.  



Proposal 4: In case of the activation procedures of multiple pre-configured gaps being overlapped, the pre-configured gap activation delay requirements in [3] need to be extended.
Proposal 5: The follow scenarios for NCSG and concurrent gaps jointly configured shall be considered.
· One legacy perUE gap + one NCSG perUE gap
· One legacy perUE gap + one NCSG perFR gap
· Proposal 6: RRM requirements on the maximum number of UE supported concurrent gaps below when NCSG being configured as one of them can be defined as:
·  Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap Note x
	Per-FR2 measurement gap Note x
	Per-UE measurement gap Note x

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Note x:  these measurement gaps can be the legacy gap and/or NCSG.  



Proposal 7: NCSG can be pre-configured and (de)activated by either UE autonomously or network signaling.
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