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1. Introduction

In RAN4#87 meeting, the RRC indication for gap sharing was agreed in RAN4. Currently the gap sharing related content in TS 38.133 was described as below [1],

	Measurement gap sharing shall be applies when UE requires measurement gaps to identify and measure intra-frequency cells or when SMTC configured for intra-frequency measurement are fully overlapping with measurement gaps, and when UE is configured to identify and measure cells on inter-frequency carriers and inter-RAT carriers. When network signals “01”, “10” or “11”, where X is a signalled RRC parameter TBD and is defined as in Table 9.1.2-5,

- the performance of intra-frequency measurements with  no measurement gaps as specified in section 9.2.5, when SMTC configured for intra-frequency measurement are fully overlapping with measurement gaps, shall consider the factor Kintra = 1 / X * 100, 

- the performance of intra-frequency measurements with measurement gaps as specified in section 9.2.6  shall consider the factor Kintra = 1 / X * 100, 

- the performance of inter-frequency measurement as specified in section 9.3 and the performance of inter-RAT measurement as specified in section 9.4 shall consider the factor  Kinter = 1 / (100 – X) * 100, 

When network signals “00” indicating equal splitting gap sharing, X is not applied and the performance of intra-frequency measurements as specified in section 9.2.5 and section 9.2.6, the performance of inter-frequency measurement as specified in section 9.3 and the performance of inter-RAT measurement as specified in section 9.4 are FFS.
Table 9.1.2-5: Value of parameter X

Network signaling ParameterName (to be determined by RAN2)

Value of X (%)

‘00’

Equal splitting
‘01’

[25]
‘10’

[50]
‘11’

[75]



This contribution further discuss the equal splitting and how to capture the gap sharing factor into the measurements requirements.
2. Discussion
Measurement gaps shall be shared among the following four measurement types:

· Type 1: Intra-frequency measurement where SMTC occasions are fully overlapping with MG
· Type 2: Intra-frequency measurement with gaps: SSB is out of the operating BWP 
· Type 3: Inter-frequency measurement: All inter-frequency measurements are based on measurement gaps

· Type 4: Inter-RAT measurement: All inter-RAT measurements are based on measurement gaps

2.1. Equal splitting
The intention of introducing equal splitting is to set the equal priority of each frequency who participants in the gap sharing. There are several different methods of equal splitting during last meeting.

Scheme 1: Each frequency which participants in the gap sharing has the same opportunity. In other words, the gap sharing factor for each frequency is 100/Ngap_sharing where the Ngap_sharing is the total number of frequencies which participant in the gap sharing.
Ngap_sharing =Nintra-f_sharing+Ninter-f_sharing+ Ninter-RAT_sharing
Scheme 2: All intra- and inter-frequency and inter-RAT layers equally share this MG occasion where both intra-frequency and inter-frequency/inter-RAT Mos exist.
In scheme 2, the equal splitting of each layer is from MG perspective. The gap sharing percentage of one frequency layer will be recalculated for every MG and may be time-varying changed.
Scheme 3: PCC and PSCC have higher priority and the other intra-frequency, inter-frequency/inter-RAT frequency layers equally share the measurement gap occasion.
This method equivalently introduces a two-level gap sharing priority. For example, the PCC occupies 50% opportunity of measurement gap, and the other layers equally share the remaining 50% opportunity. In this method the gap percentage allocated to PCC and PSCC shall be carefully considered. Moreover so far it is also impossible to introduce new RRC signaling to prioritize the PCC/PSCC measurement.
Scheme 4: Intra- and inter-frequency and inter-RAT measurements equally share the MG occasion where both intra-frequency and inter-frequency/inter-RAT MOs exist.
The idea of scheme 4 is based on different measurement types (i.e., three measurement types: intra-frequency measurement, inter-frequency measurement and inter-RAT measurement). Each measurement type has 33% opportunity in the MG. and then the frequency layers in each measurement type equally share the 33% opportunities.
As we know, the motivation of introducing equal splitting is to set the equal priority and to simplify the gap sharing. So a simple and direct method is expected. In the above schemes, we prefer using scheme1 to specify equal splitting.

Proposal 1: For equal splitting, the gap sharing factor for each frequency is 100/Ngap_sharing where the Ngap_sharing is the total number of frequencies which participant in the gap sharing.

Ngap_sharing =Nintra-f_sharing+Ninter-f_sharing+ Ninter-RAT_sharing
2.2. Requirements with signaling factor X
When network signals “01”, “10” or “11”, the factor Kintra = 1 / X * 100 and Kinter = 1 / (100 – X) * 100 shall be applied to the corresponding intra-frequency measurement and inter-frequency/inter-RAT measurements. 
In the last several meeting cycles, a couple of solutions are proposed and have been fully discussed. Some companies raise the concern that the alternative 2 [R4-1805565] has a relaxed requirement. However alternative 3 has a stringent requirement. As a compromise, we propose another optimized scheme. This scheme is a combination of alternative 2 and alternative 3[R4-1805565].
Herein one example is given. As shown in Figure 1, there are 2 intra-frequency measurement carriers #A, #B, 3 inter-frequency measurement carriers #C, #D, #E and one inter-RAT measurement carrier #F, where the corresponding SMTC periodicity and offset are configured as (40ms, 0ms), (40ms, 0ms), (80ms, 0ms), (80ms, 40ms), (80ms, 0ms) and (80ms, 0ms), respectively.
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Figure 1. Example of gap sharing
If network indicates “01” for gap sharing, e.g., 25% (X=25) gaps are allocated for intra-frequency measurements, and 75% gaps are allocated for inter-frequency/inter-RAT measurements. It can be seen that carriers #A and #B are sharing the (25% *gap#1), the 3 carriers #C, #E and #F are sharing the left (75% *gap#1). The occupied measurement gap opportunities for each frequency and for each gap occasion is shown in Table 2.
Table 1. Occupied measurement gap opportunities
	 MO
	Gap#1
	Gap#2
	Gap#3
	Gap#4

	A
	X%*(1/2)
	X%*(1/2)
	X%*(1/2)
	X%*(1/2)

	B
	X%*(1/2)
	X%*(1/2)
	X%*(1/2)
	X%*(1/2)

	C
	(1- X%)*(1/3)
	0
	(1- X%)*(1/3)
	0

	D
	0
	(1- X%)
	0
	(1- X%)

	E
	(1- X%)*(1/3)
	0
	(1- X%)*(1/3)
	0

	F
	(1- X%)*(1/3)
	0
	(1- X%)*(1/3)
	0


Based on Table 1, for carrier #A, the scaling factor is 
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In summary, for intra-frequency measurements with gap or the intra-frequency measurements with SMTC occasion fully overlapping with MG,  the scaling factor in each frequency carrier is Kintra *Nscaling,carrier_i-intra, 
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· where 
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 denotes the gap index of j-th measurement occasion which are available for intra-frequency carrier #i within 160ms.

· 
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 denotes the total number of gaps which are available for intra-frequency carrier #i within 160ms. 

For inter-frequency/inter-RAT measurements, the scaling factor in each frequency carrier is Kinter *Nscaling,carrier_i-inter, 
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· where 
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 denotes the gap index of j-th measurement occasion which are available for inter-frequency/inter-RAT carrier #i within 160ms.
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 denotes the total number of gaps which are available for inter-frequency/inter-RAT carrier #i within 160ms. 
Proposal 2: For intra-frequency measurements with gap or the intra-frequency measurements with SMTC occasion fully overlapping with MG,  the scaling factor in each frequency carrier is Kintra *Nscaling,carrier_i-intra, 
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· where 
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 denotes the gap index of j-th measurement occasion which are available for intra-frequency carrier #i within 160ms.
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 denotes the total number of gaps which are available for intra-frequency carrier #i within 160ms. 

For inter-frequency/inter-RAT measurements, the scaling factor in each frequency carrier is Kinter *Nscaling,carrier_i-inter, 
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· where 
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 denotes the gap index of j-th measurement occasion which are available for inter-frequency/inter-RAT carrier #i within 160ms.
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 denotes the total number of gaps which are available for inter-frequency/inter-RAT carrier #i within 160ms. 

In addition, at last meeting, some company point out how to handle NR PCell/PSCell measurement prioritization over other intra-frequency measurements. For the case that both PCC/PSCC measurement and SCC measurement need gap, i.e., SSBs are out of the active BWP, only one carrier can be measured in one MG occasion. Thus in this case, it is no need to prioritize PCC/PSCC measurement over other SCC. 
The scenario that needs to consider to prioritize the PCC/PSCC measurement is scenario A [R4-1809353].
· Scenario A: 1a/1b. Fully overlapped between MG and SMTC in Type A/B

This scenario is intra-frequency without gap but fully overlap with MG. For FR1, there are two searchers. One searcher is for PCC/PSCC, and the other searcher is shared by all SCCs. The motivation is to reflect the high priority measurement of PCC/PSCC, however many cases need to be considered and the calculation of gap sharing proportion is very complicated. In the following, we just list some possible cases. It can be observed that in different cases, the gap sharing proportion of PCC/PSCC is different.
· Case1: measurement on PCC is scenario A; SCC #1&2 are scenario A; SCC #3, 4&5 are measurement type C (intra-frequency with gap) ( the gap sharing proportion of PCC is 
[image: image36.wmf]2

*%

5

X

.
· Case2: measurement on PCC is scenario A; SCC #3, 4&5 are measurement type C (intra-frequency with gap) ( the gap sharing proportion of PCC is 
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· Case 3: measurement on PCC is measurement type C; SCC #1&2 are in scenario A; SCC #3, 4&5 are measurement type C (intra-frequency with gap) ( the gap sharing proportion of PCC is 
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As the measurement gap sharing issue has been discussed for a long time and no clear consensus are reached until now, we suggest to focus on the most essential part at current stage, and the enhancement (like PCC/PSCC prioritization) will be considered at the latter stage.
Proposal 3: At current stage, we focus on the most essential part, the enhancement (like PCC/PSCC prioritization) will be considered at the latter stage.

3. Conclusions

This contribution provides the further consideration on measurement gap sharing. The following proposals are proposed:
Proposal 1: For equal splitting, the gap sharing factor for each frequency is 100/Ngap_sharing where the Ngap_sharing is the total number of frequencies which participant in the gap sharing.

Ngap_sharing =Nintra-f_sharing+Ninter-f_sharing+ Ninter-RAT_sharing
Proposal 2: For intra-frequency measurements with gap or the intra-frequency measurements with SMTC occasion fully overlapping with MG,  the scaling factor in each frequency carrier is Kintra *Nscaling,carrier_i-intra, 
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· where 
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· 
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 denotes the gap index of j-th measurement occasion which are available for intra-frequency carrier #i within 160ms.

· 
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 denotes the total number of gaps which are available for intra-frequency carrier #i within 160ms. 

For inter-frequency/inter-RAT measurements, the scaling factor in each frequency carrier is Kinter *Nscaling,carrier_i-inter, 
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 denotes the gap index of j-th measurement occasion which are available for inter-frequency/inter-RAT carrier #i within 160ms.
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 denotes the total number of gaps which are available for inter-frequency/inter-RAT carrier #i within 160ms. 
Proposal 3: At current stage, we focus on the most essential part, the enhancement (like PCC/PSCC prioritization) will be considered at the latter stage.

The accompany CR of gap sharing was provided in [R4-1810696].
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