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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In our previous paper [1], we give some observations and evaluation results to address the issue of inter-frequency measurement requirement Alt. 3: UE can’t always obtain sufficient sample number in a measurement period. Considering the difficulty of listing all the fail cases in the spec, in this paper we propose the modified version of Alt. 3 to solve this issue. The idea is borrowed from Alt. 2 but still based on the assumption that gap occasion based round-robin inter-frequency measurement scheduling method [2] is used. 
2	Inter-frequency Measurement Requirement
Based on the agreement in RAN4 #AH1807 meeting, gap sharing factors are only applied on gap occasions that both intra-frequency and inter-frequency/inter-RAT MOs exist. The inter-frequency measurement requirement needs to distinguish the gap occasions that need the gap sharing factors or not. The principle of modified Alt. 3 has addressed this issue in the formula as follows: 

                       where    
Detail definition of each parameter can be found in Appendix A. The scaling factor  considers 
· the number of observed MOs in each gap occasion, and
· the type (intra-freq. or inter-freq.) of observed MOs in each gap occasion. 
The scaling factor can be interpreted as an inverse of the average measurement opportunity of target MO #i. 

We first explain the equation of scaling factor  that only considers the number of observed MOs. Assume that there is no intra-frequency exist, and SMTC configurations (periodicity, offset) of 3 measurement objects (MOs) are f1 inter (20, 0), f2 inter (80, 0), and f3 inter (40, 0) with unit of ms. MGRP is 20ms with offset 0ms. We then can conclude that there are 3 gap occasion patterns shown as follows:
•	Pattern 1: f1, f2, and f3 can be observed. 
            The number of competitive inter-freq. layers is .
•	Pattern 2: only f1 can be observed.
            The number of competitive inter-freq. layers is .
•	Pattern 3: f1 and f3 can be observed.
            The number of competitive inter-freq. layers is .


[bookmark: _MON_1599692289][bookmark: _MON_1599637819]Table 1: An example of gap occasion pattern based gap scaling factor  Based on the original rules of alt. 3 [2], for frequency layer #i,  and the scaling factor will be
·    
·    
·    

Above scaling factors denote the inverse of the average measured opportunities of measured MO. However, as we explain in our previous paper [1], an average value means that UE does not always get an exact number in every measurement period. Sometimes more, but some time less. To address this problem and also to provide a compromise solution between Alt.2 and Alt.3, we suggest to assume lowest measurement opportunity to calculate the scaling factor, i.e., use largest number of competitive inter-freq. layers  to calculate corresponding scaling factor

Above rules can guarantee that UE always has sufficient samples to measure each MO, and the reporting delay for each frequency layer is (assume no DRX):
· 
· 
· 

We then consider the cases that both intra-frequency layer and inter-frequency layer exist. Assume that SMTC configurations (periodicity, offset) of 3 measurement objects (MOs) are f1 intra (20, 0), f2 intra (80, 0), and f3 inter (40, 0) with unit of ms. MGRP is 20ms with offset 0ms. The 3 gap occasion patterns are shown as follows:
· Pattern 1: f1, f2, and f3 can be observed.
· Pattern 2: only f1 can be observed.
· Pattern 3: f1 and f3 can be observed.

Assume that gap sharing factors are Kintra=2 and Kinter=2. Based on the agreed rule -- gap sharing factors are only applied on pattern 1 and pattern 3. 
· For pattern 1: 
· 50% gap occasions are used to measure the intra-freq. layer. The number of competitive intra-freq. layers is . 
· 50% gap occasions are used to measure the inter-freq. layer. The number of competitive inter-freq. layers is . 
· For pattern 2: 
· Gap occasions are not shared. The number of competitive intra-freq. layers is , 100% gap occasions are used to measure the intra-freq. layer.
· For pattern 3: 
· 50% gap occasions are used to measure the intra-freq. layer. The number of competitive intra-freq. layers is . 
· 50% gap occasions are used to measure the inter-freq. layer. The number of competitive inter-freq. layers is . 
In order not to restrict the UE measurement behavior and provide sufficient samples, the maximal number of competitive intra-freq. layers is counted by   and the maximal number of competitive inter-freq. layers is counted by . The final  for each frequency layer is:
· 
· 
· 
And the reporting delay for each frequency layer is (assume it is non-DRX mode):
· 
· 
· 
That provides sufficient margin for UE to conduct both the intra-freq. and inter-freq. measurements. The corresponding values of all parameters are listed in Table 2. 

[bookmark: _MON_1599685995]Table 2: An example of gap occasion pattern based gap sharing scheme. 

The relaxation of counting the number of competitive frequency layers can provide UE flexibility on scheduling. Therefore, we propose   
[bookmark: _Ref514664020][bookmark: _Ref521427809][bookmark: _Ref521427869][bookmark: _Ref521427900][bookmark: _Ref521427735][bookmark: _Ref521427670][bookmark: _Ref521271611][bookmark: _Ref510482977][bookmark: _Ref514060750]Proposal 1: The average measurement opportunity  of inter-frequency measurement requirement Alt.3 is replaced with lowest measurement opportunity. When it doesn’t need gap sharing in gap occasion #j , where 
When it needs gap sharing in gap occasion #j, 
for an intra-frequency layer #i 
, where 
and for for an inter-frequency layer #i
, where .
 
 
3	Inter-frequency Measurement Requirement in DRX Mode
In RA2#99 meeting, DRX configuration for EN-DC was discussed. In general, the principle of separate DRX configurations in LTE-DC was applied in EN-DC. When UE conducts the intra-frequency measurement, it is intuitive that the requirement follows the DRX configured to the cell groups that the serving cell is located. However, when UE conducts the inter-frequency measurement, which DRX configuration to be used for the measurement requirement become more complicated. For example: 
1. When both MCG and SCG exist, and MN configures a measurement object in FR2. UE need to use an RF chain in SCG to measure this frequency.
2. When both MCG and SCG exist, and SN configures a measurement object in FR1. It is a UE implementation to use an RF chain in MCG or SCG to measure this frequency. 
Above are two cases that one RF chain might need to meet the requirements based on 2 different DRX cycles. In [3], we have shown the evaluation on UE power consumption with 2 different DRX configuration assumptions and concluded that up to 13.5% additional UE power is consumed. Although separate DRX configurations are provided from MN and SN, the information can be exchanged between them. UE vendors understand the difficulty of DRX cycles alignment for Network. To accommodate the high power consumption issue, which might cause bad UE experience, we suggest RAN4 to define the minimum requirement and give UE flexibility to enter the power saving mode.  
[bookmark: _Ref521271624]Proposal 2: RAN4 to define the minimum requirement in DRX mode and provide UE flexibility to enter the power saving mode.

RAN4 should clarify which DRX configuration will be used in the inter-frequency measurement requirement. Two principles are suggested: 
1. Requirements should not limit the UE implementation. 
2. Requirements should consider the UE power consumption.
Therefore, we list all the possible situations in Table 3.
[bookmark: _Ref514104631][bookmark: _Ref506377658][bookmark: _Ref514060775]Proposal 3: For inter-frequency measurement, the delay relay requirement follows the DRX table shown below 
Table 3: Rule to select DRX cycle configured by MN or SN.
	DRX On/Off
	MO configured by MN
	MO Configured by SN

	DRXMN
	DRXSN
	
	

	ON
	OFF
	DRXMN
	DRXMN

	OFF
	ON
	DRXSN
	DRXSN

	ON
	ON
	Max{ DRXMN, DRXSN }



4	Summary 
In this contribution, we propose 
Proposal 1: The average measurement opportunity  of inter-frequency measurement requirement Alt.3 is replaced with lowest measurement opportunity. When it doesn’t need gap sharing in gap occasion #j , where 
When it needs gap sharing in gap occasion #j, 
for an intra-frequency layer #i 
, where 
and for for an inter-frequency layer #i
, where .

Proposal 2: RAN4 to define the minimum requirement in DRX mode and provide UE flexibility to enter the power saving mode.

Proposal 3: For inter-frequency measurement, the delay relay requirement follows the DRX table shown below 
Table 3: Rule to select DRX cycle configured by MN or SN.
	DRX On/Off
	MO configured by MN
	MO Configured by SN

	DRXMN
	DRXSN
	
	

	ON
	OFF
	DRXMN
	DRXMN

	OFF
	ON
	DRXSN
	DRXSN

	ON
	ON
	Max{ DRXMN, DRXSN }
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6	Appendix A 
For UE configured with the E-UTRA-NR dual connectivity operation, the effective total number of frequencies being monitored is N’freq, NSA, which is defined as:
N’freq, NSA = Nfreq, NSA + Nfreq, NSA, gap_based_intra-freq,
where
Nfreq, NSA is defined in Section 9.1.3.1.
Nfreq, NSA, gap_based_intra-freq is the number of NR intra-frequency carriers being monitored within the measurement gap 
The scaling value CSFwithin_gap_i below have been derived without considering the BSIC verification of GSM inter-RAT carriers or the phase for BSIC initial search.

For UE which supports and is configured with per FR gap, CSFwithin_gap_i is defined on a per frequency range basis, considering the gap pattern and carriers configured in the relevant frequency range. For UE which is configured with per UE gap, CSFwithin_gap_i is defined considering the per UE gap pattern and all configured carriers.
Considering that there are N'freq,NSA carriers to be measured, denote each carrier with index i where i={0…N’freq,NSA-1}
Determine the gap utilization reputation period G
	G=max(MGRP, SMTC period0, … SMTC periodi , PRS period1,…)) 
Let J= G/MGRP, and denote each gap in the period G with index j where j={0,…, -1}
For each carrier i, and each gap j, determine if the carrier i is a candidate to be measured in the measurement gap j, considering its SMTC configuration. 
An NR carrier is a candidate to be measured if its SMTC occasion at least partially coincides in time with the considered measurement gap excluding RF switching time.
The result of this determination is
	 if carrier i is a candidate to be measured in gap j
	 otherwise
For each measurement gap, count the number of competing measurement objects according to
	
If measGapSharingScheme is not “Equal splitting”, for each measurement gap, count the number of competing intra-frequency measurement objects according to 
	 
	 

For each measurement gap j and each carrier i, compute the assumed measurement scaling factor according to the following 
(1) If λi,j=1 and carrier i involves an LTE RSTD measurement [or GSM BSIC verification measurement] with periodicity Tprs larger than largest configured NR SMTC periodicity then 
		 and  for all k≠i, and 
     do not evaluate rules (2), (3), (4) and (5), for gap j. 
(2) If , measGapSharingScheme is not “Equal splitting” and and , and carrier i is an intra-frequency measurement object then   
    , where .
(3) If , measGapSharingScheme is not “Equal splitting” and and , and carrier i is an inter-frequency/inter-RAT measurement object then  
     , where .
(4) If  and measGapSharingScheme is “Equal splitting” then
     , where .
(5) If   then  
            .

For each carrier i, compute the total number of measurement opportunities according to
	
The scaling factor for carrier i is then determined according to
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		Gap conduct 
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