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1. Introduction

For SSB based inter-frequency measurement requirements, the methodologies of defining the scaling factor CSFinter for multiple frequency layers were discussed and no conclusion was achieved. In this contribution, we provide our analysis on how to define the scaling factor CSFinter for multiple frequency layers.

2. Discussion
2.1. Scaling factor CSFinter for multiple MOs

In previous meetings, several methodologies of defining the scaling factor CSFinter were proposed. One proposed methodology considered that the number of SMTC windows within one measurement gap is not always the same. Measurement gaps are shared by different measurement objects.
For example, as shown in figure 1, there are 6 measurement objects (MOs) #A, #B, #C, #D, #E and #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.
It can be seen that the gap set1 {2n, n=0, 1, 2,…} are shared among measurement objects #A/B/C/E/F and gap set2 {2n+1, n=0, 1, 2,…} are shared among frequency layer #A/B/D. Within gap set1, 5 measurement objects can be round robin allocated. Within gap set2, 3 measurement objects can be round robin allocated.
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Figure 1: Example of SMTC pattern with 6 MOs
Assuming that the measurement gaps in set1 are round robin allocated with pattern {A, B, C, E, F} and the measurement gaps in set2 are round robin allocated with pattern {A, B, D}. Then, the gap allocation pattern can be shown in figure 2.
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Figure 2: Example #1 of gap allocation pattern with 6 MOs
The measurement object #A is scheduled in gap set1 every 10 SMTC periods and scheduled in gap set2 every 6 SMTC periods. The gap allocation pattern for measurement object #A is repeated by every 30 SMTC periods. Within every 30 SMTC periods, there are 8 measurement occasions allocated to measurement object #A. The time interval between two successive measurement occasions for measurement object #A can be from 1, 3, 5 or 6 SMTC periods. The measurement gaps allocated for measurement object #A are non-uniform distributed in time domain. According to Alt3 in [1], the scaling factor CSFinter for a measurement object is the reciprocal of the average probability that a gap is allocated to the measurement object. The average probability that a gap is allocated to measurement object #A is 4/15 (= (1/3+1/5)/2), and the scaling factor CSFinter for measurement object #A is 15/4. If the number of measurement samples is 4, then measurement delay for measurement object #A will be 15 (=4*15/4) SMTC periods. However, it cannot be guaranteed that there are always 4 measurement samples within 15 SMTC periods.
Observation 1: For inter-frequency measurement, the measurement occasions allocated to a MO could be non-uniform distributed in time domain, especially for MOs with short SMTC periodicity.

Hence, the measurement delay requirements based on Alt3 are too tighten for some MOs with short SMTC periodicity and some relaxation shall be considered.

For measurement object #A, the maximum time interval between two successive measurement occasions is 6 and equals to the number of measurement objects (including measurement object #A) whose SMTC occasions are fully or partially overlapped with SMTC occasions of measurement object #A. If the scaling factor CSFinter for measurement object #A is defined as 6, then at least one measurement sample can be guaranteed during any 6 SMTC periods. Therefore, at least M measurement sample can be guaranteed during any 6M SMTC periods.
So, the scaling factor CSFinter for a measurement object can be defined as the number of measurement objects that is contained within a gap allocated to the measurement object.
For measurement object #A, the gaps in both set1 and set2 can be allocated. The gaps in set1 are shared by measurement object #A and other 4 measurement objects, and probability that a gap in set1 is allocated to measurement objects #A is 1/5. The gaps in set2 are shared by measurement object #A and other 2 measurement objects, and the probability that a gap in set2 is allocated to measurement object #A is 1/3. When the required measurement samples are more two, if the scaling factor CSFinter for measurement object #A is defined as 5, then at least M measurement samples can be guaranteed within 5M SMTC periods.

For multiple-shot measurements, the scaling factor CSFinter for a measurement object can be defined as the maximum number of measurement objects that are contained within a gap allocated to the measurement object.
Proposal 1: For SSB based inter-frequency measurements, the scaling factor CSFinter for measurement object #i can be defined as:

· Option 1:
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Where,
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 is the number of measurement objects whose measurement occasions are fully colliding with the measurement occasions of measurement object #i.
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 is the number of measurement objects whose measurement occasions are partially colliding with the measurement occasions of measurement object #i.

If an inter-RAT measurement object is configured to use the same measurement gaps with measurement object #i, then measurement object #i is considered as being fully colliding with this inter-RAT measurement object.
· Option 2:
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Where,

The values of 
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 denotes the gap index of j-th measurement occasion which are available for measurement object #i within 160ms.
The values of 
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 denotes the total number of gaps which are available for measurement object #i within 160ms. 

If an inter-RAT measurement object is configured to use the same measurement gaps with measurement object #i, then all the measurement gaps are considered as being available for this inter-RAT measurement object.
The measurement delay requirements based on option 2 can be applied only for multiple-shot measurements, while the measurement delay requirements based on option 1 can be applied for both single-shot measurement and multiple-shot measurements. Hence, we prefer to derive the measurement delay requirements based on option 1.
2.2. AGC issues

For inter-frequency measurements, it was agreed that the AGC margin shall be considered for. If the time interval between two measurement samples was too long, the total received signal strength difference between two measurement samples may be quite large and ACG gain used for previous measurement sample may not be suitable for the next measurement sample. UE need at least one additional SMTC occasion to perform AGC settling before performing RRM related measurements. As shown in figure 2, it can be observed that the time interval between two successive measurement occasions for measurement object #C/E/F is 5 SMTC period, one additional SMTC occasion are needed for each measurement sample. 

One scheme is to allocate a pair of continuous measurement opportunities for each measurement sample, one for AGC settling and one for RRM measurements. Under this duplicated allocation scheme, the measurement gaps in set1 can be round robin allocated with pattern {A, A, B, B, C, C, E, E, F, F} and the measurement gaps in set2 can be round robin allocated with pattern {A, A, B, B, D, D}. Then, the gap allocation pattern can be shown in figure 3.
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Figure 3: Example #2 of gap duplicated allocation pattern with 6 MOs
According to figure 3, the time interval between the pair of measurement opportunities for one measurement sample will not exceed to 160ms. Under this duplicated allocation scheme, the requirements on measurement delay shall also be doubled.
Proposal 2: For SSB based inter-frequency measurements, the measurements delay requirements for measurement object #i can be defined as Table 1 for non-DRX and defined as Table 2 for DRX.

Table 1: SSB inter-frequency measurement requirements for non-DRX
	Time period
	Frequency range
	Requirements

	PSS/SSS detection
	FR1
	5 ×2 × max(MGRP, SMTC period)×
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	FR2
	5 ×2 × N1 × max(MGRP, SMTC period) ×
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	SSB index detection
	FR1
	3 ×2 × max(MGRP, SMTC period) ×
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	FR2
	5 ×2 × N2× max(MGRP, SMTC period) ×
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	Measurement period
	FR1
	5 ×2 × max(MGRP, SMTC period) ×
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	FR2
	5 ×2 × N3× max(MGRP, SMTC period) ×
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Table 2: SSB inter-frequency measurement requirements for DRX
	Time period
	Frequency range
	DRX cycle
	Requirements

	PSS/SSS detection
	FR1
	≤ 320ms
	1.5 × 5 ×2 × max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	5 ×2 × DRX cycle ×
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	FR2
	≤ 320ms
	1.5 × 5 ×2 × N1 × max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	5 ×2 × N1 × DRX cycle ×
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	SSB index detection
	FR1
	≤ 320ms
	1.5 × 3 ×2 × max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	3 ×2 ×DRX cycle ×
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	FR2
	≤ 320ms
	1.5 × 5 ×2 × N2× max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	5 ×2 × N2× DRX cycle ×
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	Measurement period
	FR1
	≤ 320ms
	1.5 × 5 ×2 × max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	5 ×2 × DRX cycle ×
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	FR2
	≤ 320ms
	1.5 × 5 ×2 × N3 × max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	5 ×2 × N3 × DRX cycle ×
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3. Conclusions

This contribution provides some analysis on four alternatives of defining inter-frequency requirement in NR. The following observation and proposal are given: 
Observation 1: For inter-frequency measurement, the measurement occasions allocated to a MO could be non-uniform distributed in time domain, especially for MOs with shorter SMTC periodicity.

Proposal 1: For SSB based inter-frequency measurements, the scaling factor CSFinter for measurement object #i can be defined as:

· Option 1: (Preferred)
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Where,
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 is the number of measurement objects whose measurement occasions are fully colliding with the measurement occasions of measurement object #i.


[image: image34.wmf],_,

freqMOipartially

N

 is the number of measurement objects whose measurement occasions are partially colliding with the measurement occasions of measurement object #i.

If an inter-RAT measurement object is configured to use the same measurement gaps with measurement object #i, then measurement object #i is considered as being fully colliding with this inter-RAT measurement object.
· Option 2:
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Where,

The values of 
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The value of 
[image: image38.wmf]j

MO

k

N

 denotes the total number of measurement objects whose measurement occasions are contained in gap #
[image: image39.wmf]j

k

.

The values of 
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 denotes the gap index of j-th measurement occasion which are available for measurement object #i within 160ms.
The values of 
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 denotes the total number of gaps which are available for measurement object #i within 160ms. 

If an inter-RAT measurement object is configured to use the same measurement gaps with measurement object #i, then all the measurement gaps are considered as being available for this inter-RAT measurement object.
Proposal 2: For SSB based inter-frequency measurements, the measurements delay requirements for measurement object #i can be defined as Table 1 for non-DRX and defined as Table 2 for DRX.

Table 1: SSB inter-frequency measurement requirements for non-DRX
	Time period
	Frequency range
	Requirements

	PSS/SSS detection
	FR1
	5] ×2 × max(MGRP, SMTC period)×
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	FR2
	5 ×2 × N1 × max(MGRP, SMTC period) ×
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	SSB index detection
	FR1
	3 ×2 × max(MGRP, SMTC period) ×
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	FR2
	5 ×2 × N2× max(MGRP, SMTC period) ×
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	Measurement period
	FR1
	5 ×2 × max(MGRP, SMTC period) ×
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	FR2
	5 ×2 × N3× max(MGRP, SMTC period) ×
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Table 2: SSB inter-frequency measurement requirements for DRX
	Time period
	Frequency range
	DRX cycle
	Requirements

	PSS/SSS detection
	FR1
	≤ 320ms
	1.5 × 5 ×2 × max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	5 ×2 × DRX cycle ×
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	FR2
	≤ 320ms
	1.5 × 5 ×2 × N1 × max(MGRP, SMTC period, DRX cycle) ×
[image: image50.wmf]int,_

erMOi

CSF



	
	
	> 320ms
	5 ×2 × N1 × DRX cycle ×
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	SSB index detection
	FR1
	≤ 320ms
	1.5 × 3 ×2 × max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	3 ×2 ×DRX cycle ×
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	FR2
	≤ 320ms
	1.5 × 5 ×2 × N2× max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	5 ×2 × N2× DRX cycle ×
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	Measurement period
	FR1
	≤ 320ms
	1.5 × 5 ×2 × max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	5 ×2 × DRX cycle ×
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	FR2
	≤ 320ms
	1.5 × 5 ×2 × N3 × max(MGRP, SMTC period, DRX cycle) ×
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	> 320ms
	5 ×2 × N3 × DRX cycle ×
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