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1. Introduction

In last RAN4 meeting, four alternatives for defining SSB-based inter-frequency measurement requirements were provided by companies. In this contribution, we provide our analysis on the impacts of these four alternatives.

2. Discussion
In this section, our discussion is based on the assumption that no DRX is used.

For EN-DC, UE perform measurements on monitored frequency layers within measurement gaps. The monitored frequency layers include NR carriers, LTE carriers, UMTS carriers and GSM carriers, and the corresponding carrier number can be assumed as 
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. Then, the total number of monitored frequency layers 
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The methodology of defining NR inter-frequency measurement requirements shall consider that measurement gaps are shared among NR carriers and inter-RAT (LTE/UMTS/GSM) carriers. 

In RAN4, it was agreed in [1] to investigate four alternatives. For Alt 1, a unified requirement is defined among different carriers. For Alt 2/3/4, the requirements are per-carrier defined. The delay requirement for each carrier is derived by scaling the single carrier measurement delay for corresponding carrier. However, the principles on scaling factor calculation is different for Alt 2/3/4. The details of these four alternatives are provided in [2, 3, 4, 5].
It is assumed that the single carrier measurement delay for NR/LTE/UMTS/GSM can be denoted as 
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 respectively, which can be expressed as:

[image: image11.wmf],

=Max(SMTC, MGRP)

basicNRNR

TM

´



[image: image12.wmf],

=MGRP

basicLTELTE

TM

´



[image: image13.wmf],

=MGRP

basicUMTSUMTS

TM

´



[image: image14.wmf],

=MGRP

basicGSMGSM

TM

´


In current specification of TS36.133, the measurement requirements for LTE/UMTS/GSM carriers are defined as:
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2.1. Impacts on specification

· Measurement Requirements Based on Alt 1
According to the methodology for Alt 1, the unified delay requirement for all carriers equals to the summation of the measurement delays on each single carrier. The measurement requirement for all NR inter-frequency carriers can be expressed as 
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Based on the principles of Alt 1, the measurement requirement for all LTE/UMTS/GSM carriers also equals to 
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. Once the SMTC periodicity of an NR carrier is reconfigured, then the value of 
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 will be impacted. So, the measurement requirement for an LTE/UMTS/GSM carrier relies on SMTC configuration for NR carriers. It is obvious that the current measurement requirements for LTE/UMTS/GSM carriers could not be applied if Alt 1 was used.
· Measurement Requirements Based on Alt 2
According to the methodology for Alt 2, the scaling factor for a measured carrier is per-carrier defined and is determined by the number of carriers whose measurement occasions are fully or partially overlapped with the measured carrier. The measurement requirement for NR carrier #i can be expressed as 
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Where, 
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 is scaling factor of NR carrier #i, and 
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is the number of NR carriers whose SMTC occasions are fully colliding with the SMTC occasions of NR carrier #i. 
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is the number of NR carriers whose SMTC occasions are partially colliding with the SMTC occasions of NR carrier #i. 
The measurements on an LTE/UMTS/GSM carrier can be performed within each measurement gap. The measurement occasions of an LTE/UMTS/GSM carrier are fully or partially colliding with all the other carriers. Hence, the scaling factor for an LTE/UMTS/GSM carrier equals to 
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, which is only related to the number of NR carriers and is independent of SMTC configuration for NR carriers. Hence, there is no impacts on current requirements of LTE inter-frequency and inter-RAT measurement in TS36.133.
· Measurement Requirements Based on Alt 3
According to the methodology for Alt 3, the scaling factor for a measured carrier is per-carrier defined and is determined by the average measurement probability of the measured carrier. The measurement requirement for NR carrier #i can be expressed as 
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Where, 
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 is the scaling factor of NR carrier #i. 
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 is the average measurement probability for NR carrier #i. 
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 is the number of available gaps for NR carrier #i within one gap utilization reputation period. The measurement gap #j contains measurement occasions from 
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Based on the principles of Alt 3, the average measurement probability for each LTE/UMTS/GSM carrier is impacted by SMTC configuration for NR carriers. So, the measurement requirement for an LTE/UMTS/GSM carrier relies on SMTC configuration for NR carriers. Thus, the current measurement requirements for LTE/UMTS/GSM carriers for EN-DC in TS36.133 could not be applied if Alt 3 was used.
· Measurement Requirements based on Alt 4
According to the methodology for Alt 4, the scaling factor for a measured carrier is per-carrier defined. The carriers configured by shorter SMTC periodicity have higher priority than the carriers configured by longer SMTC periodicity. The measurement requirement for NR carrier #i can be expressed as 
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where, SMTC periodicity for NR carrier #i equals to 
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 is the number of NR carriers whose SMTC periodicity equals to 
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 and is related to the SMTC configuration for NR carriers.
It can be observed that the measurement requirement for an LTE/UMTS/GSM carrier is as same as the requirement for NR carrier whose SMTC periodicity equals to MGRP. Based on the principles of Alt 4, the measurement requirement for an LTE/UMTS/GSM carrier relies on SMTC configuration for NR carriers. The current measurement requirements for LTE/UMTS/GSM carriers for EN-DC in TS36.133 could not be applied if Alt 4 was used.
Observation 1: For EN-DC operation, the measurement requirements for LTE/UMTS/GSM carriers according to Alt 1/3/4 would rely on SMTC configuration for NR carriers.

Observation 2: If the methodology of Alt 1/3/4 was used for defining NR inter-frequency measurement requirements, then current inter-frequency and inter-RAT measurement requirements for EN-DC in TS36.133 would be impacted.

Observation 3: For EN-DC operation, the measurement requirements for LTE/UMTS/GSM carriers according to Alt 2 is only related to the number of NR carriers.

Observation 4: If the methodology of Alt 2 was used for defining NR inter-frequency measurement requirements, there is no impacts on the current inter-frequency and inter-RAT measurement requirements for EN-DC in TS36.133.
2.2. Gap utilization
The SMTC periodicity and offset for NR carriers is carrier-specific configured. For example, Figure 1 shows a measurement gap pattern which is configured for three inter-frequency carriers.
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Figure 1: Example for inter-frequency SMTC and gap pattern with 3 layers
For Alt 1, one implementation for gap utilization can be shown in Figure 2. It can be observed that measurement gaps allocated for each NR carrier can be uniformed distributed. However, there some measurement gap are not utilized.
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Figure 2: Example for gap utilization pattern according to Alt 1
Observation 5: For Alt 1, some of measurement gaps may not be utilized for inter-frequency measurements.

According to Alt 2, the scaling factor for carrier #1/2/3 equals to {3, 2, 2} respectively. According to Alt 3, the scaling factor for carrier #1/2/3 equals to {2, 2, 2} respectively. For Alt 2 and 3, one implementation for gap utilization can be shown in Figure 3. The measurement gaps allocated for NR carrier with shorter SMTC periodicity cannot be uniformed distributed. The time interval between two successive gaps allocated for carrier #1 equals to 1×SMTC period or 3×SMTC period.

In Alt 2, the measurement requirements for carrier #1 are defined with some relaxation, since the available sample number for carrier #1 may be more than the required sample number.
In Alt 3, the measurement requirements for carrier #1 may not be suitable when the required sample number equals to an odd number. Such as, when the required sample number equals to 3, the measurement delay will be defined as 6×SMTC period. However, it can be observed from Figure 3 that there may be 2 available samples within 6×SMTC period.
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Figure 3: Example for gap utilization pattern according to Alt 2 and Alt 3
Observation 6: For Alt 2, the measurement delay requirements for inter-frequency carrier with shorter SMTC periodicity is defined with some relaxation.

Observation 7: For Alt 3, the measurement delay requirements for inter-frequency carrier with shorter SMTC periodicity might not guarantee the required number of measurement samples.
According to Alt 4, the scaling factor for carrier #1/2/3 equals to {4/3, 4, 4} respectively. For Alt 4, one implementation for gap utilization can be shown in Figure 4. More measurements gaps are allocated to the carrier with shorter SMTC periodicity. The measurement gaps allocated for NR carrier with shorter SMTC periodicity cannot be uniformed distributed. The time interval between two successive gaps allocated for carrier #1 equals to 1×MGRP or 2×MGRP, while the time interval between two successive gaps allocated for carrier #2/3 equals to 8×MGRP.
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Figure 4: Example for gap utilization pattern according to Alt 4
Observation 8: For Alt 4, the measurement delay requirements for inter-frequency carrier with longer SMTC periodicity will be much larger than the measurement delay requirements for inter-frequency carrier with shorter SMTC periodicity.

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 EN-DC operation, the measurement requirements for LTE/UMTS/GSM carriers according to Alt 1/3/4 would rely on SMTC configuration for NR carriers.

Observation 2: If the methodology of Alt 1/3/4 was used for defining NR inter-frequency measurement requirements, then current inter-frequency and inter-RAT measurement requirements for EN-DC in TS36.133 would be impacted.

Observation 3: For EN-DC operation, the measurement requirements for LTE/UMTS/GSM carriers according to Alt 2 is only related to the number of NR carriers.

Observation 4: If the methodology of Alt 2 was used for defining NR inter-frequency measurement requirements, there is no impacts on the current inter-frequency and inter-RAT measurement requirements for EN-DC in TS36.133.

Observation 5: For Alt 1, some of measurement gaps may not be utilized for inter-frequency measurements.

Observation 6: For Alt 2, the measurement delay requirements for inter-frequency carrier with shorter SMTC periodicity is defined with some relaxation.

Observation 7: For Alt 3, the measurement delay requirements for inter-frequency carrier with shorter SMTC periodicity might not guarantee the required number of measurement samples.
Observation 8: For Alt 4, the measurement delay requirements for inter-frequency carrier with longer SMTC periodicity will be much larger than the measurement delay requirements for inter-frequency carrier with shorter SMTC periodicity.

Based on the above observations on four alternatives, the following is proposed.

Proposal 1: For SSB based RRM measurement, the measurements delay requirements for NR inter-frequency carrier #i could be defined as 
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Where,
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 is the value of SMTC periodicity configured for NR carrier #i, and M is the number of required measurement samples.
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 is the number of NR carriers whose SMTC occasions are fully colliding with the SMTC occasions of NR carrier #i.
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 is the number of NR carriers whose SMTC occasions are partially colliding with the SMTC occasions of NR carrier #i.


[image: image48.wmf],

freqLTE

N

, 
[image: image49.wmf],

freqUMTS

N

 and 
[image: image50.wmf],

freqGSM

N

 denotes the number of LTE frequency layers, UMTS frequency layers and GSM frequency layers.
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5. Appendix
The scaling factor 
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 used in Alt 4 is defined as:
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	Parameter
	Detail

	SMTC_X
	The SMTC periodicity to be calculated

	SMTC_Y
	the longer SMTC periodicity than SMTC_X periodicity 

	max_SMTC
	the maximum SMTC periodicity among all of measured carriers

	α
	the number of carriers which SMTC is overlapped with the largest SMTC periodicity except for the carriers configured by the largest SMTC periodicity

	β
	the number of carriers which SMTC (<SMTC_Y) is overlapped with SMTC_Y except for the carriers configured by SMTC_Y

	γ
	the number of carriers which SMTC (<SMTC_X) is overlapped with SMTC_X except for the carriers configured by SMTC_X
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	the scaling factor for SMTC_Y


8
6

_1587391137.unknown

_1587404948.unknown

_1587409600.unknown

_1587473924.unknown

_1587411940.vsd
�

…


…


…


SMTC pattern for Carrier#3


SMTC pattern for Carrier#2


SMTC pattern for Carrier#1


…


Measurement Gap pattern


SMTC1


SMTC2


SMTC3


SMTC1


SMTC2


SMTC3


SMTC1


SMTC2


SMTC3



_1587413783.vsd
�

…


…


…


SMTC pattern for Carrier#3


SMTC pattern for Carrier#2


SMTC pattern for Carrier#1


…


Measurement Gap pattern


3*SMTC1


4*SMTC1


7*SMTC1


8*SMTC1


SMTC1


3*SMTC1


SMTC1


SMTC1


3*SMTC1



_1587473734.unknown

_1587473758.unknown

_1587473665.unknown

_1587412947.vsd
�

4*SMTC1


…


…


…


SMTC pattern for Carrier#3


SMTC pattern for Carrier#2


SMTC pattern for Carrier#1


4*SMTC2=4*SMTC3


4*SMTC1


…


Measurement Gap pattern



_1587411165.unknown

_1587411620.vsd
�

…


…


…


SMTC pattern for Carrier#3


SMTC pattern for Carrier#2


SMTC pattern for Carrier#1


…


Measurement Gap pattern


SMTC1


SMTC2


SMTC2


MGRP



_1587410503.unknown

_1587409461.unknown

_1587409520.unknown

_1587409590.unknown

_1587409470.unknown

_1587406928.unknown

_1587409422.unknown

_1587409449.unknown

_1587408730.unknown

_1587406071.unknown

_1587406680.unknown

_1587406894.unknown

_1587406676.unknown

_1587405943.unknown

_1587406034.unknown

_1587405875.unknown

_1587394279.unknown

_1587397935.unknown

_1587404816.unknown

_1587396843.unknown

_1587391195.unknown

_1587391212.unknown

_1587391148.unknown

_1587389967.unknown

_1587390453.unknown

_1587390518.unknown

_1587390823.unknown

_1587391004.unknown

_1587390489.unknown

_1587390347.unknown

_1587389724.unknown

_1587389944.unknown

_1587389500.unknown

