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1. Introduction

In last RAN4 meeting, the structure of SSB-based inter-frequency measurement requirements in TS38.133 was agreed [1], and the details were left to TBD. In this contribution, we provide the discussion on how to define the inter-frequency measurement requirements.

2. Discussion
2.1. Non-DRX

For SSB-based inter-frequency measurement requirements, the delay requirements on PSS/SSS detection, SSB index detection and measurement period shall be specified for FR1 and FR2 respectively. Currently, the intra-frequency measurement requirements with gaps are defined and can be summarized in Table 1, which gap sharing between intra-frequency and inter-frequency is not considered.
Table 1: SSB intra-frequency measurement requirements with gaps for non-DRX
	Time period
	Frequency range
	Requirements

	PSS/SSS detection
	FR1
	max(600ms, [5] × max(MGRP, SMTC period))

	
	FR2
	max(600ms, [5] × N1 × max(MGRP, SMTC period))

	SSB index detection
	FR1
	max(120ms, [3] × max(MGRP, SMTC period))

	
	FR2
	max(200ms, [5] × N2× max(MGRP, SMTC period))

	Measurement period
	FR1
	max(200ms, [5] × max(MGRP, SMTC period))

	
	FR2
	max(400ms, [5] × N3× max(MGRP, SMTC period))


The inter-frequency measurement requirements derived by scaling the intra-frequency requirements can be considered as starting point.
Low Boundary

The intra-frequency requirements are defined with low boundaries for PSS/SSS detection, SSB index detection and measurement period. The intra-frequency requirement for each measurement delay is associated with a low boundary, for the purpose of avoiding to define a too small measurement delay requirements. Since the measurement gaps are shared by multiple frequency layers, the inter-frequency measurement requirements will be scaled by a value and is not likely to be defined as a short time period. Hence, it is suggested to define the inter-frequency measurement requirements without low boundaries.
AGC settling
Before starting to detect neighbour cells on an inter-frequency layer, the UE shall complete the AGC settling for the measured inter-frequency. It was agreed in [1] that three options are considered in order to resolving the AGC issue.
· Option 1: Increasing UE’s dynamic range 
· Option 2: Extending the M value which is the required sample number for inter-frequency measurement.
· Option 3: Duplicating same beam direction to 2 SSBs
Option 1 will impact the UE RF chip implementation and cause UE cost issues. Option 2 will increase the required measurement samples and longer inter-frequency measurement delay requirements need to be defined and the mobility performance may be impacted. Option 3 will introduce restrictions on the SSB configuration for all NR cells and the required resources for SSB transmissions will be doubled. The impacts of Option 1 and Option 2 on UE or network implementation are obvious. However, the impact of Option 2 on mobility performance is not evident. So, option 3 is suggested for resolving the AGC issue, and three additional samples are suggested to be included within the cell identification delay. The cell identification delay includes PSS/SSS detection delay, SSB index detection delay and measurement period. The three samples reserved for AGC margin can be added into PSS/SSS detection delay requirements.
Hence, inter-frequency measurements in non-DRX are suggested as follows:
Proposal 1: In non-DRX case, the measurements delay requirements for NR inter-frequency carrier #i could be defined as Table 2.

Table 2: SSB inter-frequency measurement requirements for non-DRX
	Time period
	Frequency range
	Requirements

	PSS/SSS detection
	FR1
	[5+3] × max(MGRP, SMTC period) ×
[image: image1.wmf],_

scalingNRi

N



	
	FR2
	[5+3] × N1 × max(MGRP, SMTC period) ×
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	SSB index detection
	FR1
	[3] × max(MGRP, SMTC period) ×
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	FR2
	[5] × N2× max(MGRP, SMTC period) ×
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	Measurement period
	FR1
	[5] × max(MGRP, SMTC period) ×
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	FR2
	[5] × N3× max(MGRP, SMTC period) ×
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Where, 
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is the scaling factor for inter-frequency carrier #i and is determined by the number of inter-frequency carriers whose SMTC occasions are fully or partially overlapped with SMTC occasions of carrier #i.
The definition of 
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 has been discussed in [2], more details refer to [2].
2.2. DRX
In DRX mode, it is assumed that one SMTC occasion for SSB based intra-frequency measurements is available every max(DRX cycle, SMTC period). Some measurement occasions for SSB based intra-frequency measurements can be omitted in considering of power saving. However, this assumption may be not suitable for inter-frequency measurement.
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Figure 1: Example for inter-frequency SMTC and gap pattern with 3 layers in DRX
As shown in figure 1, when DRX cycle is no larger than the longest SMTC periodicity. For carrier #2/3 with the longest SMTC periodicity, the measurement delay requirements shall still be scaled based on the assumption that SMTC occasion for carrier #2/3 is available every SMTC period or every DRX cycle. If some measurement occasions for inter-frequency measurement are omitted, then the measurement delay requirements for carrier #2 or carrier #3 will be impacted. In this case, it is suggested that the requirements for non-DRX case are reused for DRX case. Both the configured values for SMTC periodicity and MGRP will be no larger than 160ms. When DRX cycle is no longer than 160 ms, which can be considered as short DRX cycle, the purpose of power saving is not such urgent. So, the requirements for non-DRX are reused when DRX cycle is no longer than 160ms.
Proposal 2: When DRX cycle is no longer than 160ms, the inter-frequency measurement requirements for non-DRX are reused.
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Figure 2: Example for gap utilization pattern according to Alt 1
As shown in figure 2, when DRX cycle is larger than 160ms, which can be considered as long DRX cycle, power saving is one of important targets. It can be assumed that UE is expected to perform inter-frequency measurement within one gap every DRX cycle. During every DRX cycle, one measurement opportunity is shared by all the monitored carriers. So, the measurement requirements on an inter-frequency carriers need to be scaled by the number of all monitored carriers.
Proposal 3: When DRX cycle is longer than 160ms, the inter-frequency measurement requirements for DRX are scaled by the number of total monitored carriers.

Proposal 4: In DRX case, the measurements delay requirements for NR inter-frequency carrier #i could be defined as Table 3.

Table 3: SSB inter-frequency measurement requirements for DRX
	Time period
	Frequency range
	DRX cycle
	Requirements

	PSS/SSS detection
	FR1
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5+3] × DRX cycle ×
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	FR2
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5+3] × N1 ×DRX cycle ×
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	SSB index detection
	FR1
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[3] ×DRX cycle ×
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	FR2
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5] × N2×DRX cycle ×
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	Measurement period
	FR1
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5] ×DRX cycle ×
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	FR2
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5] × N3×DRX cycle ×
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Where, 
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is the number of all monitored carriers by UE when per-UE measurement gap is configured. 
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 is the number of all monitored carriers within corresponding frequency range when per-FR measurement gap is configured.
3. Conclusions

This contribution provides discussion on how to define inter-frequency requirements in NR. The following observation and proposal are given: 
Proposal 1: In non-DRX case, the measurements delay requirements for NR inter-frequency carrier #i could be defined as Table 2.

Table 2: SSB inter-frequency measurement requirements for non-DRX
	Time period
	Frequency range
	Requirements

	PSS/SSS detection
	FR1
	[5+3] × max(MGRP, SMTC period) ×
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	FR2
	[5+3] × N1 × max(MGRP, SMTC period) ×
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	SSB index detection
	FR1
	[3] × max(MGRP, SMTC period) ×
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	FR2
	[5] × N2× max(MGRP, SMTC period) ×
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	Measurement period
	FR1
	[5] × max(MGRP, SMTC period) ×
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	FR2
	[5] × N3× max(MGRP, SMTC period) ×
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Where, 
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is the scaling factor for inter-frequency carrier #i and is determined by the number of inter-frequency carriers whose SMTC occasions are fully or partially overlapped with SMTC occasions of carrier #i.

Proposal 2: When DRX cycle is no longer than 160ms, the inter-frequency measurement requirements for non-DRX are reused.

Proposal 3: When DRX cycle is longer than 160ms, the inter-frequency measurement requirements for DRX are scaled by the number of total monitored carriers.

Proposal 4: In DRX case, the measurements delay requirements for NR inter-frequency carrier #i could be defined as Table 3.

Table 3: SSB inter-frequency measurement requirements for DRX
	Time period
	Frequency range
	DRX cycle
	Requirements

	PSS/SSS detection
	FR1
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5+3] × DRX cycle ×
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	FR2
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5+3] × N1 ×DRX cycle ×
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	SSB index detection
	FR1
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[3] ×DRX cycle ×
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	FR2
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5] × N2×DRX cycle ×
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	Measurement period
	FR1
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5] ×DRX cycle ×
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	FR2
	≤ 160ms
	Non-DRX requirements are reused

	
	
	> 160ms
	[5] × N3×DRX cycle ×
[image: image31.wmf]freq

N




Where, 
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N

is the number of all monitored carriers by UE when per-UE measurement gap is configured. 
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 is the number of all monitored carriers within corresponding frequency range when per-FR measurement gap is configured.
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