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1. Introduction

In last RAN4 meeting, a way-forward on SSB based inter-frequency measurements was approved in [1] as follows:
	· Measurement objects with same SMTC periodicity and offset within the same FR range should share the same delay requirement.

· Strive to address the SMTC overlapping issue should be based on SMTC periodicity and offset grouping and each group has its own scaling factor

· The definition of SMTC periodicity and offset grouping is FFS

· When all SMTC occasions are non colliding (no measurement gap contains SMTC from more than one frequency layer) there is no need for an additional scaling factor
· Strive to keep UE measurement flexibility the same as LTE

· Companies are encouraged to suggest the principle to define the requirement methodologies within the below options:

· Option 1: unified delay requirement among different carriers

· Option 2: requirements are defined per carrier
· Companies are encouraged to provide views on the impact of AGC issue

· FFS the delay caused by gap sharing with intra-frequency measurement and DRX mode.


In this contribution, we provide our discussion on the SMTC overlapping issues for inter-frequency measurements requirements.

2. Discussion
In last RAN4 meeting, the SSB based inter-frequency measurements were discussed. Several companies provided proposals on how to specify the requirements, and some proposed schemes rely on SMTC overlapping scenarios.
2.1. Definition of SMTC overlapping
The SMTC occasions between two inter-frequency carriers can be non-overlapping or overlapping. The definition of SMTC periodicity and offset can introduced for the purpose of distinguishing these cases.

It seems common understanding that the SMTC periodicity for an inter-frequency carrier equals to the maximum value between the configured SMTC period and MGRP. The value of SMTC period can be configured in the range {5, 10, 20, 40, 80, 160} ms. The value of MGRP can be configured in the range {20, 40, 80, 160} ms. Thus, SMTC periodicity for inter-frequency carrier is within the range {20, 40, 80, 160} ms. For all the inter-frequency carriers sharing the same measurement gap pattern, the SMTC offset can be defined as the gap index within a certain 160ms time period where the gap is available for one inter-frequency carrier. If SMTC periodicity for an inter-frequency carrier is smaller than 160ms, then there have more than one SMTC offset for this inter-frequency carrier. Hence, the range of SMTC offset with different SMTC periodicity can be summarized in Table 1.
Table 1: SMTC periodicity and offset for inter-frequency carrier

	SMTC periodicity TSMTC_inter-freq
(= max[SMTC_Period, MGRP])
	MGRP
	Offset Range

	20ms
	20ms
	0

	40ms
	20ms
	0, 1

	
	40ms
	0

	80ms
	20ms
	0, 1, 2, 3

	
	40ms
	0, 1

	
	80ms
	0

	160ms
	20ms
	0, 1, 2, 3, 4, 5, 6, 7

	
	40ms
	0, 1, 2, 3

	
	80ms
	0, 1

	
	160ms
	0


In the case of two inter-frequency carriers have the same SMTC offset set, SMTC occasions for these two inter-frequency carriers are considered as being overlapping. If the SMTC offset set for one inter-frequency carrier is a sub-set of the SMTC offset set for another inter-frequency carrier, then the SMTC occasions between these two carriers are also considered as being overlapping. Otherwise, the two inter-frequency carriers are considered as being non-overlapping.

For example, figure 1 shows a measurement gap pattern which is configured for three inter-frequency carriers. The measurement gap repetition period (MGRP) is 40ms and there are four gaps for within a 160ms time period. For inter-frequency carrier#1, SMTC periodicity is 40ms and SMTC offset set is {#0, #1, #2, #3}. For inter-frequency carrier#2, SMTC periodicity is 80ms and SMTC offset set is {#0, #2}. For inter-frequency carrier#3, SMTC periodicity is 40ms and SMTC offset set is {#1, #3}. As the SMTC offset set for carrier#2 or carrier#3 is a subset of the SMTC offset set for carrier#1, SMTC occasions between carrier#1 and carrier#2/3 are considered as being overlapping. Since SMTC offset set for carrier#2 is totally different with that for carrier#2, so SMTC occasions between carrier#2 and carrier#3 are considered as being non-overlapping.
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Figure 1: Example for inter-frequency SMTC and gap pattern with 3 layers
According to the above analysis on SMTC overlapping, the following is proposed.
Proposal 1: For the purpose of investigating inter-frequency SMTC overlapping, the following definitions of SMTC periodicity and offset for an inter-frequency carrier are suggested:

· SMTC periodicity equals to the maximum value between the configured SMTC period and MGRP.
· SMTC offset is the measurement gap index within a certain 160ms time period, where the gap is available for this inter-frequency carrier.
· SMTC offset will have more than one values when SMTC periodicity is smaller than 160ms.
2.2. Methodology of defining SSB based inter-frequency measurement requirements
The inter-frequency carriers which are configured with using the same gap pattern could have different SMTC periodicity and offset. The smaller the SMTC periodicity, the higher the density of SMTC occasion. It is fair to expect a smaller measurement delay for an inter-frequency carrier with a shorter SMTC periodicity. However, an inter-frequency with a shorter SMTC periodicity will more possibly have SMTC overlapping with other inter-frequency carriers. If SMTC occasions for two inter-frequency carriers are colliding, then there are some measurement resources competition between these two carriers. The principle of defining the inter-frequency measurements shall take into account the competitiveness and fairness of measurement opportunities between different carriers. 

Proposal 2: The principle of defining the inter-frequency measurements shall take into account the competitiveness and fairness of measurement opportunities between different carriers.

Obviously, a unified delay requirement does not consider the competitiveness and fairness among different carriers. A per-carrier scaling scheme considering SMTC overlapping seems more reasonable for defining inter-frequency measurement requirements.
In this section, a methodology on how to derive the scaling factor used for defining inter-frequency measurement requirements is provided. The scaling factor can be per-carrier different. The scaling factor for an inter-frequency carrier is suggested as the total number of the carriers having SMTC overlapping with this carrier and including itself. For instance shown in Figure 2, the SMTC occasions for carrier#1 are overlapping with that for both carrier#2 and carrier#3, and the scaling factor applied on carrier#1 can be defined as three. The SMTC occasions for carrier#2 are only overlapping with the SMTC occasions for carrier#1, and the scaling factor applied on carrier#2 can be defined as two. The SMTC occasions for carrier#3 are only overlapped with that for carrier#1, and the scaling factor applied on carrier#3 can also be defined as two.
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Figure 2: An implementation for inter-frequency measurement with 3 layers
As shown in Figure 2, one implementation of inter-frequency measurements with 3 layers is provided. For carrier#1, at least one measurement occasion can be provided every 3 SMTC periodicity. For carrier#2 and carrier#3, at least one measurement occasion can be provided every 2 SMTC periodicity.
Based on the above discussion, the inter-frequency measurement delay requirements are suggested as following:

Proposal 3: For SSB based RRM measurement, a per-carrier scaling scheme is suggested for defining inter-frequency measurement requirements.

Proposal 4: For SSB based RRM measurement, the scaling factor Nscaling,carrier_i for inter-frequency carrier #i is suggested as the total number of carriers which satisfy the following conditions:

· Apply the same measurement gap pattern with carrier #i, and

· Whose SMTC occasions are overlapping with the SMTC occasions of carrier #i.

3. Conclusions

This contribution provides some analysis on PSS/SSS detection requirement in NR. The following observation and proposal are given: 
Proposal 1: For the purpose of investigating inter-frequency SMTC overlapping, the following definitions of SMTC periodicity and offset for an inter-frequency carrier are suggested:

· SMTC periodicity equals to the maximum value between the configured SMTC period and MGRP.

· SMTC offset is the measurement gap index within a certain 160ms time period, where the gap is available for this inter-frequency carrier.
· SMTC offset will have more than one values when SMTC periodicity is smaller than 160ms.
Proposal 2: The principle of defining the inter-frequency measurements shall take into account the competitiveness and fairness of measurement opportunities between different carriers.

Proposal 3: For SSB based RRM measurement, a per-carrier scaling scheme is suggested for defining inter-frequency measurement requirements.

Proposal 4: For SSB based RRM measurement, the scaling factor Nscaling,carrier_i for inter-frequency carrier #i is suggested as the total number of carriers which satisfy the following conditions:

· Apply the same measurement gap pattern with carrier #i, and

· Whose SMTC occasions are overlapping with the SMTC occasions of carrier #i.
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