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1. Introduction

The SSB based inter-frequency measurement requirements have been discussed for several meeting cycles. Basically, the inter-frequency requirements could be derived by scaling single-carrier measurement requirements with a factor. In this contribution, we provide our discussion on the requirements for inter-frequency measurements.

2. Discussion
For SSB based measurements, NR UE performs measurements according to the SMTC configuration, which indicates the measurement timing window to receive SS/PBCH blocks. The value of SMTC periodicity can be configured in the range {5, 10, 20, 40, 80, 160} ms. For inter-frequency measurements, the UE will be configured with measurement gaps to perform cell identification and RRM measurements. The measurement gap repetition period (MGRP) can be configured in the range {20, 40, 80, 160} ms according to the definition of measurement gap configurations in TS 38.133 [1]. 
In last RAN4 meeting, the inter-frequency measurement requirements were discussed and companies provided some options on how to specify the requirements.

In [2], one group-scaling scheme for inter-frequency measurement requirements was discussed. It was proposed that multiple inter-frequency carriers were divided into several SMTC overlapping groups. Within one group, SMTC patterns configured for each carrier are fully or partially overlapped. Each SMTC overlapping group has a separate scaling factor. For example, as shown in Figure 1, two carriers are divided into two SMTC overlapping groups, and the scaling factor applied for each group can be defined as 1, i.e. the scaling factor for both carrier #1 and carrier #2 equals to 1.
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Figure 1: An example for inter-frequency measurement with 2 layers
For this case, all the SMTC periods are longer than MGRP and any pair of SMTC patterns is not overlapped. It is simple to develop SMTC overlapping groups and decide the corresponding scaling factor. However, when the number of monitored frequency carrier is increased, there will have a variety of SMTC configurations on different carriers. 
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Figure 2: An example for inter-frequency measurement with 3 layers
As shown in Figure 2, UE needs to monitor three inter-frequency carriers with the same gap pattern. SMTC pattern for carrier#1 is overlapped with the SMTC patterns for both carrier#2 and carrier#3, and SMTC patterns on carrier#2 and carrier#3 are not overlapped. There may have three schemes of developing SMTC overlapping groups.
For scheme#1, three carriers can compose one SMTC overlapping group and the scaling factor is 3 for each carrier. 
For scheme#2, three carriers can divide into two SMTC overlapping groups. Group#1 consist of carrier#1 and carrier#2 and the scaling factor is 2, Group#2 consist of carrier#3 and the scaling factor is 1.
For scheme#3, three carriers can divide into two SMTC overlapping groups. Group#1 consist of carrier#1 and carrier#3 and the scaling factor is 2, Group#2 consist of carrier#2 and the scaling factor is 1.
It could be observed that the scaling factor applied on a given carrier is different for each scheme.

In order to avoid multiple combinations of scaling factors, the rules on how to develop overlapping SMTC groups shall be studied. The complexity of developing SMTC groups will be increased as the number of monitored frequency carrier is increased.

Observation 1: In case of inter-frequency measurement requirements defined based on the scheme of SMTC overlapping groups, the rules on developing SMTC groups might be very complicated.
Although it is difficult to define the rules on developing SMTC groups to ensure uniqueness, the total number of the carriers whose SMTC pattern is overlapped with the SMTC pattern of the measured carrier is unique. Hence, the scaling factor can be carrier-specific defined. For the example shown in Figure 2, the SMTC pattern on carrier#1 is overlapped with the SMTC pattern on both carrier#2 and carrier#3, and the scaling factor applied on carrier#1 can be defined as three. The SMTC pattern on carrier#2 is only overlapped with the SMTC pattern on carrier#1, and the scaling factor applied on carrier#2 can be defined as two. The SMTC pattern on carrier#3 is only overlapped with the SMTC pattern on carrier#1, and the scaling factor applied on carrier#3 can also be defined as two.
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Figure 3: An implementation for inter-frequency measurement with 3 layers
As shown in Figure 3, 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 periods. For carrier#2 and carrier#3, at least one measurement occasion can be provided every 2 SMTC periods.
Based on the above discussion, the inter-frequency measurement delay requirements are suggested as following:

Proposal 1: For SSB based measurement, a per-carrier scaling scheme is suggested for defining inter-frequency measurement requirements and the measurement delay requirements for inter-frequency carrier #i can be expressed as:

· Tinter, carrier_i = M×(SMTCcarrier_i, MGRP) ×Nscaling,carrier_i
Where, Nscaling,carrier_i  is the scaling factor of carrier #i and is defined 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 fully or partially colliding 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: 
Observation 1: In case of inter-frequency measurement requirements defined based on the scheme of SMTC overlapping groups, the rules on developing SMTC groups might be very complicated.
Proposal 1: For SSB based measurement, a per-carrier scaling scheme is suggested for defining inter-frequency measurement requirements and the measurement delay requirements for inter-frequency carrier #i can be expressed as:

· Tinter, carrier_i = M×(SMTCcarrier_i, MGRP) ×Nscaling,carrier_i
Where, Nscaling,carrier_i  is the scaling factor of carrier #i and is defined 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 fully or partially colliding with the SMTC occasions of carrier #i.
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