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1. Introduction

In RAN4 NR AH#2 meeting the following items were captured in the agreed Way Forward [1].
	· MGL:
· For SS block based cell identification and measurement, 6ms MGL is used as baseline 
· The requirement shall apply provided that at least the subset of measurement gap contains the 5ms window of SS blocks;
· MGRP

40ms, 80ms could be a starting point for defining MGRP in NR


For NSA, MGRP for NR measurement shall not be smaller than 40ms.


In this contribution, we give our further considerations on the following open issues:

- Intra-frequency measurement with measurement gaps
- Inter-frequency measurement gaps.
2. Discussion
The following agreements were approved in RAN1 NR AH#2 meeting [2].
	Agreements:
· Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,

· For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured

· UE can be informed of which cell(s) is associated with which measurement window periodicity
· For cell(s) that is not listed, longer measurement window periodicity is used
· Single measurement window offset and duration are configured per frequency carrier
· For IDLE mode measurements, only single SMTC is configured per frequency carrier

· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier

· RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers


The following analysis are all based on the above latest agreements.
2.1. Intra-frequency measurement with measurement gap
In LTE one Intra-frequency neighbour cell measurements scenario is defined as the operating frequency of the bandwidth reduced low complexity (BL) UE or the UE in Enhanced Coverage is not guaranteed to be aligned with the center frequency of the current cell (Scenario G as shown in Figure 1a). In RAN4 NR the definitions of intra-frequency and inter-frequency are under discussion. We reuse the similar definition. For example Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell has at least one SS burst set transmitted on the same carrier frequency [3]. So in NR, measurement gap is needed in certain intra-frequency measurement scenarios in NR(as shown in Figure 1b).
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	Fig.1a Intra-frequency measurement scenario in LTE[TS 36.300]
	Fig.1b Intra-frequency measurement scenario in NR


· Synchronization and asynchronization network
RAN1 agreed that up to two measurement window periodicities can be configured for intra-frequency cells. Meanwhile single measurement window offset and duration are configured for intra-frequency. Measurement window offset refers to the serving cell timing. The window duration equals to 6ms. The agreements imply that all SS blocks of the neighbour cells are covered by the measurement window regardless the intra-frequency cells are synchronized or not. This means there are certain limitations for eNB.
For the scenario in Figure 1b, the measurement gaps are still needed. For SS block based cell identification and measurement, 6ms MGL is sufficient regardless the intra-frequency cells are synchronized or not.
Proposal 1: If measurement gaps are needed for intra-frequency measurement, 6ms MGL is sufficient regardless the intra-frequency cells are synchronized or not.
· MGRP

Figure 2 gives an example, the SS burst set periodicity is 20ms for cell1 and 160ms for cell2 respectively. If measurement gap repetition period (MGRP) is configured as 40ms, there may be more opportunities to be detected or measured for Cell1 compared with Cell2. In our understanding, in this case for different SS burst set periodicity configuration, the measurement period or the cell detection delay requirements of cell 1and cell2 may be different. How to specify the intra-frequency measurement requirements with different SS burst periodicity will be further discussed in the later phase. From measurement procedure and implementation point of view, the MGRP still could reuse {40, 80} ms as defined in LTE since no issues are observed so far. 
Proposal 2: MGRP could be 40ms and 80ms.
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Figure 2. Different SS burst set periodicity configuration
2.2. Inter-frequency measurement

RAN1 had an LS [R1-1712002]:
	· For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier

RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers


There are three cases need to be discussed separately.
· Case 1: Single measurement window periodicity/duration/offset information for all carrier frequencies

In this case the measurement gap is UE based. Meanwhile the case restricts all the SS blocks transmission of inter-frequency cells shall be covered by the measurement window. That is to say, even if the inter-frequency cells are asynchronized, the SS blocks of different inter-frequency cells shall be transmitted within measurement window. If the restrictions could be satisfied, it is a simplest way for UE to perform inter-frequency measurement and leave UE sufficient implementation freedom. 
· Case 2: Single measurement window periodicity/duration/offset information per carrier frequency 

There are some subcases to be analysed:

· Case 2-1: measurement window periodicity/duration/offset information on each carrier frequency is different
From measurement gap point of view, there are two alternatives to perform measurement gaps.

Alternative 1: the measurement gap per frequency 
In LTE, the measurement gap is UE specific, in other words eNB provides a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers. In NR 

In this case, measurement gap may be frequency specific. In other words, network provides measurement gap pattern for each frequency layer. This idea of different gap offset on different carrier frequency has been discussed in LTE WI measurement gap enhancement. This idea is complicated and may cause additional interruptions with the certain RF structure as shown in Figure 3. If large interruptions are introduced, the resource utilization will be degraded compared with single gap offset case. 
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Figure 3. Measurement gap per frequency
Alternative 2: the measurement gap per UE 
The idea is proposed in [R4-1706531] last meeting. The idea is UE based measurement gap, and the gap offset is time-variable. A detailed gap pattern shall be indicated to UE. UE shall measure one specific carrier frequency at certain gap. The idea gives restrictions on UE implementation flexibility. Furthermore the introduced signalling overhead shall be carefully evaluated.
· Case 2-2: measurement window periodicity per carrier frequency is different and the measurement duration/offset information for all carrier frequencies is the same.
The case is similar as intra-frequency measurement as shown in Figure 2. In this case, the measurement gap could be UE based. So far no issue is foreseen in this case.

· Case 2-3: measurement window periodicity for all carrier frequencies is the same and measurement duration/offset information per carrier frequency is different.
The analysis of the case is similar as case 2-1.
Based on the above analysis, it could be summarized in proposal 3.
Proposal3:

-No issue is foreseen if inter-frequency measurement is based on single SMTC across different frequency carriers;
- No issue is foreseen if single inter-frequency measurement duration/offset information and multiple inter-frequency measurement window periodicity are configured across different frequency carriers;
-It may introduce interruptions or extend the measurement gap length if multiple inter-frequency measurement duration/offset across different frequency carriers are configured.
3. Conclusions

This contribution provides the further consideration on measurement gaps. The following observations and proposal are provided:
Proposal 1: If measurement gaps are needed for intra-frequency measurement, 6ms MGL is sufficient regardless the intra-frequency cells are synchronized or not.
Proposal 2: MGRP could be 40ms and 80ms.
Proposal3:

-No issue is foreseen if inter-frequency measurement is based on single SMTC across different frequency carriers;
- No issue is foreseen if single inter-frequency measurement duration/offset information and multiple inter-frequency measurement window periodicity are configured across different frequency carriers;

-It may introduce interruptions or extend the measurement gap length if multiple inter-frequency measurement duration/offset across different frequency carriers are configured.
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