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1
Introduction 
In last RAN4 NR Adhoc#2 meeting, RAN4 had some discussion on measurement gap design. For measurement gap length (MGL) and measurement gap repetition periodicity (MGRP), the agreements were captured in WF [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 provide our views on the design of measurement gap in NR.
2
Discussion 
RAN1 agreed that the transmission of SS blocks is confined to the 5ms window, thus, in last RAN4 meeting, 6ms measurement gap length was agreed to use as baseline for SS block based cell identification and measurement.

In last RAN1 meeting, the following agreements [2] regarding RRM measurement based on SS block were made.

	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

Agreements:
· A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band


Unlike LTE CRS with fixed transmission pattern, the transmission of SS block can be configured differently for different cells in NR. The UE may or may not have the information of SS block transmission configurations of the neighboring cells. UE needs to know how to measure the SS-RSRP, thus, the SS block based RRM measurement timing configuration (SMTC) is defined in RAN1 and provided the information to UE, i.e. measurement window periodicity, measurement window duration and measurement window offset. SMTC has at least measurement window periodicity/duration/offset information, RAN1 is discussing whether it needs to include more other information, such as carrier index. The measurement window periodicity is the periodicity for the UE to make the SS-RSRP measurement, different cell may have different SS block periodicity. The measurement window duration is the time duration for the UE to search for SS blocks and perform the SS-RSRP measurement. And the measurement offset is the time offset between SS-block transmissions of the cells/carriers. 
It is agreed that the SMTC for UE RRM measurement is per frequency carrier, with the SMTC information, we would like to further discuss the measurement gap pattern for both intra-frequency measurement and inter-frequency measurement. 
For intra-frequency measurement, only single SMTC is configured for IDLE mode and for connected mode, up to two measurement window periodicities can be configured. It means that single measurement window offset and duration for all cells in a carrier. In NR, measurement gap should be considered for cell detection and RRM measurements of intra-frequency cells, i.e. beam based transmission and reception scenarios and bandwidth part scenarios. 
Figure 1a shows the example of measurement gap pattern with single SMTC for intra-frequency IDLE mode, since the transmission timing for SS blocks have different time location, with the time index indication, UE could detect and measure multiple neighbor cells during one measurement gap duration. 
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Figure 1a: Measurement gap configuration with single SMTC for intra-frequency IDLE mode
And figure 1b shows the example of measurement gap pattern with different SS burst set periodicities for intra-frequency connected mode, UE could detect and measure multiple neighbor cells during one measurement gap duration.
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Figure 1b: Measurement gap configuration with two SS burst set periodicities for intra-frequency connected mode
Therefore, for intra-frequency measurement, with SMTC information (measurement window periodicity, measurement window duration and measurement window offset), common LTE gap pattern can be re-used for NR.
Proposal 1: For intra-frequency measurement, LTE gap pattern can be re-used for NR with SMTC information
For inter-frequency RRM measurement, SMTC information is frequency carrier specific, it means that SMTC can be different for each inter-frequency carrier. In the LS, RAN1 asked RAN4 to confirm that there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers.

For case of multiple SMTCs across different carriers, figure 2 is an example of different frequency carrier with different SS burst set periodicity and different starting time offset for 5ms of measurement time window. Since the measurement window offset is different for each inter-frequency carrier, so the common measurement gap cannot be applied. One possible way is to define the frequency specific measurement gap pattern. The network configures different starting time of measurement gap and measurement gap repetition period for each inter-frequency, the UE needs to retuning RF chain to perform the cell detection and the corresponding RRM measurements at frequency 1, 2 and 3 for different measurement gap duration. It will increase significantly the complexity of measurement gap management and the signaling overhead. And from the throughput aspect, the frequently measurement gap scheduling will degrade the serving cell throughput performance. It is not desirable to define the frequency specific measurement gap pattern. Thus, the inter-frequency measurement should be based on single SMTC across different frequency carriers.

[image: image3.emf]40ms

20ms

Frequency 1

Measurement gap 

pattern 1

MGRP = 40ms

80ms

Frequency 2

Frequency 3

Measurement gap 

pattern 2

MGRP = 40ms

Measurement gap 

pattern 3

MGRP = 80ms


Figure 2: Inter-frequency measurement based on multiple SMTCs across different carriers
Proposal 2: For inter-frequency measurement, it is not desirable to define the frequency specific measurement gap pattern form signaling overhead and throughput performance of serving cell aspect.
For case of single SMTC across different carriers, figure 3 is an example of different frequency carrier with the same starting time offset for 5ms of measurement time window. It is similar with intra-frequency measurement, the common measurement gap pattern can be used, it would be sufficient to use a single measurement configuration for inter-frequency measurement. From the measurement gap configuration illustrated in the figure below, the opportunity of measurement is not equal. It depends on the SS burst set periodicity. Therefore, for the equal opportunity of measurement, new, the longest SS burst set periodicity can be set as MGRP for NR. For example, the longest SS burst set periodicity is configured with 160ms, the corresponding measurement gap pattern can be configured with MGL = 6ms and MGRP = 160ms.
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Figure 3: Inter-frequency measurement based on single SMTC with the same starting time offset of measurement time window across different carriers
Proposal 3: For inter-frequency measurement, it is desirable to define a single SMTC with the same starting time offset of measurement time window across different carriers.

Proposal 4: For inter-frequency measurement based on single SMTC with the same starting time offset of measurement time window, 160ms of MGRP should be considered for NR.
3
Conclusion
In this paper, we further discuss the design of measurement gap for NR based on the agreement of SS block based RRM measurement timing configuration (SMTC), and we have the following proposals:
Proposal 1: For intra-frequency measurement, LTE gap pattern can be re-used for NR with SMTC information
Proposal 2: For inter-frequency measurement, it is not desirable to define the frequency specific measurement gap pattern form signaling overhead and throughput performance of serving cell aspect.
Proposal 3: For inter-frequency measurement, it is desirable to define a single SMTC with the same starting time offset of measurement time window across different carriers.

Proposal 4: For inter-frequency measurement based on single SMTC with the same starting time offset of measurement time window, 160ms of MGRP should be considered for NR.
4
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