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1. Introduction
In RAN4-NR#2 meeting, there were extensive discussions [2~11] on measurement gap. A way forward on NR RRM [1] was agreed.  The agreements on measurement gap are as follows.
	It is agreed

· 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.

Further analysis is welcome on

· Whether other MGRP value is beneficial (should not be smaller than 40ms for NSA)

· Need for CSI RS based measurement in measurement gaps

· Multiple layer monitoring in gaps eg

· SS burst periodicity is differnet on different layers

· SS burst offset is different on different layers

· Other apsects


In this contribution, we provide our views on measurement gap for NR.
2. Discussion
There are latest agreements on initial access and mobility which were captured in incoming LS [12]. Some of the agreements would impact the measurement gap design and it can be found in Annex. 
2.1 MGL
It was agreed for SS block based cell identification 6 ms MGL is used as baseline. The SS block mapping to slots in a half radio frame for 15 kHz, 30 kHz, 120 kHz, and 240 kHz subcarrier spacing is agreed as in Annex. It can be seen for 5 ms window, depending on subcarrier spacing and maximum number of SS blocks, that only part of the 5 ms window is occupied by SS blocks. In some cases only 2 ms is occupied even considering the maximum number of SS blocks are transmitted. In reality it is possible that only part of the nominal SS blocks resources are used for actual SS block transmission. The occupied time window by transmitted SS blocks could be even shorter.
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, it can be configured to UE with up to two SMTC configuration for intra-frequency and one SMTC for inter-frequency. Since the duration is informed to UE per frequency carrier, it would be better not to assume it takes 5 ms window. 
Therefore the measurement gap length should be the SMTC measurement duration plus RF switching time and other factors which could be considered as 1 ms long. Depending on subcarrier spacing, allowed maximum number of SS blocks for the frequency carrier and actual transmission of SS blocks, the measurement duration could be from 1 ms to 4 ms window. The minimum MGL should be 3 ms as in LTE.

As the MGL reduction could have a big impact on system throughput performance, especially for larger bandwidth operation, it would be better to reduce the MGL as much as possible.

Proposal 1: MGL of 3 ms, 4 ms, 5 ms and 6 ms are supported in NR.

2.2 MGRP
It is agreed that for intra-frequency CONNECTED mode measurement, up to two measurements window periodicities can be configured and 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. The two measurements window is configured with same offset and duration. It means only periodicity of the two measurement window is different.
According background in RAN1 discussion [13], it would be beneficial to have separate measurement timing configurations between serving cell and neighbor cells on the carrier. For example, when NW configures shorter periodicity of SS burst set for serving cell and longer periodicity of SS burst set for neighbor cells, UE can perform RRM measurement for serving cell with shorter delay and NW can potentially reduce SS block overhead in neighbor cells that don’t serve any active UE.
It is obvious that one aspect of introducing two SMTC is to reduce measurement delay for serving cell. Depending on UE operating bandwidth part configuration, UE needs measurement gaps to perform RRM measurement for serving cell which is supported in NR. 
RAN4 agrees to use 40 ms and 80 ms of MGRP for NR. As gaps is also needed for serving cell measurement where measurement delay would be a key factor, especially for high speed UE. In that case we think that 20 ms MGRP should also be supported at least for serving cell measurement. 
In the last meeting it was agreed that 160 ms SS burst set periodicity is also supported. If SMTC is configured with 160 ms periodicity for a carrier frequency, it would be better to use 160 ms MGRP otherwise the throughput degradation due to unused measurement gap. Of course this is based on that different MGRP is used on different carrier frequency layer. If a uniform measurement gap periodicity is used across all carrier frequency layers then it seems that 160 ms is not useful because it is too long for serving cell measurement.
Proposal 2: MGRP of 20 ms is supported considering serving cell frequency layer measurement.

Proposal 3: MGRP of 160 ms would be considered only if different measurement gap periodicity is applied on different carrier frequency layers.

2.3 Multi layer monitoring
RAN1 agrees that single measurement window offset and duration are configured per frequency carrier. Therefore different frequency layers would be configured with measurement window of different periodicity, offset and duration.  If single measurement gap is configured for all frequency layers the worst case should be considered, which means it should use the longest duration and the shortest periodicity among all frequency layers including serving cell frequency layer. As long as 5 ms duration of measurement window is signaled for a carrier frequency then 6 ms MGL should be used for all carrier frequency layers. This may make the signaling of SMTC for all frequency layers kind of useless. Furthermore it is expected that serving cell frequency layer measurement should use shorter measurement gap periodicity to reduce measurement delay, which means at least 40 ms MGRP should be used. Therefore with single measurement gap for all the frequency layers there would be a big impact on system performance, especially if 20 ms MGRP and 6 ms MGL is have to be configured. It seems that it would be better to use different measurement gap configuration for different frequency layers.
However, if any of the measurement gap configuration is different, network and UE should have the same understanding that how the measurement gaps would be used. Network can only schedule the UE by taking the use of measurement gap into account. Thus network should know which measurement gap configuration the UE is using when scheduling the UE. Even if only the offset of measurement gap is different it should either be known by network. The feasibility of different measurement gap configuration, including periodicity, gap length and offset, on different frequency layers should be studied.
Observation 1: Benefits are seen to use different measurement gap on different frequency layer.

Proposal 4: RAN4 to study the feasibility of different measurement gap configuration, including periodicity, gap length and offset, on different frequency layers.

2.3 CSI-RS based measurement
According to RAN1 agreement the measurement bandwidth and frequency location of CSI-RS for L3 mobility is configurable, so it could be located anywhere part of the bandwidth of target cell. The transmission bandwidth is also configurable and it would be different than measurement bandwidth. In addition minimum carrier bandwidth and wider bandwidth, e.g. maximum UE bandwidth, are supported for CSI-RS measurement. 

It is not clear now how CSI-RS and SS block will be multiplexed. It could be FDMed or TDMed. Considering the cell with minimum bandwidth in which only SS blocks can be transmitted, it seems TDMed CSI-RS with SS block is unavoidable. Furthermore it is not clear whether CSI-RS and SS burst set have the same periodicity, which would also impact the measurement of CSI-RS. 
It is also noted that at present timing synchronization source for CSI-RS measurement is SS block which means SS block should be searched firstly before CSI-RS measurement. So at least from cell search point of view the SS block based measurement and CSI-RS based measurement is the same. Therefore during the cell search procedure of CSI-RS measurement, the same measurement gap as for SS block measurement can be reused. If CSI-RS and SS block are FDMed then the same gap can be used for both of search and measurement.
During the CSI-RS RSRP measurement phase, how the measurement gaps are used depends on final RAN1 design of CSI-RS for mobility. RAN4 can study further CSI-RS measurement requirements after RAN1 finishes the design.
Observation 2: The same measurement gap as for SS block based measurement can be reused for CSI-RS measurement, at least for timing synchronization.

Proposal 5: Using the same measurement gap as for SS block based measurement is considered as one candidate for CSI-RS based measurement.

2.5 Asynchronous network
There were discussions in RAN4 that how the measurement can be done in asynchronous network. In synchronous network measurement gap length depends on measurement window duration as timing of SS blocks in neighbour cells are informed to UE. However in asynchronous network measurement gap length depends on SS burst set periodicity of all neighbour cells. It seems it’s difficult to support measurement gap length larger than 6 ms so one of the feasible solutions is to use 5 ms of SS burst set periodicity in all cells in asynchronous network.
Proposal 6:  5 ms of SS burst set periodicity is used in asynchronous network.
3. Conclusion
In this contribution, we provide our views on measurement gap for N. Based on observations following proposals are present.
Proposal 1: MGL of 3 ms, 4 ms, 5 ms and 6 ms are supported in NR.

Proposal 2: MGRP of 20 ms is supported considering serving cell frequency layer measurement.

Proposal 3: MGRP of 160 ms would be considered only if different measurement gap periodicity is applied on different carrier frequency layers.

Proposal 4: RAN4 to study the feasibility of different measurement gap configuration, including periodicity, gap length and offset, on different frequency layers.
Proposal 5: Using the same measurement gap as for SS block based measurement is considered as one candidate for CSI-RS based measurement.
Proposal 6:  5 ms of SS burst set periodicity is used in asynchronous network.
Observation 1: Benefits are seen to use different measurement gap on different frequency layer.

Observation 2: The same measurement gap as for SS block based measurement can be reused for CSI-RS measurement, at least for timing synchronization.
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5. Annex
RAN1 made the following agreements and working assumptions regarding SS block composition and SS burst set composition at RAN1#NR-AH2 meeting.
For 15 kHz, 30 kHz, 120 kHz, and 240 kHz subcarrier spacing, the following SS block mapping to slots in a half radio frame is agreed
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RAN1 made the following agreements regarding time index indication based on SS block at RAN1#NR-AH2 meeting.

	Agreements: 

· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information

· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

Agreements:
· An indication related to the synchronization information  is provided to the UE

· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)

· Note that it is up to RAN2 how to provide this indication

· Note that it is up to RAN4 about the feasibility of synchronization and its requirement


RAN1 made the following agreements and working assumptions regarding random access channel design including power ramping/control mechanism during random access procedure at RAN1#NR-AH2 meeting.
RAN1 made the following agreements regarding RRM measurement based on SS block at RAN1#NR-AH2 meeting. As in the first agreements below, RAN1 respectfully asks RAN4 to check if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers.

	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


RAN1 made the following agreements regarding RRM measurement based on CSI-RS for L3 mobility at RAN1#NR-AH2 meeting.

	Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR

· Configurable periodicity (as already agreed)

· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)

· FFS candidate values

· Configurable measurement bandwidth (as already agreed) and frequency location

· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported

· FFS other candidate values for wider bandwidth for each SCS

· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported

· Configurable parameters for sequence generation 

· Configurable numerology

· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported

· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)

· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties
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