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1. Introduction
In RAN4#84 meeting, there were discussions on UE measurement capability [1~8]. Agreements were achieved on definition of intra and inter frequency and it was captured in way forward [9]. The agreements on measurement gap are as follows.
	MGL:

· MGL=6ms is agreed

· It is FFS to introduce MGL shorter than 6ms for both sub-6GHz and mmWave 

MGRP:

· For NSA

· MGRP: 40ms, 80ms, 160ms

· If there is LTE inter-frequency layer to be monitored, 160ms MGRP won’t be used.

· RAN4 will not define LTE inter-frequency requirements based on 160ms MGRP

· It is FFS if shorter MGRP is needed 

· For SA

· Candidates: 40ms, 80ms, 160ms 

· It is FFS if shorter MGRP is needed

Companies are encouraged to provide their opinion on the question” How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?”

· It is noted that when SMTC period is smaller than MGRP, only partial of SMTC can be covered by the measurement gap. 

It is noted that measurement gap can be used for all RAT including LTE and NR.


In this contribution, we further provide our views on measurement gap for NR.
2. Discussion
2.1 MGL
The SS block mapping to slots in a half radio frame for 15 kHz, 30 kHz, 120 kHz, and 240 kHz subcarrier spacing is also agreed as in the RAN1 LS [13]. 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.
Furthermore in RAN1 LS [13] on initial access and mobility for NR, it is noted that the SS block based RRM measurement timing configuration (SMTC) is informed to UE for UE RRM measurement per frequency layer.

· 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
Since the duration is informed to UE per frequency carrier, it would be better not to assume it takes 5 ms window which 6ms MGL has to be used. Otherwise the signalling overhead of SMTC duration is for nothing. The measurement gap length should be the SMTC measurement duration plus margin of 1ms for RF switching time and other factors. 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. Therefore the minimum MGL should be 3 ms as in LTE. Considering the SMTC duration could be from 1 ms to 5 ms, MGL of 4 ms and 5 ms should also be supported.
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. It is also considered to introduce shorter MGRP, e.g. 20ms. The shorter MGRP is only possible with shorter MGL otherwise the throughput would be highly degraded due to RRM measurement with gaps.
Proposal 1: MGL of 3 ms, 4 ms, 5 ms and 6 ms are supported in NR.

2.2 MGRP
The MGRP of 40ms, 80ms and 160ms are agreed to be used for both NSA and SA in NR. The shorter MGRP, e.g. 20 ms can be further studied. There are two folds to be considered if 20 ms shorter MGRP is feasible. 
One is throughput loss due to large overhead of measurement gap within measurement period. If 40 ms MGRP is used the overhead is too large that system performance is highly degraded. It is noted that more than only the MGL subframes cannot be used. However if 3 ms MGL is used together with 20 ms MGRP, the throughput loss is comparable to 6 ms MGL together with 40 ms MGRP. Therefore if MGL of shorter than 6 ms were agreed, MGRP of 20 ms would be supported.
The other aspect is the use case for 20 ms MGRP. One possible use case would for above 6 GHz measurement which beamforming is used. Due to very high frequency of mmWave the channel would change drastically if MGRP is too long. We think this is what happens for mmWave communication. But from RRM measurement perspective the measurement would be sort of long term that the impact of channel change should be averaged out by one way or another. Thus MGRP of 40 ms would also be feasible for mmWave. However the MGRP of 20 ms would be beneficial to improve the measurement accuracy in short term measurement. Another possible use case would be for high speed UEs that measurement latency should be reduced as much as possible for UE to be able to handover to neighbour cell in time. MGRP of 20 ms would be helpful in this case.
In summary there would be use cases which require shorter MGRP and it is feasible if shorter MGL is to be introduced, so MGRP of 20 ms can be considered in NR.

Proposal 2: MGRP of 20 ms is to be considered for NR.

2.3 Multi frequency layers measurement
RAN1 agrees that single SMTC is configured per frequency carrier for inter-frequency measurement and single SMTC or multiple SMTC across different frequency carriers can be configured. It needs to be confirmed by RAN4. 
If inter-frequency measurement is based on single SMTC across different frequency carriers, it is feasible for UE to perform RRM measurement. However it has limitation on the SMTC configuration at NW side. The network has to configure SMTC with largest periodicity across different frequency layers so that there are available SS blocks during each SMTC period. In the end this would bring large mobility delay.

If inter-frequency measurement is based on multiple SMTC across different frequency carriers, it is feasible for UE to perform RRM measurement, although some coordination of SMTC configuration at NW side is needed. It would benefit mobility performance by using shorter SMTC periodicity.

If the multiple SMTC across different frequency layers are arbitrary in terms of measurement window offset then measurement gap pattern per frequency layers is needed. Otherwise maybe only few inter frequency layers can be measured for a measurement configuration. If single measurement gap pattern is to be used for all different frequency layers, coordination on SMTC across different frequency layers should be made to guarantee that there are overlapped measurement window so that measurement gap can overlap the window. In the last RAN4 meeting a question of single measurement gap pattern was asked.
How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?
As discussed above, it is feasible to configure a single measurement pattern to cover the union of SMTC across different frequency layers as long as the SMTC is well coordinated. But on the other hand it does reduce feasibility of SMTC configuration across different frequency layer from network side. As this is NW implementation dependent it is not easy to conclude at present how likely it is. RAN4 should study the feasibility of multiple measurement gap pattern for inter frequency measurement by taking the time line of WI into consideration.
In general coordination is still possible if multiple SMTC across different frequency layers is configured and single SMTC across different frequency layers is a too strong restriction.
 Proposal 3: Multiple SMTC across different frequency layers are feasible for inter frequency measurement and single SMTC across different frequency layer has limitation on SMTC configuration.
Regarding measurement gap pattern for inter frequency measurement there are four possible solutions.
· Option 1: Per UE

· Option 2: Per RAT

· Option 3: Per frequency layer group

· Option 4: Per frequency layer

If the measurement gap pattern is not per UE, then network and UE should have the same understanding that how the measurement gaps would be used by UE for different frequency layer measurement. It is identified that if multiple measurement gap patterns are used in parallel there would be serious interruption issues. It would be better that it is used in serial. However network can only schedule the UE when network knows which measurement gap is used for current inter frequency measurement. There would be rules or signaling so that both UE and NW know how the multiple measurement gap to be used. 
Although option 1 is simple but other options have more flexibility for measurement configuration and may hence improve mobility performance or throughput performance. It is worth to study further other options. At least per RAT measurement could be considered for Rel-5 NR.

Proposal 4: RAN4 to study further on the following options for measurement gap configuration.

· Option 1: Per UE

· Option 2: Per RAT

· Option 3: Per frequency layer group

· Option 4: Per frequency layer

3. Conclusion
In this contribution, we further provided our views on measurement gap for NR. 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 considered for NR.

Proposal 3: Multiple SMTC across different frequency layers are feasible for inter frequency measurement and single SMTC across different frequency layer has limitation on SMTC configuration.
Proposal 4: RAN4 to study further on the following options for measurement gap configuration.

· Option 1: Per UE

· Option 2: Per RAT

· Option 3: Per frequency layer group

· Option 4: Per frequency layer
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