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1. Introduction
In last RAN4 meeting, some agreements were made measurement gap pattern in [1], duplicated as below,
	· Background : Gaps with MGL=6ms and MGRP=40ms,80ms and 160ms have been agreed already by RAN4 for NSA and SA NR measurements. LTE measurement requirements with MGRP=160ms will not be specified. 

· Additional shorter MGRP and/or MGL can be considered

· Candidate MGL=[3,4,5]ms

· Candidate MGRP=[20]ms

· Other MGRP and ML is not precluded

· Not to add the additional shorter MGRP and/or MGL is also an option

· Final selection of MGL and MGRP is expected in RAN4#84bis

· Shorter MGL can be applicable to NSA, SA or both

· Shorter MGL can be applicable to sub 6GHz, mm-wave or both

· Shorter MGRP can be applicable to NSA, SA or both

· Shorter MGRP can be applicable to sub 6HGz, mm-wave or both

· Interested companies should provide further details such as the advantage/disadvantages for shorter ML/MGRP, operation of LTE measurements with shorter MGL/MGRP (if requirements for LTE measurement will be specified), considerations on whether shorter MGL/MGRP applies to SA, NSA or both, considerations on whether shorter MGL/MGRP applies to sub 6GHz, mm-wave or both. Other analysis is not precluded

· RAN2 needs to be informed of RAN4 findings on measurement gap pattern to complete their work

 


In this contribution we discuss the feasibility of using shorter MGL or MGRP for NSA/SA or sub6GHz/mmWave cases. 
2. Discussion

2.1. Related agreements in RAN1

	· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity

· Within this 5 ms window, number of possible candidate SS block locations is L

· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· For the possible SS block time locations following mapping is followed:

· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols

· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols

· Note: slot is defined based on SS subcarrier spacing

· At most two possible  SS block time locations are mapped to one slot of 14 symbols

· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols

· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols

· Note: slot is defined based on SS subcarrier spacing

· At most two possible  SS block time locations are mapped to one slot of 14 symbols

· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols

· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols

· Note: slot is defined by 240 kHz subcarrier spacing

· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each

· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing

· Mapping of SS block time locations for NR unlicensed band operation is FFS

· Above agreements does not preclude 7 OFDM symbol slot operation
· For 15k Hz and 30 kHz subcarrier spacing of SSB for L=4 and L=8, the following mappings of SSB to slots within 5 ms SS burst set window radio are defined:
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· For 120 kHz and 240 kHz subcarrier spacing of SSB for L=64 the following mappings of SSB to slots within 5 ms SS burst set window are defined:
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2.2.  MGL

Based on RAN1 agreement, the SSB slots duration can be calculated in the following table,
Table 1. SSB slots duration

	Frequency range
	SCS
	L
	SSB Slot snumber
	Tss-slot (ms)
	Duration of SSB slots 

	up to 3 GHz
	15 kHz
	4
	2
	1
	2ms

	up to 3 GHz
	30 kHz
	4
	2
	1/2
	1ms

	from 3 GHz to 6 GHz
	15 kHz
	8
	4
	1
	4ms

	from 3 GHz to 6 GHz
	30 kHz
	8
	4
	1/2
	2ms

	from 6 GHz to 52.6 GHz
	120 kHz
	64
	32
	1/8
	4ms

	from 6 GHz to 52.6 GHz
	240 kHz
	64
	32
	1/16
	2ms


The candidates of MGL is {3,4,5}ms and the baseline MGL is approved as 6ms. From table 1, we can find that there are two main groups: {1,2}ms and {4}ms; regarding the tuning/retuning margin in the gap duration, the 4ms SSB slots duration can be covered by 5ms gap and 6ms gap, but there is no big different between 5ms and 6ms gaps from the other aspects, and therefore we would like to use 6ms gap to cover 4ms SSB slots duration case to minimize the UE complexity. For SSB slots duration of {1,2}ms; the 3ms MGL may be available to cover those cases, especially in mmWave case. So we would like to narrow down the candidate shorter MGL to {3ms} only.
· MGL for Sub 6GHz

In LTE gap enhancement, by the accurate timing information between serving and target cells, it may configured a shortened gap to cover the PSS/SSS of target cell and this PSS/SSS is always on 5ms periodicity and 2 symbols, but in NR the time length SS blocks may be varied a lot according to different SCS and available SSB number on different frequency layers, it will be complicated for network to configure a flexible MGL for a specific frequency layer to cover all available SSBs. In Sub 6GHz L of the SSBs is up to 8 and the each SSB duration is 1ms(15KHz) or 0.5ms(30KHz), and the throughput loss from 6ms MGL is similar as LTE. And in addition, most likely, the same RFIC may be shared by LTE and sub-6GHz NR, and the gap can be shared between LTE and sub-6GHz NR measurement. So in this case we would like to use 6ms MGL for Sub6GHz for both NSA and SA.

For mmWave, since the SSB duration is much smaller than sub6GHz, then the throughput loss of 6ms MGL may be relatively big; and therefore 3ms MGL may need to be considered. For NSA, based on different UE implementation, two individual RFICs may be used for LTE and mmWave respectively. So there might be two cases:

Case 1: network configures a single gap per-UE for both LTE and mmWave measurements

Case 2: network configure gap per-frequency range for LTE and mmWave respectively, gap for LTE will not interrupt mmWave connection and vice versa 

For case1, MGL shall be able to cover both SSB of mmWave and PSS/SSS of LTE for cell identification. If 3ms MGL is used, that mean network may need rather high accuracy on the synchronization between LTE and RAT, otherwise this gap may not able to be shared by LTE and mmWave. So in this case, the 6ms MGL is more feasible from both network and UE complexity perspectives.
For case2, based on UE capability, if separated gaps are configured for LTE and mmWave respectively, then both of those gaps can use 3ms MGL and will not cause any interruption to each other.

For SA of mmWave, the 3ms MGL may be also feasible which is similar as case2 above.
Thus, the MGL summary of different scenarios are in the following table 2.

Proposal 1: MGL in NR can be defined as in table 2

Table 2. MGL proposal summary

	
	NSA
	SA

	Sub6GHz
	6ms
	6ms

	mmWave
	If single gap is configured for LTE and mmWave: 6ms

If separated gaps are configured for LTE and mmWave: {3ms, 6ms} for mmWave
	{3ms, 6ms}


2.3.  MGRP

Since various SS burst set period configuration may be used among different frequency layer group, e.g. {5, 10, 20, 40, 80, 160}ms,  the MGRP may be designed as the same order as SS burst set periodicity. However, from RRM perspective, it’s better to limit the gap to a limited density to make sure the UE QoS of data/voice, and therefore we propose to reuse the 40ms MGRP as the smallest value for the MGRP, that is, in time domain the density of gap in statistic cannot be greater than 6ms per 40ms.

The agreement in last meeting is “MGRP: 40ms, 80ms, 160ms”, but it was still FFS if shorter MGRP is needed. The benefit of shorter MGRP is the measurement delay might be also shortened which may improve the mobility performance. However, it’s better to carefully think of this issue for both sub 6GHz and mmWave scenarios:

· MGRP for sub 6GHz

Actually, this case is quite similar as LTE and the mobility performance from inter-frequency measurement delay based on 40ms/80ms MGRP is acceptable and the throughput loss due to MGRP is also acceptable. The SMTC configured from network might be 5ms/10ms/20ms/40ms/80ms/160ms but the smaller SMTC might be mostly used for intra-frequency measurement which includes serving cell monitoring and needs short measurement delay; for inter-frequency measurement, we can refer to DMTC of LTE SCE, which only have 40ms and 80ms, and therefore the SMTC of 40ms/80ms/160ms is more reasonable for inter-frequency measurement. Moreover, even network configures dense SMTC to the UE, it just provide the available occasion to receive the reference signal but doesn’t mean UE is mandated to measure on each SMTC periodicity. 

From the network throughput perspective, since the MGL=6ms is proposed to be used for sub 6GHz in our proposal 1, here in order to keep 6ms per 40ms density, we propose to use 40ms, 80ms and 160ms.

· MGRP for mmWave

Regarding the Tx beamforming, UE can have opportunity to iterate the measurement on all available SS blocks of different SS block index in one measurement window(5ms) since the SS blocks with different index in a SS burst set is supposed to use for different Tx beamforming patterns.

However, if considering Rx beamforming switching the same index SSB may need more opportunity that the non-mmWave case; for example, if UE is performing measurement on SSB#i of a target cell and UE support 4 analog Rx beamforming patterns, so in order to iterate all 4 Rx beamforming patterns UE may need four occasions to measure the SSB#i with Rx beamforming. In this case smaller MGRP may help to control the measurement delay, and of course it will also cost lots of resource for measurement. 
In the MGL discussion, for NSA, based on different UE implementation, two individual RFICs may be used for LTE and mmWave respectively. So we have two cases:

Case 1: network configures a single gap per-UE for both LTE and mmWave measurements

Case 2: network configure gap per-frequency range for LTE and mmWave respectively, gap for LTE will not interrupt mmWave connection and vice versa 

In case 1 MGL is 6ms while in case2 MGL can be 3ms or 6ms. So in order to keep 6ms per 40ms density, we propose that in NSA (1)if single gap is configured for LTE and mmWave the MGRP is {40ms, 80ms, 160ms} (2) if separated gaps are configured for LTE and mmWave the MGRP is {40ms, 80ms} for LTE and {20ms, 40ms, 80ms, 160ms} for mmWave; but the MGRP of 20ms can only be configured when MGL is configured as 3ms.

Similarly, in SA case, the MGRP for mmWave can be {20ms, 40ms, 80ms, 160ms}, but the MGRP of 20ms can only be configured when MGL is configured as 3ms.
Proposal 2: MGRP in NR can be defined as in table 3

Table 3 MGRP proposal summary

	
	NSA
	SA

	Sub6GHz
	{40ms, 80ms, 160ms}
	{40ms, 80ms, 160ms}

	mmWave
	If single gap is configured for LTE and mmWave: {40ms, 80ms, 160ms}

If separated gaps are configured for LTE and mmWave: {40ms, 80ms} for LTE, {20ms, 40ms, 80ms , 160ms} for mmWave
	{20ms, 40ms, 80ms , 160ms}


Note1: MGRP of 20ms can only be configured when MGL is configured as 3ms in mmWave

Note2: LTE measurement requirements with MGRP=160ms will not be specified
3. Conclusions

In this contribution we discuss the feasibility of using shorter MGL or MGRP for NSA/SA or sub6GHz/mmWave cases. 

Proposal 1: MGL in NR can be defined as in table 2

Table 2. MGL proposal summary

	
	NSA
	SA

	Sub6GHz
	6ms
	6ms

	mmWave
	If single gap is configured for LTE and mmWave: 6ms

If separated gaps are configured for LTE and mmWave: {3ms, 6ms} for mmWave
	{3ms, 6ms}


Proposal 2: MGRP in NR can be defined as in table 3

Table 3 MGRP proposal summary

	
	NSA
	SA

	Sub6GHz
	{40ms, 80ms, 160ms}
	{40ms, 80ms, 160ms}

	mmWave
	If single gap is configured for LTE and mmWave: {40ms, 80ms, 160ms}

If separated gaps are configured for LTE and mmWave: {40ms, 80ms} for LTE, {20ms, 40ms, 80ms , 160ms} for mmWave
	{20ms, 40ms, 80ms , 160ms}


Note1: MGRP of 20ms can only be configured when MGL is configured as 3ms in mmWave

Note2: LTE measurement requirements with MGRP=160ms will not be specified
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