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1. Introduction

In RAN4 #84 meeting the NR measurement gap related consensus was captured in the agreed Way Forward [1].
	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 provide our further considerations on the measurement gaps.
2. Discussion
2.1. MGL

The latest RAN1 agreements on SS block composition are as below. 

	Agreements:
· Candidate OFDM symbol position within half radio frame for SS/PBCH block for 120/240kHz SCS is modified as below
· 120 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.

· 240 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.
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Then the maximum SS burst set length could be calculated in Table 1.
Table 1. SS block burst length
	
	SCS
	Maximum SS block number (L)

	
	
	4
	8
	64

	Below3GHz
	15 kHz
	2ms
	-
	-

	
	30 kHz
	1ms
	-
	-

	3GHz ~6 GHz
	15 kHz
	-
	4ms
	-

	
	30 kHz
	-
	2ms
	-

	6 GHz ~52.6 GHz
	120 kHz
	-
	-
	4.75ms

	
	240 kHz
	-
	-
	2.25ms


If the measurement object carrier frequency is below 3GHz, the maximum transmitted SS block burst length shall be smaller than 2ms. Considering the RF tuning/retuning time, it is possible to introduce 3ms small measurement gap length. 
If the measurement object frequency is above 3GHz or above 6GHz, the transmitted SS burst set length depends on the actual configured beam numbers and SS SCS. In some cases the SS burst set length may be smaller while under some cases the SS burst set may achieve 4.75 ms. In the last RAN4 meeting, an LS was sent to RAN1[2].

	RAN4 has agreed 5MHz and 50MHz to be applicable minimum carrier bandwidths for many Sub-6GHz and mmWave NR bands. However, for bands where these minimum bandwidths are required, there is also need on higher SS SCS due to either LTE-NR co-existence or wider minimum CH BW deployment need. Hence the support of 10MHz and 100MHz minimum carrier bandwidths associated with 30kHz and 240kHz SS SCS for these bands is unclear from RAN4 perspective.


It implies that the default SS SCS on frequency is not settled down and it is possible that there are multiple SCS on a certain frequency from RAN4 RF point of view. For neighour cell measurement (e.g., inter-frequency measurement), the serving cell can judge the length of  the  SS burst set of the target cell only if the serving cell knows the actual SS block transmission and the SS SCS on that frequency. In our understanding, these information are not always available. Thus for the measurement object above 3GHz, the simplest and reliable way is still using 6ms measurement gap length.
Proposal 1: For measurement object of below 3GHz, it is possible to introduce small MGL; For measurement object of above 3GHz, it is suggested to reuse 6ms MGL in NR.
2.2. MRGP
It is agreed in the last meeting, the MGRP for NSA is {40, 80, 160}ms. The intention of introducing of  160ms MGRP is to cover the 160ms SS burst set periodicity and power saving. In order not to impact the LTE inter-frequency measurement, the 160ms is not configured for LTE. For SA, NR and LTE are separate, so the 160ms MGRP has no impact on the LTE measurement as well.
Proposal 2: MGRP is {40, 80, 160}ms for SA.
2.3. Inter-frequency measurement

The following agreements were approved in RAN1 NR AH#2 meeting.
	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


RAN1 had an LS [3]:
	· 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


In the following three cases are analysed from measurement gap configuration point of view.

Case 1: Single measurement gap configuration

Figure 1 illustrates an example in which the SS burst set periodicity of F1 and F2 is 20ms and 160ms respectively. A single measurement gap pattern is configured. The MGL is 6ms and MGRP is 40ms. In this case the SS blocks of F1 and F2 shall be fallen into the measurement gap window. This doesn’t imply the strict alignment of the SMTC offset of F1 and F2. Since SS blocks of each frequency may not completely fill in the 5ms measurement gap window, the offset of two frequencies could be misaligned within certain range. In other words, the SMTC configuration could be different for different frequency. However there is a condition, and the condition could be described as below (similar as Short MGL gap in LTE):
“A UE configured with single gap pattern, shall be able to detect a target cell if the SS blocks of the target cell begins no earlier than [x]us from the start of the measurement gap and if the SS blocks of the target cell ends no later than [x]us before the end of the measurement gap.” 
In essence, the SMTC configuration is similar as DMTC configuration in Small cell enhancement and LAA in LTE. In LTE a single gap pattern is configured and no special handling is considered. All the measurement requirements based on discovery signal are based on the assumption that the discovery signals of different frequencies are covered in measurement gap window.
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Figure 1. Single measurement gap pattern
Of course if the single SMTC is configured across different frequency, that means that SMTC periodicity, offset and duration of different frequency is the same, the inter-frequency measurement shall be based on the single measurement gap pattern.
Observation 1:
 -A Single measurement gap pattern could be configured if single SMTC is configured across different frequency carriers;

--A Single measurement gap pattern could be configured if SMTC is configured per frequency and the union of SMTC of different frequency layer could be covered by a single measurement gap pattern.
Case 2: Measurement gap configuration per measurement object, including gap offset and MGRP
This case applies to the scenario where the union of SMTC of different frequency layer can not be covered by a single measurement gap pattern. In this case, measurement gap is configured per frequency. 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. So eventually in LTE although per serving cell measurement gaps are introduced, there are some restrictions on the per frequency gaps: same MGRP and same gap offset. 
In this case if measurement gap offset of each frequency is not overlap, then more data outage points on serving cell(s) are introduced as shown in Figure 2.Then the resource utilization will be degraded compared with single measurement gap configuration case. 
Observation 2: A great deal of data outage points on serving cell(s) are introduced if the measurement gap is configured per measurement object with different gap offset
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Figure 2 measurement gap per frequency
Case 3: Measurement gap configuration per measurement object group including gap offset and MGRP
The idea is proposed in [4] at last meeting. In essence, the idea is UE based measurement gap. The frequency layers can be grouped into one group as long as measurement windows on those frequency layers are synchronous. The real gap offset UE performed is variable (i.e., the gap interval is not fixed). A detailed gap pattern including gap usability indication shall be indicated to UE. UE shall measure one specific carrier frequency at certain gap according to the indication. 
The idea gives restrictions on UE implementation. Furthermore when the frequency group number increases, the indication overhead would increase accordingly. So the signalling overhead introduced by the idea shall be carefully evaluated.
Observation 3: The measurement gap configuration per measurement object group shall consider the signalling overhead.
Regarding the LS from RAN1, it could be summarized as proposal 3.
Proposal 3:

-A Single measurement gap pattern could be configured if single SMTC is configured across different frequency carriers;

--A Single measurement gap pattern could be configured if SMTC is configured per frequency and the union of SMTC of different frequency layer could be covered by a single measurement gap pattern.
3. Conclusions

This contribution provides the further consideration on measurement gaps. The following observations and proposal are provided:
Proposal 1: For measurement object of below 3GHz, it is possible to introduce small MGL; For measurement object of above 3GHz, it is suggested to reuse 6ms MGL in NR.
Proposal 2: MGRP for SA is {40, 80, 160}ms.
Proposal 3:

-A Single measurement gap pattern could be configured if single SMTC is configured across different frequency carriers;

--A Single measurement gap pattern could be configured if SMTC is configured per frequency and the union of SMTC of different frequency layer could be covered by a single measurement gap pattern.

.
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