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1 Introduction
Measurement gap is one of the most important issues in building NR RRM requirements, and it was extensively discussed in RAN4#84bis. An LS [1] was agreed which captures those aspects that require RAN2 signalling support. Also, a WF [2] was agreed which captures those aspects related to RAN4 further work. 
One open issue for RAN4 to further work is multi-layer measurement with gaps. The agreement in [2] related to multi-layer measurement is below.
	· Gap sharing between intra-frequency with gap  and inter-frequency measurement

· Configurable by NW with up to 4 levels including equal sharing


Besides the level of gap sharing between intra- and inter-frequency measurements, the scaling factor Nfreq is another issues that is important for the core requirements, and we understand it has not been fully discussed in RAN4.
In this paper, we will provide our views on multi-layer measurement with gaps.

2 Discussion 
2.1 Scaling with Nfreq
In LTE, the inter-frequency and inter-RAT measurement performance is scaled with Nfreq, which is the total number of configured carriers for UE to measure. The reason is that UE has to measure all carriers in sequence, so on average each carrier is measured with an interval of Nfreq*MGRP.

For NR another dimension to be considered in measurement performance is the SMTC period. If only one inter-frequency carrier is concerned, the measurement interval would be max(MGRP, SMTC period). Therefore, when multiple carriers are measured, the baseline requirement should be based on max(MGRP, SMTC period)*Nfreq.
Observation 1: As baseline, requirement for gap based measurement is based on max(MGRP, SMTC period)*Nfreq, where Nfreq is the total number of carriers configured for measurement.

However, there are clearly some optimization that may significantly improve the measurement performance, if network configures SMTC and gaps smartly and UE uses the gaps smartly. We describe two issues to consider below with the example in Figure 1, assuming MGRP is 20ms.

· Different SMTC periods on different carriers 
F1 and F2 in Figure 1 are considered for this case. There can be at least two ways for UE to use the gaps. 
· One is that UE measures F1 and F2 with every other gap instance. This means the performance for F1 should be scaled by 2 based on 20ms measurement interval, while performance for F2 should not be scaled based on 40ms measurement interval. 
· Another way to use the gaps is that UE measures F2 in the first gap instance and F1 in the next three instances, and repeats this pattern. This means the performance for F1 should be scaled with 4/3 based on 20ms interval while F2 should be scaled by 2 based on 40ms interval. 

In any case, the performance is better than the baseline, which is scaling F1 by 2 based on 20ms interval and scaling F2 by 2 based on 40ms interval.
· Non-overlapping SMTC on different carriers 
F2 and F3 in Figure 1 are considered for this case. It’s clear that with non-overlapping SMTC the two carriers can be measured alternately. Performance for both carriers do not need to be scaled based on 40ms interval. The measurement latency is halves compared to the baseline where both F2 and F3 are scaled by 2 based on 40ms interval.
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Figure 1: Example of SMTC and MG configuration for performance improvement 

Observation 2: The measurement performance can be better than the baseline case, at least in case of different SMTC periods on different carriers or non-overlapping SMTC on different carriers.
Based on the two observations, defining the scaling in the measurement requirement as in the baseline case, i.e. Nfreq is the total number of carriers configured for measurement, is clearly too pessimistic, so we think some optimization should be considered in the requirement. We are open to discuss a common rule accounting for possible cases.
Proposal 1: RAN4 to consider the following cases in defining the scaling factor for measurement performance

· different SMTC periods on different carriers 
· non-overlapping SMTC on different carriers
Another issue we want to address is the parallel measurement for per FR independent gap. Parallel measurement has already been introduced in Rel-14 gap enhancement WI, and the basic idea is that when UE has multiple RF chains, UE can measure multiple carriers simultaneously provided that the measured carriers can form a valid CA or DC combination. The benefit of parallel measurement is clear, that the measurement latency can be shortened by N times if N carriers can be measured in parallel. 
Parallel measurement is not considered for per UE gap even UE would have most likely two RF chains to support EN-DC. The reason is that it may not be guaranteed that any one carriers from the group of carriers served by RF chain#1 would form a valid combination with any carrier from the group of carriers served by RF chain#2. However, we understand the situation is different in per FR gap, as the RF are rather independent for FR1 carriers and FR2 carriers, which makes parallel measurement possible. Enabling parallel measurement would be another advantage of per FR gaps.
Proposal 2: Parallel measurement between FR1 carriers and FR2 carriers is assumed in measurement performance for per FR gap.
2.2 gap sharing between intra- and inter-frequency 

In RAN4#84bis, it is agreed to introduce 4 levels for gap sharing which is configurable by the network. The intention is to re-use the same approach as defined in LTE eMTC. In eMTC discussion the main consideration is that intra-frequency measurement should be prioritized over inter-frequency, so the in minimum the gap allocated for intra-frequency measurement is same as the overall gaps for inter-frequency (gaps allocated for inter-frequency will be equally shared among all inter-frequency carriers). 
	Network signaling ParameterName (to be determined by RAN2)
	Value of X (%)

	‘00’
	[Equal split]

	‘01’
	[40]

	‘10’
	[50]

	‘11’
	[60]


The sharing levels for eMTC CEMoeA are copied above. In our view, it can be re-used for NR. 

Proposal 3: Reuse the gap sharing levels for eMTC CEMoeA.

Finally, we will discuss when the gap sharing between intra- and inter-frequency measurement should be enabled. Clearly, the gaps need to be shared when intra-frequency measurement is gap based, e.g. at least when the SSB is outside the UE active BWP. However, depending on network configuration of measurement gaps and SMTC for intra-frequency, it may happen that all SMTC for intra-frequency measurement are overlapping with gaps. In this case, intra-frequency measurement has to be gap based and gap sharing should be enabled.

Proposal 4: Gap sharing is enabled when UE requires gaps for intra-frequency measurement, or when SMTC for intra-frequency measurement are fully overlapping with gaps.
3 Conclusions 

In this paper, we provided our views on multi-layer measurement with gaps.

Observation 1: As baseline, requirement for gap based measurement is based on max(MGRP, SMTC period)*Nfreq, where Nfreq is the total number of carriers configured for measurement.
Observation 2: The measurement performance can be better than the baseline case, at least in case of different SMTC periods on different carriers or non-overlapping SMTC on different carriers.
Proposal 1: RAN4 to consider the following cases in defining the scaling factor for measurement performance

-
different SMTC periods on different carriers 

-
non-overlapping SMTC on different carriers
Proposal 2: Parallel measurement between FR1 carriers and FR2 carriers is assumed in measurement performance for per FR gap.
Proposal 3: Reuse the gap sharing levels for eMTC CEMoeA.
Proposal 4: Gap sharing is enabled when UE requires gaps for intra-frequency measurement, or when SMTC for intra-frequency measurement are fully overlapping with gaps.
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