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1 Introduction
RAN4 has completed the UE RRM requirements for the support of NSA option 3 (EN-DC) in RAN4#85. However, due to time limit, some core requirements are still open. 

One issue is the exact measurement performance of intra- and inter-frequency measurements with gaps. There are some papers in RAN4#85 addressing this issue, e.g. [1]-[3], but the issue was not actually discussed. As a result, in section 9.2 and 9.3 the performance requirements are still not defined. 
In this paper, we will provide our views on gap sharing among carriers and its impact on the performance requirements. 
2 Discussion
2.1 Gap sharing between intra- and inter-frequency
It is agreed in RAN4#84bis that for NR there will be 4 levels of gap sharing between intra- and inter-frequency measurement, which is configurable by the network. The intention is to re-use the same approach as defined in LTE eMTC, so X percent of gaps are used for intra-frequency carriers, and the remaining (1-X) percent are shared among inter-frequency carriers. This has been already captured in section 9.1.2 of current 38.133.

	When UE requires measurement gaps to identify and measure intra-frequency cells or when SMTC configured for intra-frequency measurement are fully overlapping with measurement gaps, and when UE is configured to identify and measure cells on inter-frequency carriers, 

- the performance of intra-frequency measurement as specified in section 9.2 is scaled by Kintra = 1 / X * 100, 

- the performance of inter-frequency measurement as specified in section 9.3 is scaled by Kinter = 1 / (100 – X) * 100,

where X is a signalled RRC parameter TBD and is defined as in Table 9.1.2-5.
Table 9.1.2-5: Value of parameter X

Network signaling ParameterName (to be determined by RAN2)

Value of X (%)

‘00’

[TBD]

‘01’

[TBD]

‘10’

[TBD]

‘11’

[TBD]




What is missing is the exact numbers for X. It is common understanding that the equal split of gaps between intra-and inter-frequency measurements will be supported. However, unlike in LTE eMTC, how to define equal split needs some discussion in NR. At least two factors should be discussed before RAN4 defines equal split: 
· there could be more than one serving cells in LTE or NR, 
· in case of per FR gap carriers in one FR does not share gaps with carriers in the other

For the remaining 3 values for X, we think it is reasonable to have values with considerable differences, and our proposal is 25, 50 and 75. 
Proposal 1: Gap sharing factor between intra- and inter-frequency measurements are defined as ‘equal split’, 25, 50 and 75. RAN4 needs to further discuss how to define ‘equal split’.   

2.2 Parallel measurement for per FR gap

Parallel measurement for per FR independent gap has been proposed in [1]-[3]. It 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.
2.3 Gap sharing among inter-frequency carriers
Next, we discuss the gap sharing among inter-frequency carriers. Of course, based on Proposal 2, we are discussing those inter-frequency carriers who share the gaps with each other.  
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). If all the inter-frequency carriers have the same SMTC configuration (period and offset), the performance should be scaled as max(MGRP, SMTC period)*Nfreq.

However, the use of gaps could be more complex and needs more discussion when SMTC on different carriers are configured with different period and/or offset. As an example, we describe two factors to consider below with the example in Figure 1, assuming MGRP is 20ms.

· Partial overlapping SMTC on different carriers 

F1 and F2 in Figure 1 are considered for this case. The worst-case requirement would be to scale performance on both carriers by 2. However, UE can easily achieve better performance. For example, there are 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 worst case.

· 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 worst case 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 

In [2] it is proposed to handle the non-overlapping SMTC by grouping carriers with overlapping SMTC into one groups, and the scaling with number of carriers only applies on group level. We understand this can address the simple case e.g. when only F2 and F3 in Figure 1 are measured. However, [2] also proposed to handle partial overlapping case as full overlapping, which, in our understanding, is too pessimistic. For example, with such approach, with configuration like in Figure 1, there would be only one group and performance for all 3 carriers will be scaled by 3. 
In our view, RAN4 should strive to find a good way in defining the inter-frequency measurement performance scaling to account for reasonable use of gaps based on configured SMTC.
Proposal 3: RAN4 should strive to find a good way in defining the inter-frequency measurement performance scaling to account for reasonable use of gaps based on configured SMTC, including 
· Partial overlapping SMTC on different carriers 

· non-overlapping SMTC on different carriers 
3 Conclusions 

In this paper, we provided our views on the gap sharing for NR intra- and/or inter-frequency measurements. 
Specifically, we have the following proposals.

Proposal 1: Gap sharing factor between intra- and inter-frequency measurements are defined as ‘equal split’, 25, 50 and 75. RAN4 needs to further discuss how to define ‘equal split’.
Proposal 2: Parallel measurement between FR1 carriers and FR2 carriers is assumed in measurement performance for per FR gap.
Proposal 3: RAN4 should strive to find a good way in defining the inter-frequency measurement performance scaling to account for reasonable use of gaps based on configured SMTC, including 

-
Partial overlapping SMTC on different carriers 

-
non-overlapping SMTC on different carriers
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