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Introduction
[bookmark: _Hlk513205245]RAN4 is discussing the inter-frequency measurement requirements for NR. The main open issue is how to define the requirements to account for the different SMTC (including period and offset of SMTC) on different layers.  In RAN4#86bis, WF [1] is agreed and four alternatives in deriving the scaling factor are listed. In RAN4#87, different alternatives are discussed but without conclusion. 
[bookmark: _Hlk513205847]In this paper, we will provide our views on how to define scaling factor for gap based measurements. 
Discussion
[bookmark: _Hlk513733380]Carrier grouping 
Depending on the SMTC period and offset, inter-frequency layers can be grouped into different groups. The grouping has been discussed for several RAN4 meetings, and it seems RAN4 has reached common understanding on full overlapping case and full non-overlapping case.
· Full overlapping: carriers with all SMTC occasion overlapping should be in the same group
· Full non-overlapping: carriers that have no SMTC occasion overlapping should be different groups
However, the partial overlapping case has not been fully discussed. In Figure 1, we give an example of partial overlapping. In the figure, F2 and F3 has no SMTC occasion overlapped with each other, so if only these two carriers are considered, they should not be in the same group. However, they both have overlapping SMTC occasions with F1, i.e., F1 and F2 have some but not all SMTC occasions overlapping with each other and same is for F1 and F3.  
[image: ]
[bookmark: _Ref510707895]Figure 1: example of partial SMTC overlapping
In this case, we understand the performance scaling of F1, F2 and F3 should be derived together, and we cannot put F2 or F3 in a separate group and define its requirement without considering F1. Therefore, if two carriers have overlapping SMTC occasion with each other, they should be in the same group. In the example in Figure 1, this means that because F1 and F2 have overlapping SMTC they are in the same group. As F1 and F3 also have overlapping SMTC they are in same group. The final outcome is that F1, F2 and F3 are all in the same group.
[bookmark: _Ref510714248]Two carriers with overlapping SMTC occasion with each other should be in the same carrier group.
Algorithm for deriving the scaling factor
In [2] we have given an algorithm for deriving the scaling factor also considering the gap based intra-frequency measurement and measurement on E-UTRA/UTRA/GSM. The algorithm is presented below, and it is essentially very similar to Alt3 in [1].
1. Denote N as the ratio between the longest SMTC period in a group and the MGRP.
1. For N consecutive SMTC occasions, 
0. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N).
0. Denote Y and Z as the number of intra-frequency and inter-frequency/RAT carriers whose SMTC windows are present at n-th SMTC occasion; 
0. Determine S(f,n) as:
2. If there is at least one intra-frequency layer and one inter-frequency/RAT layer whose SMTC are present, i.e. Y > 0 and Z > 0, 
0. if X for MG sharing is numerical number, S(f,n) = Kintra/Y for each intra-frequency carrier whose SMTC occasion is present, and S(f,n) = Kinter/Z for each inter-frequency carrier whose SMTC occasion is present
0. if X for MG sharing is ‘equal split’, S(f,n) = 1/(Y+Z) for each carrier whose SMTC occasion is present
2. Else, S(f,n) = 1/(Y+Z) for each carrier whose SMTC occasion is present. 
1. For each of the F carriers, calculate the available number of gaps available for measurements within the longest SMTC period as G(f) = S(f,1) + S(f,2) + … + S(f,N)
1. Denote the p(f) as the ratio between the longest SMTC period and the SMTC period of f-th carrier, carrier specific scaling factor CSFinter for the f-th carrier CSF(f) = p(f)/G(f).

Next, as a simple example, we will apply the algorithm to the configuration in Figure 1.
1) It is clear that N = 2.
2) For 2 consecutive SMTC occasions we get S(f,n) as
· S(1,1) = 1/2, S(2,1) = 1/2, S(3,1) = 0
· S(1,1) = 1/2, S(2,1) = 0, S(3,1) = 1/2
3) For each of the 3 carriers, we get the available gaps within 2 SMTC periods as 
· G(1) = 1/2 + 1/2 = 1
· G(2) = 1/2 + 0 = 1/2
· G(3) = 0 + 1/2 = 1/2
4) For each of the 3 carriers, we get the carrier scaling factor (CSF) as 
· p(1) = 2, CSF(1) = p(1)/G(1) = 2
· p(2) = 1, CSF(2) = p(1)/G(1) = 2
· p(3) = 1, CSF(3) = p(1)/G(1) = 2
The key of the algorithm is that 
· [bookmark: _Hlk513749174]Each MG occasion is used for measurement of layers whose SMTC are present at the occasion. 
· All layers whose SMTC are present are given equal priority so they take equal share of MG occasion. 
· The time window that needs to be considered corresponds to the largest SMTC period among all layers in the group, as SMTC presence would be repeated at this periodicity.  
· The scaling factor for each layer is then determined based on the total measurement opportunity in all MG occasions in the period. 
As can be seen, the algorithm does not force UE to measure certain layer in any MG occasion. The only assumption on the UE side is that each MG occasion is equally shared among all layers which have SMTC present that at occasion. We understand this should be a reasonable assumption, and UE can still decide how to schedule the measurement as long as the requirements are met. 
The scaling factor applied to each carrier frequency will be predictable allowing the network visibility to the expected UE measurement performance and measurement delay. This is important information for the network for enabling timely configurations.
The algorithm is also best in terms of MG utilization, as each MG occasion is used for measurement. Other alternatives will give more or less a relaxed requirement, which means not all MG occasions are used by UE for measurement. RAN4 should not design/define scaling requirements assuming not all measurement gaps are used efficiently. It is not a good system design principle as it causes waste of air interface resources. 
The algorithm is also best among all alternatives in that it can best inter-work with MG sharing between intra-frequency and inter-frequency/RAT measurement. As the usage is determined for each MG occasion, it is possible to define the requirement such that MG sharing only applies when it is needed, i.e. there is no need to reserve 50% of a MG occasion for intra-frequency, if there is no intra-frequency layer with SMTC present in this occasion. For other alternatives, the requirement can only be defined in the way that MG sharing always applies, and this will clearly make the requirements unnecessarily relaxed.
[bookmark: _Ref513750188]Alt3 is adopted since it gives best MG utilization, leaves enough UE implementation flexibility in terms of scheduling measurement, and it can best inter-work with MG sharing.
Potential issues with the algorithm 
In RAN4#87, some concerns on Alt3 were raised. 
One issue is the measurement of other RAT than NR (E-UTRA, UTRA and GSM). Since these layers can be measured in any 5ms window, and the smallest MGRP is 20ms, such a layer can be considered as NR layer with SMTC present in every MG occasion. It means the scaling factor of these layers will be small compared to NR layers with SMTC period larger than MGRP. We think this is straightforward, and we don’t see any problem with it. Also, we didn’t see any other principle proposed for other alternative. It should be also noted that with configurable MG sharing, network can always adjust the priority between intra-frequency measurement and inter-frequency/RAT measurement. 
[bookmark: _Ref517439794]In deriving the scaling factor with Alt3, layers with other RAT than NR are considered to have SMTC present in every MG occasion.
Another issue is about the feasibility for UE to meet the requirement derived with Alt3. In offline discussions in RAN4#87, some companies showed that UE may not be able to get enough number of measurement samples (e.g. 5 samples as in current intra-frequency requirement) in some MO configurations. The algorithm assumes UE on average use the MG occasion equally for measuring the layers with SMTC present, but the actual number of times UE measures a particular layer during a certain number of MG occasions can be larger or smaller than the average value, and is depending on how UE schedules the measurement among layers.   
There are several options to solve the problem
· UE is required to schedule the measurement properly so as to meet the requirement. It means for some specific configurations (number of MOs and SMTC on those MOs) UE needs to design the measurement scheduling instead of using a simple round-robin measurement. 
· Add margin in number of samples in the delay requirement. For example, the current cell detection and measurement requirements are assuming 5 samples (SMTC periods) as measurement period. In order to ensure UE can get enough samples in worst case, the measurement period can be relaxed assuming 6 samples are needed.
· Add margin in the scaling factor. For example, if the derived scaling factor is N after ceiling, a factor N+1 will be used when defining the requirements. 
In our view, it is ok to add some margin to cover the worst case as RAN4 is only defining the minimum requirements. Besides the exact margin, RAN4 should also discuss whether the margin is added generically or only for the cases where UE fails to meet the requirement with round robin measurement. 
[bookmark: _Ref517439795]RAN4 should further discuss how to handle the issue that UE may not be able to meet the requirements based on Alt3 if following simple round robin measurement.  
Conclusion
In this paper, we provided our views on how to define scaling factor for gap based measurements.
Proposal 1: Two carriers with overlapping SMTC occasion with each other should be in the same carrier group.
Proposal 2: Alt3 is adopted since it gives best MG utilization, leaves enough UE implementation flexibility in terms of scheduling measurement, and it can best inter-work with MG sharing.
Proposal 3: In deriving the scaling factor with Alt3, layers with other RAT than NR are considered to have SMTC present in every MG occasion.
Proposal 4: RAN4 should further discuss how to handle the issue that UE may not be able to meet the requirements based on Alt3 if following simple round robin measurement.
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