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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 and to be decided in this meeting. 
	· Atl1: The delay requirement is unified among different carriers, and the requirement of inter-frequency carrier #i can be expressed as: 
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· Atl2: The delay requirement is per-carrier defined for each carrier, and the requirement of inter-frequency carrier #i can be expressed as: 
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· The value of scaling factor in each carrier Nscaling1,carrier_i = Nfreq,fully + Nfreq,partially + 1 ≤ Nfreq 
· Where Nfreq,fully is the number of carriers whose SMTC occasions are fully colliding with the SMTC occasions of carrier #i. 
· Where Nfreq,fully is the number of carriers whose SMTC occasions are partially colliding with the SMTC occasions of carrier #i. 
· Atl3: The delay requirement is per-carrier defined for each carrier, and the requirement of inter-frequency carrier #i can be expressed as: 
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· The value of scaling factor in each carrier Nscaling2,carrier_i ≤ Nfreq 
· The scaling factor is based on the assumption
· The detailed principles to decide the value of Nscaling,carrier_i refer to the Proposal 1 in [R4-1803787, Ericsson]
· Atl4: The delay requirement is per-carrier defined for each carrier, and the requirement of inter-frequency carrier #i can be expressed as: 
[image: ]
· The value of scaling factor in each carrier Nscaling3,carrier_i ≤ Nfreq 
· The detailed principles to decide the value of Nscaling,carrier_i refer to Page 4 in [R4-1804608, NTT DOCOMO]
· Conclusion on the methodology of defining inter-frequency measurement requirements will be expected in RAN4#87 meeting.
· Companies are encouraged to provide analysis and investigation on four alternatives of defining the inter-frequency measurement requirements in considering of the following aspects
· Factor 1: Margin for UE implementation
· Factor 2: Gap utilization
· Factor 3: Trade-off between Factor 1 and Factor 2.


[bookmark: _Hlk513205847]In this paper, we will provide our views on how to define scaling factor for inter-frequency 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.
Scaling for only NR inter-frequency layers
In [2] we have given an algorithm for deriving the scaling factor when only NR inter-frequency layers are considered. The algorithm is presented below. It is essentially same as Alt3 as in Proposal 1 of [3].
1) Denote N as the ratio between the longest SMTC period and the shortest SMTC period among all carriers in a group.
2) For N consecutive SMTC occasions of the shortest SMTC period, 
a. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N).
b. Determine S(f,n) assuming each occasion is equally shared among all carriers with SMTC present. 
3) 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)
4) Denote the p(f) as the ratio between the longest SMTC period and the SMTC period of f-th carrier, the performance of the f-th carrier in the group is 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 in section 2.2 is that 
· [bookmark: _Hlk513749174]Each MG occasion is used for measurement for inter-frequency layers whose SMTC are present at the occasion. 
· All inter-frequency 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. 
As to the trade-off between Factor 1 (Alt2) and Factor 2 (Alt3), we understand Alt3 leads to better performance than option 2, and the only issue is that Alt3 may be more difficult to be captured in the specification. However, we think it is still manageable, e.g. as some companies proposed in RAN4#86bis, the scaling factor is only a variant in the requirement and how to derive it can be captured in a subsection. 
[bookmark: _Ref513750188]Alt3 is adopted since it gives best MG utilization, leaves enough UE implementation flexibility in terms of scheduling measurement in each MG occasion, and there is no issue in capturing it in the specification.
Consideration on intra-frequency measurements with MG
In [2] we only consider the scaling factor when there are only NR inter-frequency layers. However, intra-frequency measurement when performed in MG should be also considered as there is MG sharing between intra- and inter-frequency measurement. Intra-frequency measurement in MG includes 1) UE active BWP does not contain CD-SSB and 2) intra-frequency SMTC are fully overlapping with MG.
As discussed in our companion paper [4], in a MG occasion where MG sharing applies, if X is numerical number (25%, 50% or 75%), all intra-frequency layers will equally share X percent of this MG occasion, and all inter-frequency layers will equally share (1-X) of this MG occasion; if X is ‘equal split’, all intra- and inter-frequency layers will equally share the 100% of this MG occasion.
The algorithm can be simply updated as follows to take intra-frequency measurements and MG sharing into account. One should note that with other alternatives it is not possible to integrate the configurable MG sharing scheme as well as Alt3. 
1) Denote N as the ratio between the longest SMTC period and the shortest SMTC period among all carriers in a group.
2) For N consecutive SMTC occasions of the shortest SMTC period, 
a. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N).
b. Determine S(f,n) assuming:
i. If there is at least one intra-frequency layer and one inter-frequency layer whose SMTC are present, 
1. if X for MG sharing is numerical number, X of the occasion is equally shared among all intra-frequency carriers with SMTC present, and (1-X) of the occasion is equally shared among all inter-frequency carriers with SMTC present
2. if X for MG sharing is ‘equal split’, the occasion is equally shared among all carriers with SMTC present
ii. Else, the occasion is equally shared among all carriers with SMTC present. 
3) 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)
4) Denote the p(f) as the ratio between the longest SMTC period and the SMTC period of f-th carrier, the performance of the f-th carrier in the group is p(f)/G(f).
Consideration on LTE measurement 
In [2] we only consider the scaling factor when there are only NR inter-frequency layers. However, MG based LTE measurement should be also considered. Since LTE layers can be measured every 5ms, and the smallest MGRP is 20ms, an LTE layer can be considered as NR layer with SMTC present in every MG occasion. The algorithm can already handle the LTE measurement. 
Conclusion
In this paper, we provided our views on how to define scaling factor for inter-frequency 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 in each MG occasion, and there is no issue in capturing it in the specification.
The final algorithm following Alt3 can be described as following, also taking intra-frequency measurement and LTE measurement into account.
1) Denote N as the ratio between the longest SMTC period and the shortest SMTC period among all carriers in a group.
2) For N consecutive SMTC occasions of the shortest SMTC period, 
a. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N).
b. Determine S(f,n) assuming:
i. If there is at least one intra-frequency layer and one inter-frequency layer whose SMTC are present, 
1. if X for MG sharing is numerical number, X of the occasion is equally shared among all intra-frequency carriers with SMTC present, and (1-X) of the occasion is equally shared among all inter-frequency carriers with SMTC present
2. if X for MG sharing is ‘equal split’, the occasion is equally shared among all carriers with SMTC present
ii. Else, the occasion is equally shared among all carriers with SMTC present. 
[bookmark: _GoBack]Note: LTE carriers are considered to have SMTC present in each MG occasion.
3) 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)
4) Denote the p(f) as the ratio between the longest SMTC period and the SMTC period of f-th carrier, the performance of the f-th carrier in the group is p(f)/G(f).
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