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1	Introduction
Inter-frequency measurement requirements are very essential for overall NR system performance, and have been discussed in several RAN4 meetings. So far, the progress on inter-frequency measurement requirements is slow since most of the requirements are based on the conclusions from intra-frequency discussions. 
On the other hand, there is one specific open issue for inter-frequency, i.e. how to define the requirements to account for the different SMTC configurations (including period and offset of SMTC) on different layers. In RAN4#86, WF [1] was agreed with the content copied below. Basically, RAN4 has discussed some options on how to define the performance scaling for inter-frequency measurement but has not reached the agreement.
	· Measurement objects with same SMTC periodicity and offset within the same FR range should share the same delay requirement.
· Strive to address the SMTC overlapping issue should be based on SMTC periodicity and offset grouping and each group has its own scaling factor
· The definition of SMTC periodicity and offset grouping is FFS
· When all SMTC occasions are non colliding (no measurement gap contains SMTC from more than one frequency layer) there is no need for an additional scaling factor
· Strive to keep UE measurement flexibility the same as LTE
· Companies are encouraged to suggest the principle to define the requirement methodologies within the below options:
· Option 1: unified delay requirement among different carriers SMTC configurations
· Option 2: requirements are defined per carrier (per SMTC configuration)
· Companies are encouraged to provide views on the impact of AGC issue
· FFS the delay caused by gap sharing with intra-frequency measurement and DRX mode.


In this paper, we will provide our views on how to define the scaling factor for inter-frequency requirements to account for different SMTC period and offset on different layers. 
2	Discussion
For the following discussions, the assumption is that all inter-frequency measurements are performed in MGs, and all SMTC occasions on each concerned inter-frequency layers fall into MGs. Of course, there may exist SMTC occasions outside MGs, e.g. if network configures SMTC period less than the MG period, but those SMTC occasions cannot be used for measurement so do not impact the measurement performance.
To simplify the discussion, we don’t consider intra-frequency in the discussion and assume all the MGs are available for inter-frequency. Also, no DRX or beam sweeping is considered. We understand the performance would be further scaled due to these factors (MG sharing with intra-frequency, DRX misalignment and beam sweeping in FR2). 
2.1	Grouping of carriers 
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.  
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[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, we think if two carriers have overlapping SMTC occasion with each other or with a same other carrier, they should be in the same group.
[bookmark: _Ref510714248]Two carriers with overlapping SMTC occasion with each other or with a same other carrier should be in the same carrier group.
2.2	Performance scaling within the group
In previous RAN4 meetings, there are several options to define the performance scaling within the group of carriers.
1) Scale the performance of each carrier by the number of carriers within the group
2) Define the common performance for all carriers in the group as the sum of individual delay requirement (scaling factor for each carriers can be derived from the performance)
3) Scale the performance of a carrier by the number of carriers within the group that have overlapping SMTC occasions with the concerned carrier
In Table 1, we calculate the scaling factor for the carriers in Figure 1 with the three different options. As can be seen, option 1 and 2 are pessimistic compared to option 3, and actually we can easily find a measurement arrangement that can achieve the performance of option 3, e.g. 1-1-2-3 or 2-3-1-1. 
[bookmark: _Ref510709715]Table 1: scaling factor for the example in Figure 1 with different options
	
	F1
	F2
	F3

	option 1
	3
	3
	3

	option 2
	5
	2.5
	2.5

	option 3
	2
	2
	2


Option 3 is good in handling the carriers without overlapping SMTC occasions within the group, however, it does not ensure efficient MG use for carriers with overlapping SMTC occasions but with different SMTC period. For example, in the simple case as in Figure 2, option 3 will give the scaling as [2 2] for F1 and F2, however, if F2 is measured every other SMTC occasion (which gives the scaling of 2), F1 can be measured more frequently, and the scaling factor should be 8/7 = 1.14. Of course, if we do not consider further scaling due to MG sharing with intra-frequency, beam sweeping, the difference between 1.14 and 2 is minor, but if we multiply all the scaling factors together, there will be a big difference on the requirement, e.g. if other scaling is 8, ceil(1.14*8) = 10 but ceil(2*8) = 16. 
[image: ]
[bookmark: _Ref510710406]Figure 2: example of carriers with overlapping SMTC occasions but different SMTC period
What we need is a mechanism to derive the scaling factor for each carrier within the group that considers both the difference in both period and offset of the SMTC configuration, and that is generic to work for any of configurations. 
In our view, it is impossible to define the exact measurement arrangement, i.e. at each SMTC occasion, which carrier should be measured by UE, instead this should be up to UE implementation. What RAN4 can define is the share among carriers at each MG occasion, e.g. if we consider Figure 1 and follow option 3, each MG occasion is equally shared among carriers which have SMTC occasions present. This is reflected by Table 2.
[bookmark: _Ref510712710]Table 2: share of different carriers at each MG occasion following option 3 for the example in Figure 1
	
	F1
	F2
	F2

	Occasion#1
	1/2
	1/2
	0

	Occasion#2
	1/2
	0
	1/2


In the example of Figure 1, we only need to consider two consecutive MG occasions since occasion#3 and #4 are repeating occasion #1 and #2. In general, the number of consecutive SMTC occasions that needs to be considered in deriving the performance scaling is ratio of longest SMTC period and shortest SMTC period among all carriers in the group. 
Denote this number as N, for consecutive N SMTC occasions of the shortest SMTC period, we can determine the share for each carrier assuming each occasion is equally shared among all carriers with SMTC present. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N), for Figure 1 we have 
· 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
Next, for each of the F carriers, we can calculate the available MG within the longest SMTC period as G(f) = S(f,1) + S(f,2) + … + S(f,N). For Figure 1, we have 
· G(1) = 1/2 + 1/2 = 1
· G(2) = 1/2 + 0 = 1/2
· G(3) = 0 + 1/2 = 1/2
Now we can calculate the scaling factor for each carrier from the available MG opportunities, taking into account the SMTC period of each carrier. For example, although F1 gets doubled MG opportunities than F2 and F3, the SMTC period of F1 is also half of F2 and F3. Denote the p(f) as the ratio of 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). For Figure 1 we have
· p(1) = 2, scaling factor is p(1)/G(1) = 2
· p(2) = 1, scaling factor is p(1)/G(1) = 2
· p(3) = 1, scaling factor is p(1)/G(1) = 2
Following above steps, from option 3 we get a generalized algorithm that can apply to any combination of SMTC configurations within a group. If we apply the algorithm to the example in Figure 2, we can get the scaling factor for F1 and F2 are [1.14, 2].
Our suggestion is to use the algorithm to derive the scaling factor for an inter-frequency carrier group. It can ensure each MG occasion is used by UE for measurement, and it does not force UE to measure any carrier in any specific MG occasion. The algorithm is general enough to work for any combination of SMTC configurations. Of course, with the algorithm there is no simple expression for the scaling factor as in 36.133, but we think the specification is still manageable, e.g. by having a subsection describing how the scaling factor is derived.  
[bookmark: _Ref510714250]Within a carrier group, the performance scaling factor should be derived in the following way 
1) Denote the N as the ratio of longest SMTC period and shortest SMTC period among all carriers in the group.
2) For consecutive N SMTC occasions of the shortest SMTC period, determine the share for each carrier assuming each occasion is equally shared among all carriers with SMTC present. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N). 
3) For each of the F carriers, calculate the available gap 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 of 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).
3	Conclusion
In this paper we provided our views on how to define RRM requirements for inter-frequency measurement in NR, to account for different SMTC period and offset on different layers.
Proposal 1: Two carriers with overlapping SMTC occasion with each other or with a same other carrier should be in the same carrier group.
Proposal 2: Within a carrier group, the performance scaling factor should be derived in the following way
1) Denote the N as the ratio of longest SMTC period and shortest SMTC period among all carriers in the group.
2) For consecutive N SMTC occasions of the shortest SMTC period, determine the share for each carrier assuming each occasion is equally shared among all carriers with SMTC present. Denote S(f,n) as the share for f-th carrier (1<= f <=F) at n-th SMTC occasion (1<= n <=N). 
3) For each of the F carriers, calculate the available gap 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 of 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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