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1. 
Introduction
In RAN4#71, it has been discussed [1]
· Two performance groups are defined, normal performance group (NPG) and reduced performance group (RPG)

· RAN4 considers two types of information is needed to be signaled: (1) information on which carrier belongs to which performance group and (2) scaling factor.
· From a signaling point of view it should be possible to indicate any combination of normal and reduced performance carriers

· RAN4 may still introduce side conditions in terms of combinations of normal and reduced performance carriers in 25.133 and 36.133 for which the RAN4 requirements are applicable. Different performance requirements are to be defined by RAN4 for the normal performance group carriers and the reduced performance group carriers
· RAN4 intends to define a scaling factor which defines the relaxation of requirements for carriers in the reduced performance group relative to the legacy performance
· For UE in E-UTRA RRC connected state, RAN4 considers that at most four scaling factor settings would be necessary. RAN4 considers that at most 4 scaling factor settings should be explicitly signalled and additionally a default value is considered in case the scaling factor is not explicitly signalled.
In this contribution, some further considerations on INCMON are studied. The corresponding NPG and RPG assignment and associated scaling factors are proposed   

2. Some further considerations on INCMON
Per agreed in IncMon WID [2], 

“any changes shall be backwards compatible from a core and performance requirements point of view, ie the solution should not worsen existing RRM requirements (e.g., delays) and power consumption in the UE when using the number of carriers/cells a UE can monitor in the existing specification”
As a result, it is proposed

Proposal 1: when the total number of inter-frequency and inter-RAT carrier frequency layers to monitor is no more than 7, the existing requirement should be used and no NPG and/or RPG are defined.

When the number of carriers to monitor is more than 7, the maximum cell identification delay for inter-frequency measurements is defined as TIdentify_Inter_NPG and TIdentify_Inter_RPG for NPG and RPG respectively. 
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Where s is the scaling factor, 
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 represents a single carrier minimum requirement delay and 
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are the number of carriers in NPG and RPG, respectively. 
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 denotes the total number of carriers to monitor.
To make sure the frequencies in NPG have less measurement delay than ones in RPG, it should be given as 
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2.1 Performance Delay vs. the size of NPG/RPG and the scaling factor s
Regarding how to determine the size of NPG/RPG and the scaling factor s, two design options can be considered 

· Option 1: (
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) and s are independently selected
· Option 2: (
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) and s are jointly selected
As the eventual performance delay is jointly determined by (
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) and s, there is no fundamental performance difference between two options. However, from signaling overhead perspective, one option can be better than the other depending on the scenario. For example, if multiple scaling factors are configured for each specific (
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) pair, option 1 can be more efficient. Otherwise, option 2 will save the overhead. The simulations shown in Figure 1 suggest very limited benefit to configure more than one scaling factor for a specific (
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) pair. As a result, it is proposed
Proposal 2: (
[image: image19.wmf]NPG

freq

N

_

,
[image: image20.wmf]RPG

freq

N

_

) and s are jointly selected and no separated signaling is needed.
This conclusion is obtained with three major considerations. Based on their importance, they can be prioritized as performance delay of NPG, size of NPG and performance delay of RPG.
In addition, it is worthwhile to understanding how many (
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) and s combinations are enough, such that different settings can result in different enough performances? 
The key factor to answer this question is related to the NPG performance delay granularity. Obviously, if the granularity is too small, there is no obvious system benefit but the signaling overhead is unnecessarily increased. In contrast, if the granularity is too big, it cannot provide operators enough flexibility to manipulate the performance delay of both NPG and RPG. To facilitate the analysis, three typical scenarios are considered

· Scenario 1: High mobility UE (60km/h)
· In this case, the coverage and mobility should be the main concern. As a result, the performance delay and the size of NPG should be prioritized over one of RPG. Every 1s of measurement delay is equivalent to about 17m.

· Scenario 2: Pedestrian UE (3km/h)

· In this case, both coverage and offloading should be considered. Every 1s of measurement delay is equivalent to about 0.8m
· Scenario 3: Static UE (~0km/h)

· In this case, offloading should be prioritized. As a result, the average performance delay of all monitored frequencies should be prioritized. 

In addition, the cell identification delays are calculated based on all possible (
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) and s combinations, when 
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It has been proved in [3], the minimum averaged delay of all frequencies can be achieved when (
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) and s=12 (or 6 depending on MGRP). The corresponding delay should be the upper bound of NPG and lower bound for RPG. Therefore, it will be taken as a reference to check the differences with other settings.

In Figure 1, the cell identification delays in NPG of all possible (
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) and s combinations are shown when total number of frequencies is 12. The corresponding delays in RPG are also provided. In this case, the delay of NPG is distributed between 5s to 46s. By selecting a granularity of 10s, 4 discrete and evenly distributed values, 10s, 20s, 30s and 40s, are considered. All the delays should be within +/-5s from the considered cases. It is noted 5s should not make big difference here even in high mobility UE scenarios. For example, UE can travel around 80m in 5s with a speed of 60km/h. 
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As shown in Figure 1, for each considered NPG identification delay, there are multiple viable (
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) and s combinations. The size of NPG and the delay of RPG are evaluated among these combinations. For example, with a similiar NPG delay, it is desirable to maximize the size of NPG, while maintaining a reasonable RPG delay. As a result, the following (
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) and s combinations are proposed. 
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Even though there are only four (
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) and s combinations picked up, they however can nicely cover all other combinations. More specifically, no other combinations demonstrate significant enough advantage over the selected one in terms of NPG delay, NPG size and RPG delay. The same (
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) and s combinations can also apply the case where MGRP=80mm
Another question we also need to address is how large s is large enough?
Also shown in Figure 1, the maximum value of s considered is 12. In this case, per every 12 measurement gaps, there is only one for RPG. When the value of s keeps increased toward to infinity, it is shown that the cell identification delay in NPG can be reduced barely from 0.3s to 3.8s, depending on the size of NPG. The corresponding impact is not significant, even in high mobility UE scenario. Consequently, it is proposed
Proposal 2: Large scaling factor s (e.g. >12) does not provide significant enough performance differences and should not be considered. 
3. Conclusion
In this contribution, the UE mobility state and its impact on INCMON are discussed. Based on the analysis, It is proposed
Proposal 1: when the total number of inter-frequency and inter-RAT carrier frequency layers to monitor is no more than 7, the existing requirement should be used and no NPG and/or RPG are defined.

Proposal 2: (
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) and s are jointly selected and no separated signaling is needed.
Proposal 3: Large scaling factor s (e.g. >12) does not provide significant enough performance differences and should not be considered.
Proposal 4: the following (
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) and s combinations are proposed. 
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