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1 Introduction
Rel-14 WI “Further Enhanced MTC” [1] was approved at RAN#72. One objective of the WI is to introduce support for inter-frequency measurement for feMTC UE, which has been discussed in several RAN4 meetings. 
As intra-frequency measurement for eMTC UE is based on measurement gaps, RAN4 has agreed [2] that existing gaps for eMTC intra-frequency measurement are shared for intra- and inter-frequency measurements for feMTC. In RAN4#82, it was further agreed [3] that the measurement gap sharing assumed for defining intra- and inter-frequency measurement requirements is to be configured by the network, with more details as below.
	Specifically, network will configure the percentage of gaps (denoted as X) assumed for intra-frequency measurement, and the remaining percentage of gaps (1-X) are assumed for inter-frequency measurements. RAN4 sees the need to have 4 values for X (which means 2 bits are needed for signaling). The exact values for X will be defined in TS 36.133.  


In this paper, we will provide our views on the values of X and the corresponding measurement requirements for feMTC.
2 Discussion
The main motivation to have measurement gap sharing network configurable is to provide network more flexibility in controlling the measurement performance of intra- and inter-frequency measurements. For example, if network sees intra-frequency measurements as more important, it may want better measurement performance for it and thus will indicate UE to use more measurement gaps (larger value of X) for intra-frequency measurement.    
One option to define the values of X is to use fixed numbers similarly as in Rel-12 IncMon. For IncMon, the inter-frequency carriers are categorized as normal performance or reduced performance, and two fixed values for gap sharing are defined, corresponding to allocating 87.5% or 93.75% of gaps for measuring normal performance carriers. For feMTC, as 2-bit signaling will be introduced for gap sharing, 4 fixed values can be specified. An example given in Table 1 considering that intra-frequency measurement is usually considered as more important than inter-frequency. 

Table 1: Example of defining X with fixed values 
	Network signaling
	Value of X

	‘00’
	87.5

	‘01’
	75

	‘10’
	50

	‘11’
	25


One problem with defining fixed values for X is that it may be hard to agree on the exact numbers. For example, what should be the largest and smallest gap allocation for intra-frequency measurement, whether 87.5 in Table 1 is not large enough, or whether 25 is too small. 

Another problem is that it is not easy to achieve equal gap sharing among intra-frequency and all inter-frequency carriers. For example, if 2 inter-frequency carriers are configured and network considers them as equally important, a 33 allocation for each carrier would be needed, but 33 may not be one of the fixed values.  
Therefore, one possible enhancement to Table 1 is to include the possibility of equal split, which is exemplified as in Table 2. When ‘11’ is signaled, the value of X is calculated as 100/Nfreq, where Nfreq is the total number of carrier including intra- and inter-frequency carriers.
Table 2: Example of defining X with fixed values and equal split option
	Network signaling
	Value of X

	‘00’
	87.5

	‘01’
	75

	‘10’
	50

	‘11’
	Equal split


However, Table 2 may not be able to provide enough flexibility if network wants to prioritize one type of carriers (intra- or inter-frequency carriers). For example, in order to prioritize intra-frequency measurement, with Table 2 network may signal ‘00’ to the UE allocating 87.5% gaps for intra-frequency measurement. However, intra-frequency measurement performance will still be hit due to configured inter-frequency measurement. This is particularly the case for CEModeB in connected mode, because the cell detection delay is rather long (320s in non-DRX case and 400 DRX cycles in DRX case). On the other hand, always using a large portion of gaps such as 87.5% for intra-frequency measurement may not be always necessary if the visible neighbor cells on intra-frequency carrier may not change. 
One enhancement is to allow network to prioritize a certain type of carrier(s), intra- or inter-frequency, and define different gap sharing schemes based on whether there is already detected neighbor cells on the prioritized type of carrier(s). For example, if network indicates UE to prioritize intra-frequency measurement, UE will always use a very large amount of gaps (maybe 100%) for intra-frequency until at least one intra-frequency neighbor cell has been detected. Once an intra-frequency neighbor cell has been detected the UE will re-allocate the usage of measurement gaps by e.g. using 50/50 split or equal sharing of gaps. If the UE loses all detected intra-frequency cells it will once again allocate the very large amount of gaps for intra-frequency measurements. Same principle also applies when UE is configured to prioritize inter-frequency measurements e.g. for load balancing.
An example of definition for X based on above approach is given in Table 3.
Table 3: Example of defining X with prioritization
	Network signaling
	Prioritized type
	Value of X when UE has no detected neighbor cells on prioritized type of carrier(s)
	Value of X when UE has detected neighbor cells on prioritized type of carrier(s)

	‘00’
	None
	50
	50

	‘01’
	None 
	Equal split
	Equal split

	‘10’
	Intra-frequency 
	100
	50

	‘11’
	Inter-frequency
	0
	50


This approach will ensure that the UE will always have a detected neighbor cell on the prioritized type of carrier(s). This means that the measurement performance for the prioritized type of carrier(s) does not suffer even if UE is configured to measure both intra- and inter-frequency carriers. When UE has detected neighbor cells on the prioritized type of carrier(s) it can use more gaps for the other type, so the approach also avoids the problem of always having large amount of gaps for a certain type of carrier(s). Our preference is to define the values of X based on whether there is already detected neighbor cells on the prioritized type of carrier(s).
Proposal: Allow network to prioritize a certain type of carrier(s) and define the values of X based on whether there is already detected neighbor cells on the prioritized type of carrier(s). An example is given in Table 3.

 Table 3: Example of defining X with prioritization
	Network signaling
	Prioritized type
	Value of X when UE has no detected neighbor cells on prioritized type of carrier(s)
	Value of X when UE has detected neighbor cells on prioritized type of carrier(s)

	‘00’
	None
	50
	50

	‘01’
	None 
	Equal split
	Equal split

	‘10’
	Intra-frequency 
	100
	50

	‘11’
	Inter-frequency
	0
	50


3 Conclusions 

In this paper, we analyzed different options for defining the value of X, and we found some problems in only using the fixed values for X. Our proposed solution is to allow network to prioritize a certain type of carrier(s) and define the values of X based on whether there is already detected neighbor cells on the prioritized type of carrier(s). 
Proposal: Allow network to prioritize a certain type of carrier(s) and define the values of X based on whether there is already detected neighbor cells on the prioritized type of carrier(s). An example is given in Table 3.

 Table 3: Example of defining X with prioritization
	Network signaling
	Prioritized type
	Value of X when UE has no detected neighbor cells on prioritized type of carrier(s)
	Value of X when UE has detected neighbor cells on prioritized type of carrier(s)

	‘00’
	None
	50
	50

	‘01’
	None 
	Equal split
	Equal split

	‘10’
	Intra-frequency 
	100
	50

	‘11’
	Inter-frequency
	0
	50


A draft CR can be found in [4].
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