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1 Introduction
A new work item on further eMTC enhancement (FeMTC) was agreed in RAN#72. In RAN4#82meeting, the measurement gap sharing scheme is agreed, but some issues are not decided. The agreements for scaling factors are as follow:

· For intra-frequency measurements, Kintra_M2 = 1 / X * 100
· For inter-frequency measurements, Kinter_M2 = Nfreq*100 / (100-X)
where X is signalled by the RRC parameter.
The value of X is discussed in last meeting, but it is still not decided. This contribution provides the discussion on the value of X. 

This contribution also provides the discussion on the gap sharing for RSTD when UE need to perform the RSTD measurement.
2 Discussion 
2.1  Discussion on the values of X
The reason of sharing the measurement gap between inter-frequency and intra-frequency measurements is that inter-frequency is introduced for FeMTC. Generally, the intra-frequency measurement is more important than the inter-frequency measurement but the priority of inter-frequency measurement is higher than intra-frequency measurement in many scenarios. Therefore, when setting the value of X, the priority of inter-frequency and intra-frequency should be taken into account. 

 If network regards intra-frequency measurement as more important, it could reuse IncMon WI for gap assignment as shown in figure 1.
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 Figure 1: Inter-frequency and intra-frequency gap assignment (the priority of intra-frequency is higher)
In this case, the value of X is 87.5. Measurement scaling factor for intra-frequency and inter-frequency could be defined for the relaxation to intra frequency measurement performance and inter frequency measurement performance similar to the IncMon.
On the contrary, if network regards inter-frequency measurement as more important, the pattern of gap assignment between intra-frequency and inter-frequency could opposite with that of above. Gaps are assigned between intra frequencies and inter frequency measurements as shown in figure 2.
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Figure 2: Inter-frequency and intra-frequency gap assignment (the priority of inter-frequency is higher)
In this case, the value of X is 12.5.

If there is no priority, we propose that the value of X has 2 options. One option is that the intra-frequency measurement gap and inter-frequency measurement gap are allocated equally. When there are 2 inter-frequency UE need to measure, then the inter-frequency measurement gap should be allocated equally between inter-frequency. It is shown in figure 3.
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Figure 3: Inter-frequency and intra-frequency gap assignment (equally splitting for intra-frequency and inter-frequency)

Another option is that the measurement gaps are allocated equally for all the number of frequency including the intra-frequency and inter-frequency. It is shown in figure 4.
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Figure 4: Inter-frequency and intra-frequency gap assignment ((equally splitting for number of frequency)
According to the above discussion, the values of X are shown in the table 1.

Table 1: The example value of gap sharing for intra-frequency and inter-frequency measurement

	Signalling
	Priority
	Value of X

(Intra-frequency)
	Value of 100-X

(Inter-frequency)

	00
	Intra-frequency
	87.5
	12.5

	01
	Inter-frequency
	12.5
	87.5

	10
	No priority(equally splitting for intra-frequency and inter-frequency)
	50
	50

	11
	No priority(equally splitting for number of frequency)
	100/Nfreq
	(Nfreq-1) *100/ Nfreq


Note: Nfreq is the number all frequency including intra-frequency and inter-frequency.
Proposed1: The priority of intra-frequency and inter-frequency should be support by NW and the example values of X are given in Table1.
2.2  Discussion on the RSTD measurement gap sharing

In RAN4#82meeting, the agreement that gaps are needed for OTDOA RSTD measurements on intra-frequency has been reached. The bandwidths of 1.4, 3, 5, 10, 15 and 20MHz should be supported for PRS. In our view, when the RSTD measurement is necessary, the priority of RSTD measurement is higher than the intra-frequency measurement.
When the PRS bandwidth is equal with the system bandwidth, there is no gap needed for RSTD measurement. In other case, when the PRS bandwidth is shorter than the system bandwidth and UE need to retune the RF to do the RSTD measurement in the position of PRS, gap is needed for RSTD measurement. There are at least 3 options for gap sharing.

· Option 1: Don’t relax the measurement period. When RSTD measurement is needed, measurement gap is replaced with RSTD measurement gap. It may be degrade RRM measurement performance, but in our view, the priority of RSTD measurement is higher than RRM measurement. So this is can be accepted. The gap sharing pattern is shown in figure 5.
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Figure 5: Gap sharing between RSTD measurement gap and RRM measurement gap
· Option 2: Further relaxing the measurement period. When RSTD measurement is needed, RSTD measurement gap is inserted into the RRM measurement gap. Therefore, the total measurement gap is relaxed which also can degrade RRM measurement performance. The gap sharing pattern is shown in figure 6.
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Figure 6: Gap sharing between RSTD measurement gap and RRM measurement gap
· Option 3: In some case, the density of PRS is very large and the period of RSTD may be shorter than the measurement gap repetition period (MGRP). This means the priority of RSTD is higher. Therefore, RSTD measurement should be performed first and when RSTD measurement is fully completed, the intra and inter-measurement can be continued. The gap sharing pattern is shown in figure 7.


[image: image7.emf]RSTD 

measurement 

gap

RRM 

measurement 

gap

PRS period :T

PRS

Total measurement period

...

MGPR


Figure 7: Gap sharing between RSTD measurement gap and RRM measurement gap
· Other option is not precluded.
Proposal 2: When RSTD measurement is need, there are at least 3 options for measurement gap sharing.

· Option 1: The priority of RSTD measurement is higher and the number of gaps for intra and inter measurement is reduced as shown in figure 5.
· Option 2: The number of gaps for intra and inter measurement is not change and the total measurement period becomes large with introducing RSTD measurement gaps as shown in figure 6.
· Option 3: When RSTD measurement is fully completed, the intra and inter-measurement can be continued as shown in figure 7.
3 Conclusion
This contribution provides the discussion on the measurement gap sharing for FeMTC. The following proposals are made.
Proposed1: The priority of intra-frequency and inter-frequency should be support by NW and the example values of X are given in Table1.
Table 1: The example value of gap sharing for intra-frequency and inter-frequency measurement

	Signalling
	Priority
	Value of X (%)
(Intra-frequency)
	Value of 100-X (%)
(Inter-frequency)

	00
	Intra-frequency
	87.5
	12.5

	01
	Inter-frequency
	12.5
	87.5

	10
	No priority(equally splitting for intra-frequency and inter-frequency)
	50
	50

	11
	No priority(equally splitting for number of frequency)
	100/Nfreq
	(Nfreq-1) *100/ Nfreq


Note: Nfreq is the number all frequency including intra-frequency and inter-frequency.
Proposal 2: When RSTD measurement is need, there are at least 3 options for measurement gap sharing.

· Option 1: The priority of RSTD measurement is higher and the number of gaps for intra and inter measurement is reduced as shown in figure 5.
· Option 2: The number of gaps for intra and inter measurement is not change and the total measurement period becomes large with introducing RSTD measurement gaps as shown in figure 6.
· Option 3: When RSTD measurement is fully completed, the intra and inter-measurement can be continued as shown in figure 7.
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