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1 Introduction
Rel-14 WI [1] “Further Enhanced MTC” was approved at RAN#72. 

In RAN4#80bis, several issues related to RRM enhancement were discussed, including gap sharing for intra- and inter-frequency measurements, enhanced measurement requirements for increased bandwidth, enhanced RLM or repetition number reporting, as well as enhanced requirements for discontinued MPDCCH monitoring. However, due to time limit, no agreement was reached.
In RAN1#86bis, an LS [2] was sent to RAN4 as copied below, and there is one question related to measurement gaps.
	RAN1 discussed VoLTE enhancements for feMTC, and reached the following agreements:

· RAN1 design will assume delay budget relaxation for UL voice packets 

· Prioritize consideration of the following in VoLTE enhancements in FeMTC for BL/CE UE considering overall system impacts:

· New number(s) of repetitions for PUSCH

· Adjusted scheduling relationships between physical channels

· SRS coverage enhancement
· Discontinuous PUSCH transmission
· SPS and non-SPS cases should both be considered
RAN1 respectfully asks RAN2 and RAN4 to inform to RAN1 what can be assumed regarding need for intra- and inter-frequency measurement gaps, in synchronized and non-synchronized networks.


In this paper, we will provide our views on how to share measurement gaps between intra- and inter-frequency measurements. We will also address RAN1 LS on the need for gaps.
2 Discussion
Need for gaps

In our understanding, RAN1’s question to RAN4 is whether measurement gaps are needed for the following cases
· Intra-frequency measurement in synchronized networks
· Intra- and inter-frequency measurement in synchronized networks
· Intra-frequency measurement in non-synchronized networks
· Intra- and inter-frequency measurement in non-synchronized networks
Since the need for measurement gaps in eMTC is due to the fact that PSS/SSS are transmitted in central 6-PRB, it is clear that measurement gaps are needed for both intra- and inter-frequency measurements no matter network is synchronized or not.
The only case where gaps are not needed is when UE is only measuring serving cell. In this case, UE does not need to search for PSS/SSS of neighbor cell but this would depend on the Srxlev > SIntraSearchP and Squal > SIntraSearchQ, settings. As discussed in [3], eNB implementation based solution can be used to allow UE to indicate eNB whether it is only measuring serving cell or not.
In the Rel-14 feMTC WI, there are some proposals on the optimization where need for gaps can be avoided with certain configurations. However, no agreement has been reached whether such optimization will be introduced or not. More importantly, even some optimization is introduced, it may be hard to guarantee the UE measurement performance completely without gaps, if we do not want to introduce too much restriction in scheduling. 
For example, one proposed optimization is that gaps are not needed when UE is operating on center 6PRBs. This is true, but it would lead to scheduling restriction at network side if a UE has to always stay in central 6-PRB, considering both MPDCCH and PDSCH transmission, and central 6PRB is already crowded, so it’s not good to have many UEs’ data transmission there just to avoid need for gaps.

Therefore, our view is to reply to RAN1 without considering those optimizations.
Proposal 1: Reply to RAN1 that measurement gaps are need for intra- and inter-frequency measurements, in synchronized and non-synchronized networks, except when UE is only measuring its serving cell.
Gap sharing

As in Rel-13 the intra-frequency measurement requirements are defined assuming UE will use all measurement gaps, it is clear that the intra-frequency measurement requirements have to be relaxed if some of the gaps are to be used for inter-frequency measurement. The key consideration in deciding the sharing rule is the wanted measurement performance when UE performs both intra- and inter-frequency measurement.
Some sharing rules have been proposed in RAN4#80. For example, one solution is that intra-frequency measurement always takes half of the gaps while the remaining gaps are equally shared among inter-frequency measurements. Another solution is to leave the gap sharing configurable, which is similar as Rel-12 IncMon where gaps are shared between normal and reduced performance groups. 
During the discussion, different companies indicated different views regarding the expected performance of intra- and inter-frequency measurements. In our understanding, it would be difficult to select a proper gap split between intra- and inter-frequency that can everyone considers as proper for all relevant scenarios. For example, if there are three carriers deployed and UE is connected on one of them, some may think equal share among them is the reasonable split as three carriers are of equal importance from mobility perspective, but others may want to prioritize intra-frequency measurement by allocating a fixed amount of gaps no matter how many inter-frequency carriers are configured.
Given the difficulty in selection, we think one solution is to leave the split up to the network configuration. Depending on the mobility scenarios and implementation choice, network can decide the gap split and thus the wanted measurement performance when UE performs both intra- and inter-frequency measurement. Similar network configured gap split is already used in Rel-12 IncMon, but here we think more flexibility in the split should be allowed (for IncMon only two split factors 8 and 16 are supported).
Proposal 2: The split of measurement gaps between intra- and inter-frequency measurements is network configurable.

With Proposal 1, assuming networks configures x% of gaps for intra-frequency measurement, the measurement performance can be scaled in Table 1 and Table 2 below for intra- and inter-frequency measurement, respectively. In Table 2, Nfreq is the number of inter-frequency carriers that UE is configured to monitor. The examples are given for CEMode A non-DRX requirements, but similar scaling can be made also to DRX requirements and CEMode B requirements (except the cell detection).
Table 1: Requirement on cell identification delay and measurement delay for intrafrequency 

	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	1.44 * 1 / x * 100 seconds
	480 * 1 / x * 100 ms

	1
	2.88 * 1 / x * 100 seconds
	960 * 1 / x * 100 ms


Table 2: Requirement on cell identification delay and measurement delay for interfrequency 

	Gap pattern ID
	Cell identification delay (Tidentify_inter_UE cat M1)
	Measurement delay (Tmeasure_inter_UE cat M1)

	0
	1.44 * 1 / (1-x) * 100 * Nfreq seconds
	480 * 1 / (1-x) * 100 * Nfreq ms

	1
	2.88 * 1 / (1-x) * 100 * Nfreq seconds
	960 * 1 / (1-x) * 100 * Nfreq ms


3 Conclusions 

In this paper, we provided our views on the need for gap as asked in RAN1 LS, and gap sharing between intra- and inter-frequency measurement for eMTC UEs. We have the following proposals.
Proposal 1: Reply to RAN1 that measurement gaps are need for intra- and inter-frequency measurements, in synchronized and non-synchronized networks, except when UE is only measuring its serving cell.
Proposal 2: The split of measurement gaps between intra- and inter-frequency measurements is network configurable.
If the proposal 2 can be agreed, an example is given in Table 1 and Table 2 on how to scale the non-DRX measurement requirements for CEMode A.
Table 1: Requirement on cell identification delay and measurement delay for intrafrequency 

	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	1.44 * 1 / x * 100 seconds
	480 * 1 / x * 100 ms

	1
	2.88 * 1 / x * 100 seconds
	960 * 1 / x * 100 ms


Table 2: Requirement on cell identification delay and measurement delay for interfrequency 

	Gap pattern ID
	Cell identification delay (Tidentify_inter_UE cat M1)
	Measurement delay (Tmeasure_inter_UE cat M1)

	0
	1.44 * 1 / (1-x) * 100 * Nfreq seconds
	480 * 1 / (1-x) * 100 * Nfreq ms

	1
	2.88 * 1 / (1-x) * 100 * Nfreq seconds
	960 * 1 / (1-x) * 100 * Nfreq ms
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