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1 Introduction
A new work item to further enhance the MTC operation was approved at RAN#72 meeting [1]. As per this WID, RAN4 is required to develop positioning support, E-CID based on RSRP/RSRQ measurement. Among other tasks, RAN4 is also requested to develop inter-frequency measurements support, see below. 

	Positioning [RAN4, RAN1]

· E-CID: RSRP/RSRQ measurement

· E-CID: UE Rx-Tx time difference measurement

· OTDOA: core requirements

· From RAN#73: (considering the outcome of the NB-IoT) accuracy, UE complexity and power consumption for OTDOA can be studied

…….

Mobility enhancements [RAN4 only]

· Full standard support for inter-frequency measurements for eMTC [RAN4]


During Rel-13 eMTC work, only intra-frequency RSRP measurement requirements were developed. The Rel-14 feMTC UE is to support also inter-frequency measurements. In this contribution we provide some discussions on how both types of measurements can be supported and what needs to be considered when developing these requirements.  
2 Discussions 
Background:

The category M1 UE can be configured to operate with a narrow bandwidth of 1.4 MHz anywhere within the system bandwidth, and therefore it requires gap to retune the RF chain to the central 6 PRBs of the serving carrier to perform measurements. The CONNECTED state requirements in section 8 of [2] applies provided that UE is configured with measurement gap according to any of the gap patterns defined in Table 8.1.2.1-1 in [2]. This table is copied here for convenient reading.
Table 1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


As can be seen in Table 1, two gap patterns are supported: one with a measurement gap period of 40 ms and the second with a period of 80 ms. 
Discussions:
The shortest period for measurement gaps is 40 ms and the Rel-13 cat-M1 UE non-DRX requirements were derived assuming gap periodicity. It is task of the serving eNodeB to configure the UE with measurement gaps and the UE no transmissions are allowed in the gaps, and it is the task of UE to decide how to use the gaps, e.g. how frequently measurements are performed over carriers, in which order, and how gaps are shared between inter-frequency and inter-RAT (if they are supported) etc. 

 The release 13 category M1 UE requirements were derived assuming that gaps are provided using existing gap patterns (pattern ID 0 and 1) for for performing intra-frequency measurements. This would allow the UE to retune to central 6 PRBs every 40 ms or 80 ms and thus the measurement procedure is very similar to legacy LTE inter-frequency measurements. It shall, however, be noted that use of these gaps were allowed assuming only intra-frequency measurements in release 13 eMTC work. With support for inter-frequency measurements in release 14, the configured measurement gaps have to be shared between the intra- and inter-frequency measurements. This issue was also discussed in release 13 eMTC discussions and different options were put forward e.g. in [3]. Examples of other alternatives that were mention in this paper was measurements including cell search on need basis and periodical cell detection instead of continuous.  In [4] new gap pattern were discussed, but due to time constraint it was later decided to use existing gap patterns. 
In our view, the inter-frequency RSRP/RSRQ measurement performance can be studied using the simulation assumptions in [5] and the requirements can be derived from there. But it is important to understand that the measurement opportunities are going to be reduced quite a lot if the same gap patterns are used for performing both intra- and inter-frequency measurements. 
There are 3 FDD and 3 TDD carriers available for eMTC. But from a measurement requirements perspective, RAN4 could consider developing the inter-frequency requirements for the combination 2 FDD + 2 TDD carriers given that also the intra-frequency measurements will require gaps.  As a sidenote, it can be noted that the NB-IOT requirements support up to 2 inter-frequency carriers.  The total cell identification delay and measurement delay needs to be scaled with the number of supported carriers. For the proposed number of carriers 2 FDD + 2 TDD, we have proposed one way to scale the existing delays in Table 1 (intra-frequency) and Table 2 (inter-frequency) based on existing requirements. With this scaling, the intra-frequency delays are doubled when UE is to measure on any inter-frequency carriers. Nfreq_UE cat M1 is the total number of carriers to monitor including the serving carrier. 
· Proposal #1: RAN4 is to develop the inter-frequency measurement requirements for the carrier combination 2 FDD + 2 TDD. 
· Proposal #2: The intra-frequency cell identification delay and measurement delay for FDD intra-frequency cell for Cat-M1 UE in CEModeA are defined as in Table 1. 
Table 1: Requirement on cell identification delay and measurement delay for FDD intra-frequency cell for Cat-M1 UE in CEModeA
	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	1.44 x min(Nfreq_UE cat M1, 2)  seconds
	480 x min(Nfreq_UE cat M1, 2) ms

	1
	2.88 x min(Nfreq_UE cat M1, 2) seconds
	960 x min(Nfreq_UE cat M1, 2) ms


· Proposal #3: The inter-frequency cell identification delay and measurement delay for FDD inter-frequency cell for Cat-M1 UE in CEModeA are defined as in Table 2. 
Table 2: Requirement on cell identification delay and measurement delay for FDD inter-frequency cell for Cat-M1 UE in CEModeA

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

	0
	1.44 x Nfreq_UE cat M1  seconds
	480 x Nfreq_UE cat M1 ms

	1
	2.88 x Nfreq_UE cat M1 seconds
	960 x Nfreq_UE cat M1 ms


Proposal 1 and 2 allow the UE to perform intra-frequency measurements in alternate gaps while the other gaps are shared between the different inter-frequency carriers as illustrated in Figure 1. This is important because inter-frequency measurements are typically more important than inter-frequency measurements since it is used in many procedures in the serving cell. But exactly how the gaps are used are of course up to the UE implementation.  CEModeB requirements are defined as in Table 3 (intra-frequency) and Table 4 (inter-frequency) using the same scaling option. 


[image: image1.emf]f1 f1 f1

A) Intra-and inter-frequency measurements when 

N

freq_UE cat M1

= 2 

f1 f2 f1

B) Intra-and inter-frequency measurements when 

N

freq_UE cat M1

= 3 

f2

= Intra-frequency gap

40 ms

40 ms


Figure 1: Intra- and inter-frequency measurements performed using gap sharing with measurement gap pattern ID#0
Table 3: Requirement on cell identification delay and measurement delay for FDD intra-frequency cell for Cat-M1 UE in CEModeB

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

	0
	320.8 x min(Nfreq_UE cat M1, 2) s
	800 x min(Nfreq_UE cat M1, 2) ms

	1
	321.6 x min(Nfreq_UE cat M1, 2) s
	1600 x min(Nfreq_UE cat M1, 2) ms


Table 4: Requirement on cell identification delay and measurement delay for FDD inter-frequency cell for Cat-M1 UE in CEModeB

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

	0
	320.8 x Nfreq_UE cat M1 s
	800 x Nfreq_UE cat M1 ms

	1
	321.6 x Nfreq_UE cat M1 s
	1600 x Nfreq_UE cat M1 ms


· Proposal #4: The intra-frequency cell identification delay and measurement delay for FDD intra-frequency cell for Cat-M1 UE in CEModeB are defined as in Table 3. 
· Proposal #5: The inter-frequency cell identification delay and measurement delay for FDD inter-frequency cell for Cat-M1 UE in CEModeB are defined as in Table 4. 
3 Summary 
In this contribution we have discussed the release 14 further enhanced MTC UE measurement requirements. With this release intra-frequency RSRQ and inter-frequency RSRP/RSRQ measurements are to be supported. The inter-frequency measurements require gaps similar to category M1 UE measurements. We discuss this aspect here, and based on the discussions we have made the following proposals:
· Proposal #1: RAN4 is to develop the inter-frequency measurement requirements for the carrier combination 2 FDD + 2 TDD. 
· Proposal #2: The intra-frequency cell identification delay and measurement delay for FDD intra-frequency cell for Cat-M1 UE in CEModeA are defined as in Table 1. 
· Proposal #3: The inter-frequency cell identification delay and measurement delay for FDD inter-frequency cell for Cat-M1 UE in CEModeA are defined as in Table 2. 
· Proposal #4: The intra-frequency cell identification delay and measurement delay for FDD intra-frequency cell for Cat-M1 UE in CEModeB are defined as in Table 3. 
· Proposal #5: The inter-frequency cell identification delay and measurement delay for FDD inter-frequency cell for Cat-M1 UE in CEModeB are defined as in Table 4. 
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