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1 Introduction
RAN4 has been discussing high-velocity support for efeMTC for the last few meetings. RAN4 has agreed on simulation assumptions, and conduced simulation studies to evaluate the measurement performance under high velocity channel (220 Hz Doppler). At last meeting, a way forward [1] containing following high-velocity related agreements was agreed:
	· Measurements under high velocity
· Intra-frequency RSRP/RSRQ measurement (measurement period and measurement accuracy) and cell identification requirements under non-DRX for gap pattern ID#0 are reused under high velocity (up to 220 Hz Doppler spread).

· RAN4 shall study the corresponding requirements under DRX for next meeting (RAN4#86).

· UEs under high-velocity shall identify and measure cells on both serving and  non-serving carriers

· FFS optimization of gap sharing allocation for high velocity UE

· Information about high velocity operation
· FFS whether it beneficial to inform  UEs about high velocity operation in a cell.


In this contribution we analyse the FFSs and present our proposals.

2 Discussions 
2.1 DRX measurement requirements
It was agreed to reuse the intra-frequency RSRP/RSRQ measurement (measurement period and measurement accuracy) and cell identification requirements under non-DRX for gap pattern ID#0 under high velocity. Corresponding measurement requirements under DRX are more relaxed and this could be an issue for high-velocity UEs as they move from one cell to another cell more quickly. Therefore the high-velocity UEs may need to carry out such measurements faster using fewer DRX cycles. 
One option is to reuse the existing DRX measurement requirements introduced for high-speed scenario (applicable when highSpeedEnhancedMeasFlag is signalled) although there is a significant difference in the Doppler frequencies associated with efeMTC high velocity use case (120km/hr@2GHz) and the existing high-speed scenario. The latter requirements are specified to support UE speed of up to 350 km/hr. 

We propose the following approach to define the requirements for efeMTC high velocity case:

· For shorter DRX cycles (DRX cycle ≤ 1.28): the measurement time is two times longer compared to the measurement time defined for the existing high-speed case and

· For longer DRX cycles ( 1.28 s ≤ DRX cycle < 2.56 s): the measurement time is the same as the measurement time defined for the existing high-speed case. This is because at higher DRX considerable power saving is achieved. 
An example of how the DRX requirements can be modified is shown below:
Table 1 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	11.52 (20)
	1.28 (2)
	5.12 (6)

	0.64
	17.92 (20)
	1.28 (2)
	5.12 (6)

	1.28
	32(23)
	1.28 (2)
	6.4 (6)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


Table 2: Requirement to identify a newly detectable FDD intrafrequency cell

	Gap pattern ID
	DRX cycle length (s)
	Tidentify_intra_UE cat M1_NC (s) (DRX cycles)

	0
	≤0.04
	1.44 * Kintra_M1_NC  (Note 1)

	
	0.04<DRX-cycle≤0.08
	Note 2 (30 * Kintra_M1_NC)

	
	0.128
	3.2 (20 * Kintra_M1_NC)

	
	0.128<DRX-cycle≤2.56
	Note 2(20 * Kintra_M1_NC)

	1
	<0.128
	2.88 * Kintra_M1_NC  (Note 1)

	
	0.128
	3.2 * Kintra_M1_NC (20)

	
	0.128<DRX-cycle≤2.56
	Note 2(20 * Kintra_M1_NC)

	Note 1:
Number of DRX cycle depends upon the DRX cycle in use

Note 2:
Time depends upon the DRX cycle in use


· Proposal #1: The DRX measurement requirements are relaxed by a factor of 2 for shorter DRX cycle length and they are kept unchanged for the longest DRX cycle lengths compared to the current high-speed DRX cycle measurement requirements. 
2.2 Measurement gap sharing
RAN4 agreed to support measurements on both serving and non-serving carriers which is good from mobility perspective, see below [1]:

	· UEs under high-velocity shall identify and measure cells on both serving and non-serving carriers

· FFS optimization of gap sharing allocation for high velocity UE


But no consensus could be reached on whether it is possible to use the current measurement gap sharing table or whether it is necessary to introduce a separate (maybe also more optimized) measurement gap sharing table for allowing the UE to measure on both serving and non-serving carriers in high-speed scenario.

In our view, applying the same measurement gap sharing table for both normal-speed and high-speed operation could lead to inefficient usage of the gaps and its radio resources. In order to better understand this issue we firstly look at the difference in propagation channel. The normal (low) speed operation corresponds to Doppler frequency of 30 Hz while high-speed operation corresponds to Doppler frequency of 220 Hz. At high Doppler frequency, the radio channel propagation characteristics change much faster over time. This may require the UE to perform certain operations such as time and/or frequency tracking, AGC, channel estimation more frequently than in low speed. Typically, the intra-frequency cell measurements are used in the different procedures such as mobility scenarios. On the other hand inter-frequency mobility measurements are typically performed by the UE when serving cell is weak. The corresponding inter-frequency mobility measurements are used for inter-frequency HO when there no strong intra-frequency cell is available. Therefore, it is obvious that the high-speed measurements may need to be performed much faster, and intra-frequency measurements may need to be performed more frequently than inter-frequency measurements. 
Secondly, there are only four different values that can be used to signal the different values for the gap allocation, which is a limitation if the same table is to be used for high-speed. It is reasonable to adapt gap allocation to the actual operational conditions, and for this more values (more bits) are necessary. Alternatively, a separate gap sharing table could be defined using the same gap sharing allocation signalling. With this approach no new signalling or bits are necessary. In our view, a separate table is more straightforward solution for improving the gap allocation and sharing them between serving-carrier and non-serving carrier measurement in a fair manner.

· Observation #1: There is a significant difference in the propagation channel conditions between the normal (low) speed operation and high-speed operation.
· Observation #2:  Intra-frequency measurements are used more frequently than the inter-frequency measurements for performing several procedures (e.g. mobility, positioning etc.). 

As an example when the gap sharing parameter (RRC parameter measGapSharingScheme) is signaled to the UE by the network node UE further uses the value of X for determining a scaling factor (Ks) for scaling the measurement time (e.g. L1 measurement period, cell identification delay etc) of the measurement performed on cells of the carrier. For example Ks = 100/X is used for doing measurement on serving carrier, whereas Ks = Nfreq*100/(100-X) is used for doing measurement on non-serving carriers. Similarly when the gap sharing parameter is signaled to the UE and the UE is operating under high velocity the UE can use a measurement gap allocation table associated with high velocity and carry out the measurements accordingly. The UE can assume that it is operating under high velocity if it receives the existing highSpeedEnhancedMeasFlag signaled from the serving cell. The new table can contain a different allocation which allows the UE to use more gaps for the intra-frequency measurements. Below, we show an example of how such table could look:
Table 1: Values of parameter X for CEModeA
	measGapSharingScheme
	Value of X (%)

	‘00’
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N

100

freq

+



	‘01’
	40

	‘10’
	50

	‘11’
	60


Table 2: Values of parameter X for CEModeA) for UE configured with highSpeedEnhancedMeasFlag
	measGapSharingScheme
	Value of X (%)

	‘00’
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N

100

freq

+



	‘01’
	70

	‘10’
	80

	‘11’
	90


It is noteworthy that a similar approach was adopted when the enhanced measurement requirements for high-speed were introduced in TS 36.133. The UE is required to meet enhanced measurement requirements for high-speed when the serving cell indicates to the UE that it is operating in high-speed scenario by means of highSpeedEnhancedMeasFlag. Similarly, we find it beneficial to have similar indicator also for high-velocity support for efeMTC in IDLE and CONNECTED mode. Therefore we propose to reuse that indicator, highSpeedEnhancedMeasFlag, also for efeMTC and follow similar measurement behavior, i.e. if indicator is signaled, the UE can perform the measurements using the measurement gap tables associated with high velocity and meet corresponding requirements. 
Based on the discussions above, we make following proposals:

· Proposal #2: Introduce a new measurement gap sharing table for eFeMTC UEs operating under high-velocity. 

· Proposal #3: Reuse the existing highSpeedEnhancedMeasFlag indicator for eFeMTC UEs, and if this flag is signaled, the UE shall use the measurement gap allocation table associated with this flag and carry out measurements accordingly. 

3 Summary 
In this contribution we have discussed the remaining issues on high-velocity support for category M1/M2 UEs in CEModeA taking into account the latest agreements. Based on the discussions, we have made following observations and proposals:

· Observation #1: There is a significant difference in the propagation channel conditions between the normal speed operation and high-speed operation.

· Observation #2:  Intra-frequency measurements are used more frequently than the inter-frequency measurements for performing several procedures (e.g. mobility, positioning etc.). 

· Proposal #1: The DRX measurement requirements are relaxed by a factor of 2 for shorter DRX cycle length and they are kept unchanged for the longest DRX cycle lengths compared to the current high-speed DRX cycle measurement requirements. 

· Proposal #2: Introduce a new measurement gap sharing table for eFeMTC UEs operating under high-velocity. 

· Proposal #3: Reuse the existing highSpeedEnhancedMeasFlag indicator for eFeMTC UEs, and if this flag is signaled, the UE shall use the measurement gap allocation table associated with this flag and carry out measurements accordingly. 
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