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1 Introduction
Rel-15 WI “Even further enhanced MTC for LTE” [1] has been started in RAN4 since RAN4#84. One objective of the WI is to introduce support for high speed for CEModeA. The objective was discussed in RAN4#84bis, and it was agreed during evening AH to evaluate the RSRP/RSRQ measurement performance under high speed. The simulation assumption was agreed in [2] with one change captured in chairman notes that the Doppler shift assumed in the simulation is 220Hz. 
	Channel model/speed: ETU at 120 km/hr at 2 GHz

Investigate RSRP/RSRQ accuracies using the above channel model

-
Assume existing RSRP/RSRQ L1 periods of cat M1/catM2

Need for investigation of the cell detection is FFS; based on outcome of RSRP/RSRQ studies


Another open issue in defining high speed requirement is whether to enhance the cell identification and measurement requirements as HST WI to support high speed, and whether the enhanced core or performance requirements are only for intra-frequency or for both intra- and inter-frequency.
In this paper, we will provide our views on high speed support for efeMTC
2 Discussion 
2.1 Simulation results
We conducted link level simulations to according to [2], and our results are shown in Table 1 and Table 2 for delta RSRP and delta RSRQ, respectively.
Table 1: delta RSRP

	Channel
	SNR [dB]
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	ETU 220Hz
	-7
	-2.62
	-0.52
	0.95
	2.62
	3.57

	
	-6
	-2.19
	-0.47
	0.76
	2.19
	2.95

	
	-5
	-1.90
	-0.48
	0.60
	1.9
	2.5

	
	-4
	-1.70
	-0.48
	0.43
	1.7
	2.13

	
	-3
	-1.47
	-0.50
	0.25
	1.47
	1.72

	
	-2
	-1.36
	-0.48
	0.21
	1.36
	1.57

	
	-1
	-1.29
	-0.51
	0.06
	1.29
	1.35

	
	0
	-1.18
	-0.52
	0.02
	1.18
	1.2

	
	1
	-1.13
	-0.50
	-0.05
	1.13
	1.08

	
	2
	-1.09
	-0.52
	-0.10
	1.09
	0.99

	
	3
	-1.04
	-0.52
	-0.12
	1.04
	0.92


Table 2: delta RSRQ

	Channel
	SNR [dB]
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	ETU 220Hz
	-7
	-2.49
	-0.38
	1.06
	2.49
	3.55

	
	-6
	-2.03
	-0.29
	0.89
	2.03
	2.92

	
	-5
	-1.71
	-0.29
	0.78
	1.71
	2.49

	
	-4
	-1.48
	-0.25
	0.64
	1.48
	2.12

	
	-3
	-1.20
	-0.23
	0.51
	1.2
	1.71

	
	-2
	-1.07
	-0.18
	0.51
	1.07
	1.58

	
	-1
	-0.94
	-0.15
	0.41
	0.94
	1.35

	
	0
	-0.80
	-0.12
	0.42
	0.8
	1.22

	
	1
	-0.70
	-0.05
	0.41
	0.7
	1.11

	
	2
	-0.60
	-0.01
	0.42
	0.6
	1.02

	
	3
	-0.50
	0.03
	0.45
	0.5
	0.95


Based on the results, we have the following observation:
Observation: The current measurement accuracy requirements can be met with existing measurement period under ETU220 channel.

2.2 Consideration on the requirements 
RAN4 has worked on HST WI in Rel-14 to support mobility as high as 350km/h. In principle, the conclusions from the HST WI can apply to high speed support in efeMTC. In HST WI, it was identified that RRM requirements (cell identification delay and measurement period) need to be enhanced when long DRX (DRX cycle >=160ms) is used. As a results, intra-frequency requirements were enhanced for DRX.
We first look at non-DRX requirement. The cell identification time and measurement period for Cat-M are 1.44s and 480ms assuming GP#0 is used. From section 2.1 it is observed that same measurement period can be re-used in CEModeA for high speed, while it is to be checked if same cell identification time can also be re-used. From the past experience, cell detection is not very sensitive to high Doppler, so we assume UE can meet the same identification delay requirement. 

On the other hand, the DRX requirement with 160ms DRX cycle is 1.6s for cell identification and 480ms for measurement, both are relaxed than non-DRX requirement for Cat-M. As 160ms DRX requirement after enhancement is considered as enough for high speed, we do not see the need to further enhance the non-DRX requirement of Cat-M assuming GP#0 is used. 

When GP#1 is used, the cell identification time and measurement period for Cat-M are 2.88s and 960ms, both are longer than the 160ms DRX enhanced requirement, thus may not be enough to support high speed. We think RAN4 should further discuss how to handle GP#1 requirement.   
Another issue with non-DRX requirement is the relaxation when G parameter is configured to large values to enable dis-continuous MPDCCH monitoring for power saving. We do not think this relaxation needs to be changed, since it is up to network to configure the G parameter. Similarly, in HST WI, network can configure the cell high speed flag so that UEs in the cell would apply the enhanced requirements. 
Proposal 1: Cat-M non-DRX requirements with GP#0 are re-used for high speed. RAN4 should discuss if requirements with GP#1 need to be enhanced or not. 

Next we look at DRX requirement. Cat-M DRX requirements are essentially same as DRX requirements for normal UE. Therefore, we think the it’s desirable that same enhancement as defined in HST also apply to Cat-M, assuming Cat-M UE can also meet the same enhanced requirements. However, whether this assumption is valid or not needs to be further checked in RAN4. 

Proposal 2: RAN4 to further check if enhancement to DRX requirements defined in HST WI can apply to Cat-M.
Finally, we will look at inter-frequency requirements. It should be noted that in HST WI, inter-frequency requirements were not enhanced mainly due to time limitation, and there were companies also proposing to enhance inter0frequency also. In this sense, it is desirable to enhance the inter-frequency requirements for Cat-M. However, one difference of Cat-M measurement is that gaps are shared between intra- and inter-frequency measurement, which means both will be relaxed compared to only one measurement is performed. 

Our view is that inter-frequency requirements are not enhanced, and in high speed UE should only perform intra-frequency measurement. Of course, RAN4 needs to discuss the applicability, i.e. under which condition UE should drop inter-frequency measurement but use all gaps for intra-frequency and meet the enhanced requirements (if defined). 

Proposal 3: Cat-M inter-frequency requirements are not enhanced for high speed.

Proposal 4: UE should drop inter-frequency measurement and use all gaps for intra-frequency measurement in high speed. 

Proposal 5: RAN4 should discuss the applicability rule of high speed measurement for Cat-M UE. 
3 Conclusions 

In this paper, we provided our views on high speed support for efeMTC CEModeA.
Observation: The current measurement accuracy requirements can be met with existing measurement period under ETU220 channel.
Proposal 1: Cat-M non-DRX requirements with GP#0 are re-used for high speed. RAN4 should discuss if requirements with GP#1 need to be enhanced or not.
Proposal 2: RAN4 to further check if enhancement to DRX requirements defined in HST WI can apply to Cat-M.
Proposal 3: Cat-M inter-frequency requirements are not enhanced for high speed.

Proposal 4: UE should drop inter-frequency measurement and use all gaps for intra-frequency measurement in high speed. 

Proposal 5: RAN4 should discuss the applicability rule of high speed measurement for Cat-M UE.
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