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1. Introduction
In RAN4 #85, RAN4 continued discussion on potential RRM measurement performance enhancement of eFeMTC UE in high Doppler channel and reached following agreements in WF [1]. 
· 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
In this contribution, we provide our view on remaining issues on RRM measurement requirement for eFeMTC UE in high Doppler channel. 
2. Discussion
2.1. Cell reselection requirements under idle mode DRX
For idle mode eMTC UE in normal coverage, RRM requirement for cell reselection is same as legacy LTE UE as shown in table below while reselection offset is increased from 3dB to 4dB in consideration of measurement accuracy degradation due to 1 Rx measurement. Since cell reselection requirement for legacy LTE UE is supposed to cover at least up to 220Hz Doppler frequency, existing idle mode cell reselection requirements for eMTC UE in normal coverage should be able to cover Doppler frequency up to 220Hz. 
Table 4.7.2.1.2-1 : Tdetect,EUTRAN_Intra_NC, Tmeasure,EUTRAN_Intra_NC and Tevaluate, E-UTRAN_Intra_NC
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra_NC [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra_NC [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra_NC
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

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


Observation 1. Existing idle mode cell reselection requirements for eMTC UE in normal coverage should be applicable to 220Hz Doppler frequency channel.
For idle mode UE in enhanced coverage, cell reselection requirements in following table was specified. We can see that cell detection delay is significantly increased when neighbor cell is in deep coverage but measurement period and reselection evaluation duration is similar to normal coverage. Also, reselection offset is increased to 5dB to account for measurement accuracy degradation in enhanced coverage. Since RAN4 already confirmed that cell detection and measurement accuracy performance is not significantly affected due to Doppler frequency up to 220Hz, it would be desirable to keep the same cell reselection requirement in enhanced coverage also. 
Observation 2. Existing idle mode cell reselection requirements for eMTC UE in enhanced coverage should be applicable to 220Hz Doppler frequency channel.

Table 4.7.2.2.2-1 : Tdetect,EUTRAN_Intra_EC, Tmeasure,EUTRAN_Intra_EC and Tevaluate, E-UTRAN_intra_EC

	SCH Ês/Iot of neighboring cell: Q2 [dB]
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra_EC [s] (number of DRX cycles) 
	Tmeasure,EUTRAN_Intra_EC [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra_EC

[s] (number of DRX cycles)

	-15≤ Q2 < -6
	0.32
	330.24 (1032)
	1.28 (4)
	10.24 (32)

	
	0.64
	330.24 (516)
	1.28 (2)
	10.24 (16)

	
	1.28
	524.8 (410)
	1.28 (1)
	12.8 (10)

	
	2.56
	1039.36 (406)
	2.56 (1)
	15.36 (6)

	Q2(-6
	0.32
	16.64 (52)
	1.28 (4)
	10.24 (32)

	
	0.64
	23.04 (36)
	1.28 (2)
	10.24 (16)

	
	1.28
	38.4 (30)
	1.28 (1)
	12.8 (10)

	
	2.56
	66.56 (26)
	2.56 (1)
	15.36 (6)


2.2. RRM measurement requirement in connected mode DRX

For LTE UE, intra-frequency cell identification requirements and measurement requirements under connected mode DRX are defined for non-HST scenario and HST scenario. HST scenario is indicated by network signaling highSpeedEnhancedMeasFlag and UE is required to perform more frequent cell identification and measurement to maintain handover performance. For example, in non-HST scenario, UE can perform intra-frequency RRM measurement once in 5 DRX cycles. In HST scenario, UE needs to reduce the measurement period to 3 or 4 DRX cycle depending on DRX cycle length. 
RAN4 agreed that high speed scenario for eFeMTC UE in Rel-15 covers Doppler frequency of up to 220Hz. 220Hz Doppler frequency corresponds to 300km/h for 800MHz band, 132km/h for 1.8GHz band and 90km/h for 2.6GHz band. This implies that further optimization for RRM measurement in connected mode DRX could be beneficial only for sub-GHz band deployment in HST-like environment. It’s not clear whether RRM performance enhancement for eMTC UE for limited deployment scenario is necessary. 
Observation 3. Further optimization for RRM measurement in connected mode DRX could be beneficial only for sub-GHz band deployment of eMTC network in HST-like environment. 
Table 8.1.2.2.1.2-2: Requirement to measure FDD intrafrequency cells

	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04
	0.2 (Note1)

	0.04<DRX-cycle≤2.56
	Note2 (5)

	Note1:
Number of DRX cycle depends upon the DRX cycle in use.

Note2:
Time depends upon the DRX cycle in use.


Table 8.1.2.2.1.2-4: Requirement to measure FDD intrafrequency cells for UE configured with highSpeedEnhancedMeasFlag
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04
	0.2 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (4)

	0.08<DRX-cycle≤1.28
	Note2 (3)

	1.28<DRX-cycle≤2.56
	Note2 (5)

	Note1: 
Number of DRX cycle depends upon the DRX cycle in use.

Note2: 
Time depends upon the DRX cycle in use.


2.3. Gap sharing optimization for inter-frequency measurement
Since eMTC UE relies on measurement gap for both intra-frequency and inter-frequency measurement, gap sharing mechanism was introduced in Rel-13. For gap sharing, eNB provides RRC parameter measGapSharingScheme so that UE can allocate gap between intra-frequency and inter-frequency measurement according to the table below. In the table value of X indicates percentage of measurement gap that is reserved for inter-frequency measurement. 
In high mobility scenario, it is deemed more important to maintain intra-frequency handover performance than inter-frequency handover performance. Network might want to allocate larger portion of measurement gap to intra-frequency measurement in high mobility environment. However, we don’t see obvious benefit from further optimization. With current signaling, network can allocate up to 60% of measurement gap to intra-frequency measurement. If increased intra-frequency measurement delay due to gap sharing is a concern, network still has the option of not configuring inter-frequency measurement so that all measurement gaps are dedicated to intra-frequency measurement. 
Observation 4. It is not clear what is the benefit of further optimization of measurement gap sharing. 
Table 8.13.2.1.1.1-2: Value of parameter X for CEModeA

	Network signaling ParameterName (to be determined by RAN2)
	Value of X (%)

	‘00’
	[Equal split]

	‘01’
	[40]

	‘10’
	[50]

	‘11’
	[60]


3. Conclusion

In this contribution, we provided further analysis on the remaining issues on RRM measurement requirement for eFeMTC UE in high Doppler channel. Our observations are
Observation 1. Existing idle mode cell reselection requirements for eMTC UE in normal coverage should be applicable to 220Hz Doppler frequency channel.

Observation 2. Existing idle mode cell reselection requirements for eMTC UE in enhanced coverage should be applicable to 220Hz Doppler frequency channel.

Observation 3. Further optimization for RRM measurement in connected mode DRX could be beneficial only for sub-GHz band deployment of eMTC network in HST-like environment. 

Observation 4. It is not clear what is the benefit of further optimization of measurement gap sharing.
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