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1 Introduction
The RRM requirements for Cat-M1 UEs have been specified with the completion of the core part of Rel-13 WI “Further LTE Physical Layer Enhancements for MTC” [1]. During the maintenance period, some requirements are discussed, and one issue that was raised is the measurement requirements for TDD configuration 0.
In RAN4#80, a WF [2] was agreed and main proposal is captured below.

	Revisit Rel-13 eMTC TDD measurement requirement when 2 consecutive DL subframes are not available. 

· Study measurement requirement for TDD Uplink-downlink configurations 0


In this paper, we will provide our simulation results for Cat-M1 measurement performance when 2 consecutive DL subframes are not available. Based on that, we will also present our view how to handle measurement requirements for TDD configuration 0.
2 Discussion
In Rel-13 studies, it was found that coherent averaging over 2 consecutive DL subframes is important for UE to achieve meaningful accuracy within the measurement period when operating at very low SNR condition, i.e. CEMode B. For some requirements (e.g. HD-FDD), “at least two consecutive downlink subframe per radio frame of measured cell is available” is also specified as the side condition for the requirements.

On the other hand, for TDD configuration 0, there are no 2 consecutive DL subframes, so it is necessary to evaluate the measurement performance with 1 DL subframe per sampling. Link level simulations are conducted, and our simulation assumptions are listed in Table 1.  

Table 1: Simulation assumptions

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 RB

	

	L1 measurement period
	800 ms, 1600ms
	For comparison

	Measurement sampling rate
	40ms
	

	Consecutive subframes used
	1, 2
	For comparison

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	1 
	

	Mobility
	Both stationary UEs and mobile UEs
	

	Propagation conditions
	Stationary: AWGN, ETU1, EPA1
Mobile: ETU30, EPA5
	

	Channel estimation techniques
	Coherent averaging over all PRBs in the measurement bandwidth 
	

	CP length
	Normal
	

	Carrier frequency
	2 GHz
	

	Ec/Iot
	-15 dB, -12 dB
	


Our simulation results for delta RSRP is shown in Table 2. Delta RSRQ results are not shown here but we have observed very similar trends as RSRP.
Table 2: Delta RSRP simulation results
	Channel model
	SNR (dB)
	Meas period (ms)
	Consecutive SFs
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	AWGN
	-12
	800
	1
	-3.59
	0.06
	2.24
	3.59
	2.915

	
	
	800
	2
	-2.45
	0.10
	1.81
	2.45
	2.13

	
	
	1600
	1
	-2.38
	0.01
	1.47
	2.38
	1.925

	
	-15
	800
	1
	-4.18
	1.20
	3.97
	4.18
	4.075

	
	
	800
	2
	-4.24
	0.40
	2.85
	4.24
	3.545

	
	
	1600
	1
	-3.84
	0.99
	3.45
	3.84
	3.645

	EPA1
	-12
	800
	1
	-3.30
	0.65
	3.81
	3.81
	3.555

	
	
	800
	2
	-3.02
	0.34
	3.68
	3.68
	3.35

	
	
	1600
	1
	-3.82
	-0.07
	2.46
	3.82
	3.14

	
	-15
	800
	1
	-3.72
	1.71
	6.53
	6.53
	5.125

	
	
	800
	2
	-3.40
	1.19
	6.32
	6.32
	4.86

	
	
	1600
	1
	-4.77
	0.49
	3.89
	4.77
	4.33

	EPA5
	-12
	800
	1
	-3.71
	0.16
	2.53
	3.71
	3.12

	
	
	800
	2
	-3.13
	0.19
	2.13
	3.13
	2.63

	
	
	1600
	1
	-2.46
	0.27
	2.19
	2.46
	2.325

	
	-15
	800
	1
	-3.27
	1.82
	4.88
	4.88
	4.075

	
	
	800
	2
	-4.53
	0.48
	3.19
	4.53
	3.86

	
	
	1600
	1
	-3.88
	0.81
	3.23
	3.88
	3.555

	ETU1
	-12
	800
	1
	-3.71
	-0.04
	2.91
	3.71
	3.31

	
	
	800
	2
	-4.04
	-0.28
	1.82
	4.04
	2.93

	
	
	1600
	1
	-2.96
	-0.28
	1.81
	2.96
	2.385

	
	-15
	800
	1
	-5.24
	0.75
	5.08
	5.24
	5.16

	
	
	800
	2
	-4.76
	0.86
	4.55
	4.76
	4.655

	
	
	1600
	1
	-4.34
	0.39
	3.09
	4.34
	3.715

	ETU30
	-12
	800
	1
	-4.02
	-0.11
	2.29
	4.02
	3.155

	
	
	800
	2
	-3.57
	-0.50
	1.46
	3.57
	2.515

	
	
	1600
	1
	-3.43
	-0.45
	1.49
	3.43
	2.46

	
	-15
	800
	1
	-4.70
	0.63
	3.85
	4.7
	4.275

	
	
	800
	2
	-4.87
	0.15
	2.86
	4.87
	3.865

	
	
	1600
	1
	-4.33
	0.27
	2.59
	4.33
	3.46


From Table 2, we have following observations:
Observation 1: In most of the simulated cases, the order in terms of measurement performance is (1DL, 1600ms) > (2DL, 800ms) > (1DL, 800ms).
Observation 2: The performance gap between (2DL, 800ms) and (1DL, 800ms) is not significant.

Observation 3: In most of the simulated cases, the accuracy requirement can be met event with (1DL, 800ms).
It should be noted that above observation is made based on specific RSRP/RSRQ estimator we used in the simulation. As mentioned in Table 1, our estimator is more relying on coherent averaging over frequency domain to supress the noise, and that’s why our results are not very sensitive to the number of DL subframes used per sampling. Considering different implementation options in the RSRP/RSRQ estimator, in particular those relying on time domain averaging, we don’t have strong objection to relax the measurement requirements for TDD configuration 0.
Proposal: Measurement requirements for TDD configuration 0 could be relaxed considering different UE implementations. 
3 Conclusions 

In this paper, for the issue of measurement requirements for TDD configuration 0, we provided link level simulation results comparing performance with different number of DL subframes per sampling and different measurement period. Based on the results, we have the following observations and proposal.
Observation 1: In most of the simulated cases, the order in terms of measurement performance is (1DL, 1600ms) > (2DL, 800ms) > (1DL, 800ms).

Observation 2: The performance gap between (2DL, 800ms) and (1DL, 800ms) is not significant.

Observation 3: In most of the simulated cases, the accuracy requirement can be met event with (1DL, 800ms).
Proposal: Measurement requirements for TDD configuration 0 could be relaxed considering different UE implementations.
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