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1. Introduction
In RAN4 #64bis, contribution [1] triggered discussion on the need to introduce a new TM2/TM3 demodulation test in high Doppler channel. As operators begin to deploy LTE network in high frequency band, it was identified that existing TM3 demodulation test defined in channels up to 70HZ Doppler frequency might be insufficient. Further discussion followed in RAN4 #65 and preliminary agreement on WF was made to continue investigation. 
· Evaluate whether the existing SIMO ETU300 requirements are  fully sufficient to verify UE demodulation performance under high band and high speed scenario;
· Evaluate whether a new requirement is needed to differentiate UEs with bad implementation (such as bad noise estimator) at high Doppler;
· Companies are invited to consider TM3 rank-2 transmission in the evaluation with high frequency band and high Doppler scenario.
· Other evaluations are not precluded
In this contribution, we clarify the nature of the problem and propose our recommendation. 
2. Test coverage analysis
 As described in [2], fading channel model is specified in terms of delay profile, Doppler spectrum and antenna correlation. For Doppler spectrum, RAN4 agreed to use classical spectrum with 3 different maximum Doppler frequencies corresponding to low, medium and high UE velocity. Doppler frequency will map to different UE speed depending on RF band. Considering large number of LTE bands that has already been defined and is yet to be defined in the future releases, we should stick to the principle that fading channel is defined in terms of Doppler frequency instead of UE speed. 
 As already noted in [1], UE demodulation test in 36.101 is mostly defined for TM1 while smaller set of channel models are used for other TMs. Especially, test in ETU300 channel is run only for TM1 and other TMs are tested only up to 70Hz Doppler frequency. Even though there is one TM2 test defined in high-speed train (HST) channel, characteristic of HST channel is similar to AWGN channel except when there is direction switch. Thus, HST channel is not suitable for verification of general UE demodulation performance in high Doppler channel. 
In RAN4 #65, the discussion was focused around the question whether bad UE implementation for high Doppler channel may or may not be detected by existing tests. We believe this question is misleading since sensitivity of UE demodulation performance to increased Doppler frequency would not be same if UE implementations from two vendors are not same. In [3], it was argued that bad noise implementation can be detected by demodulation test in high CINR region of high Doppler channel. But, it might be valid argument only under that particular UE’s implementation as illustrated in [4]. In other words, we cannot say new test is required since UE suffers performance degradation in particular implementation or new test is not required since there is no drastic performance degradation in another UE implementation. Instead, we should cast a question whether there is added value in defining new test case. Our answer to this question is positive. 
From UE demodulation performance point of view, increased Doppler frequency affects quite significant portion of UE receiver algorithm such as channel estimation, noise estimation, frequency and timing tracking and AGC. Usually, these UE receiver algorithms are dependent on reference signal. As long as different TMs rely on same reference signal, sensitivity of UE demodulation performance would be independent of TM under test. Also, note that effect of poor UE receiver implementation is sometimes visible only in high CINR region. In low or medium CINR region, effect of poor UE implementation is easily buried under background noise and/or interference. The boundary between high and low CINR is not always clear and dependent on specific channel impairment or UE algorithm. 
Looking at existing demodulation test, demodulation test in high Doppler channel like ETU300 is defined only for TM1 at CINR 0dB and 9.4dB. It is obvious that UE performance in high Doppler channel is not verified in CINR higher than 15dB. Also, for all other TMs, demodulation test is defined only up to 70Hz Doppler frequency and do not cover Doppler frequency higher than 70Hz. There is obvious test coverage hole for high CINR region of high Doppler channel. The value of newly added test case would be verifying UE demodulation performance in general in high CINR region of high Doppler channel, which is not well covered by existing demodulation test suites. 
Proposal 1: Investigate the need for demodulation test in high CINR region of high Doppler channel from the perspective of added value of new test case. 
Observation 1: There is a test coverage hole in high CINR region of high Doppler channel. 
Table 1. TM1 demodulation test in ETU300 channel
	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	3
	10 MHz
	R.2 FDD
	OP.1 FDD 
	ETU300
	1x2 Low
	70
	0.0
	1-5

	8
	10 MHz
	R.3 FDD
	OP.1 FDD 
	ETU300
	1x2 High
	70
	9.4
	2-5


3. Test candidates for new test case

 For evaluation of feasibility of UE demodulation test in high Doppler channel, we ran simulation for FRC test in EVA200 low correlation channel. Simulation assumptions are summarized in table 2. Closed-loop operation was excluded from consideration since all demodulation tests in 36.101 are defined with FRC. For Doppler frequency, we considered 200Hz in the simulation but higher Doppler frequency can also be investigated if necessity is identified. 
 Figure 2 shows simulation results for 4 different TM/MCS combinations. What we can observe from the simulation results is
· UE can achieve peak throughput with increased CINR for all TM/MCS combination, which indicates that there is no implementation imperfection causing BLER floor in considered channel condition. 
· Throughput curve is smooth around 70% peak throughput for all TM/MCS combinations. Thus, there would be no difficulty in defining test point by following conventional approach. 
· All TM/MCSs except for TM3/64-QAM ½ achieves peak throughput at CINR below 15dB. Considering that test is targeted for high CINR region of high Doppler channel, TM3 64-QAM ½ seems to be the best candidate for new test case. 
If we look at 70% peak throughput for TM3 64-QAM 1/2, required CINR is around 17.5dB. Based on these results, we propose following. 

Proposal 2: Consider EVA200 low correlation channel as candidate channel  for new demodulation test. 
Proposal 3: Consider TM3 64-QAM ½ as candidate TM/MCS for new demodulation test.

Table 2. Simulation assumption for high Doppler channel demodulation test

	Transmission mode
	TM2, TM3

	System bandwidth
	10MHz

	Antenna configuration
	2x2

	PDSCH allocation
	R-11 FDD (16-QAM ½)

R35-FDD (64-QAM ½)

	Channel
	EVA,  200Hz, Low correlation

	HARQ retransmission
	4
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Figure  1. Demodulation performance in EVA200 Low correlation channel
4. Conclusion 
In this contribution, we provided our analysis on the need for new demodulation test in high Doppler channel and simulation results for TM/MCS candidates to evaluate the feasibility of new test. Based on the analysis and simulation results, we propose the following. 
Proposal 1: Investigate the need for demodulation test in high CINR region of high Doppler channel from the perspective of added value of new test case. 

Proposal 2: Consider EVA200 low correlation channel as candidate channel for new demodulation test. 
Proposal 3: Consider TM3 64-QAM ½ as candidate TM/MCS for new demodulation test.

We recommend taking these results and proposal into account in the discussion to introduce new demodulation test in CINR region of high Doppler channel.  
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