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1. Introduction

In the last meeting, the enhancement on UE demodulation for high speed scenario was discussed and a way forward was agreed [1]. This contribution provides further discussion on this issue.
2. Discussion 
2.1 SNR range

So far in the market, there are only legacy UEs which do not have good performance in Doppler frequency tracking and channel estimation as identified in the previous RAN4 work. However, in the field test, only the legacy receiver can be used. Due to the imperfect demodulation performance of legacy UE, the test results can not reflect the real SNR in the network accurately.
Observation 1: since only legacy UE is used in the field test, the results can not reflect the real SNR in the network accurately due to imperfect demodulation performance of legacy receiver. 

In order to obtain the SNR range in the network, the simulations for SFN scenario with 4-RRHs connected to 1 BBU are performed. The simulation assumption is based on the macro cell propagation model for rural area [2]. The transmitter EVM of 3.5% is also considered. 
Since the RRH railway track distances is 100 meters for the new deployed network, the case of Dmin=100m are also simulated. Figure 1 is the CDF curve of SNR distribution. Figure 2 is the SNR distribution with distance. 

Figure 1 Simulated SINR distribution for SFN scenario with 4-RRU connected to 1 BBU
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Figure 2 Simulated SINR distribution with distance 
From the simulation results, it can be found that there is high probability of high SINR in the network.  If the RRH railway track distance is 300 meters, the SINR is more than 17dB for 50% of users. For shorter RRH railway track distance (100 meters), the SINR is more than 24dB for 50% of users.

Observation 2: there is high probability of high SINR in the high speed SFN network.

As already identified, the higher MCS, the worse demodulation performance of legacy UE will be. However, from above simulation results, there is high probability of high SINR in the SFN network. In order to guarantee the system performance at high SNR, it is necessary to consider high MCS value in the UE demodulation test. 
Proposal 1: it is proposed to use high MCS value in the UE demodulation test (at least MCS19 should be considered).  

2.2 reference receiver
According to the agreed way-forward, there are three candidate receivers: 

· Alternative 1: UE assuming extended U-shape Doppler spectrum and always covering    the high power paths in Doppler spectrum; Analyze the impact of AFC being ON or OFF.

· Alternative 2: Consider the assistance signaling and use the optimized receiver like HeUE defined in 6.4.3.1 of TR36.878.

· Alternative 3: Receiver capable of performing channel estimation assuming asymmetric U-shaped spectrum.
Figure 3-4 provide simulation results for SFN scenario 1 based on the agreed 4-tap channel model. Both HeUE and extended U-shape Doppler spectrum receiver are simulated. Both 300m railway track distance and 100m railway track distance are simulated. Table 1 summarizes the SNR at 70% throughput.
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Figure 3 throughput under MCS19, Ds=1000m, Dmin= 300m
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Figure 4 throughput under MCS19, Ds=1000m, Dmin= 100m
Table 1 simulation results of HeUE and extended U-shape Doppler spectrum
	Receiver type
	SNR @ 70%TP (dB)

	
	Dmin=300m
	Dmin=100m

	HeUE
	21
	23

	Extended U-shape Doppler spectrum
	24
	26


From above simulation results, it can be seen that compared with 300 meters, there is performance degradation (2dB) when RRH railway track distances is 100 meters due to the higher Doppler frequency shift. 
Observation 3: compared with 300m, there is demodulation performance degradation for the smaller RRH railway track distance (100m).
Because RRH railway track distance of 100m is becoming an important deployed scenario, it is necessary to consider the smaller RRH railway track distance in the enhancement of UE demodulation for SFN scenario.

Proposal 2: it is proposed to consider the smaller RRH railway track distance (100 meters) in the enhancement of UE demodulation for SFN scenario

From the simulation results, it can be seen that there is performance gap between these two kinds of receivers. HeUE is about 3dB better than extended U-shape Doppler spectrum receiver, but it is more complex. From operator’s point of view, HeUE is preferred, since it has higher performance gain. However, the UE complexity also needs to be considered. In order to make progress, it is encouraged  to input more analysis on UE complexity of HeUE.

Proposal 3: it is encouraged to input more analysis on UE complexity of HeUE. 
3. Conclusion
This contribution provides analysis on enhancement of UE demodulation for NB-IOT:
Observation 1: since only legacy UE is used in the field test, the results can not reflect the real SNR in the network accurately due to imperfect demodulation performance of legacy receiver. 

Observation 2: there is high probability of high SINR in the high speed SFN network.

Observation 3: compared with 300m, there is demodulation performance degradation for the smaller RRH railway track distance (100m).

Proposal 1: it is proposed to use high MCS value in the UE demodulation test (at least MCS19 should be considered).  

Proposal 2: it is proposed to consider the smaller RRH railway track distance (100 meters) in the enhancement of UE demodulation for SFN scenario

Proposal 3: it is encouraged to input more analysis on UE complexity of HeUE. 
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