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1 Introduction

In RAN4#76 meeting, the simulation results of RLM in SFN channel were provided and discussed. It was pointed out that PDCCH performance in SFN channel has degradation compared with ETU70 in Rel-8 [1]. In this contribution, we further provide RLM simulation results under SFN channel model based on different channel estimation algorithms.
2 Discussions
2.1 Simulation assumptions

The agreed SFN channel model defines two-tap dynamic channels, including time-variant Doppler shifts, relative power and time delay. The parameters for SFN channel model is listed in Table 1, which refer to Table 6.2.3.1-1 and Table 6.2.3.1-2 in [1].
Table 1: Parameters for SFN channel model
	Parameters
	Value

	
	Set 1
	Set 2

	Ds
	1000 m
	500 m

	Dmin
	10 m
	5 m

	v
	350 km/h
	350 km/h

	fd
	[TBD] Hz
	[TBD] Hz


Assuming carrier frequency is 2.7GHz and UE velocity is 350km/h, the corresponding Maximum Doppler shift (
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) is 875Hz. Besides, the PDCCH/PCFICH transmission parameters for SFN channel are summarized in clause 6.3.1 in [1].
2.2 Simulation results
In this section, the PDCCH performance is simulated for legacy UE and High Speed Scenario enhanced UE respectively.
2.2.1 Legacy UE
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Figure 1: PDCCH performance in AWGN
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Figure 2: PDCCH performance in ETU 70Hz
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Figure 3: PDCCH performance in SFN (Parameter Set1)
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Figure 4: PDCCH performance in SFN (Parameter Set2)
From figures 1-4, the SNR values of Qout and Qin in SFN channel for legacy UEs are shown in the Table 2.
Table 2: SNR value of Qin/Qout (Unit: dB)

	Antenna configuration
	Verification point
	SFN Channel Model
	AWGN
	ETU 70Hz

	
	
	Set1
	Set2
	
	

	1x2
	Qout
	-9.12
	-9.25
	-12.14
	-9.54

	
	Qin
	-2.96
	-2.19
	-7.23
	-5.07

	2x2
	Qout
	-9.17
	-9.16
	-12.17
	-10.18

	
	Qin
	-2.91
	-2.26
	-7.24
	-5.62


Wiener filter algorithm is used as typical channel estimation in Rel-8, which assumes single path Doppler shift and U-shape Doppler spectrum. Based on the simulation results in Table 2, the PDCCH performance of SFN channel is worse than that of Rel-8 channels, i.e., AWGN and ETU 70Hz. There is about 4dB~5dB SNR level gaps between Qout and Qin in Rel-8 channels, however, the SNR level gap is about 6dB~7dB in SFN channel. Hence, it is easier for UE to enter Qout and more difficult to obtain a link recovery when radio link problems are detected. For wiener filter algorithm, the Doppler shift of each path is assumed identical, which is not applicable to SFN channel.
Observation 1：Under the SFN scenario, the legacy UE, which uses typical channel estimation algorithms, would suffer from the PDCCH performance degradation.
2.2.2 High Speed Scenario enhanced UE
As discussed above, the wiener filter algorithm is not applicable to SFN channel for channel estimation. In order to cope with the SFN scenario with multiple Doppler shifts (mainly two Doppler shifts from the adjacent two RRHs serving the UE), we develop one kind of enhanced receiver, which we name as High Speed Scenario enhanced UE (HeUE for short). HeUE is able to estimate the multiple Doppler shifts and properly track the frequency assuming the existence of multiple Doppler shifts, e.g., using the strategy where UE tracks the stronger tap when the power of one tap is much stronger than the other and tracks the centre between two Doppler shifts when two taps are almost with the equal power. HeUE can also conduct the proper interpolation for the channel estimation especially in time domain, e.g., conducting time-domain interpolation by using the Wiener filter assuming two Doppler shifts instead of U-shape Doppler spectrum and zero Doppler shifts.
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Figure 5: PDCCH performance in SFN (Parameter Set1)
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Figure 6: PDCCH performance in SFN (Parameter Set2)
From figures 5-6, the SNR values of Qout and Qin in SFN channel for HeUEs are showed in the Table 3.
Table 3: SNR value of Qin/Qout (Unit: dB)

	Antenna configuration
	Verification point
	SFN Channel Model
	ETU 70 (for reference)

	
	
	Set1
	Set2
	

	1x2
	Qout
	-10.42
	-10.35
	-9.54

	
	Qin
	-6.04
	-5.60
	-5.07

	2x2
	Qout
	-10.66
	-10.51
	-10.18

	
	Qin
	-6.10
	-5.76
	-5.62


From the simulation results in Table 3, the HeUE that uses enhanced channel estimation algorithm achieves better PDCCH performance than that of legacy UE. With the enhanced algorithm, the PDCCH performance in SFN channel is comparable to Rel-8 fading channel (i.e., ETU 70Hz).
Observation 2: With enhanced algorithms in UE side, e.g., HeUE described in clause 2.2.2, are applied, the RLM performance in SFN channel could be comparable with ETU70 in Rel-8.
2.3 Possible solutions for SFN scenario
As the relative powers of two taps are comparable and the Doppler shifts of two taps are with the different signs at the midway of the two RRHs in SFN channel, it would be challenging for UE to estimate the Doppler shifts and perform the channel estimation. The simulation results of RLM show that the RLM performance has degradation under SFN channel compared with AWGN and ETU70. There are some possible options to enhance RLM performance under SFN channel.
· Option1 (UE based solution): High speed scenario enhanced UE (HeUE)

The UE based solution has been extensively introduced in section 2.2.2. And the new algorithms for frequency tracking and the channel estimation should be conducted by the new UE. We call such UE as HeUE, which is characterized by:

· HeUE assumes the existence of multiple Doppler shifts and is able to accurately estimate them by utilizing the enhanced estimation algorithms;

· HeUE is able to properly track the frequency to adjust its own oscillator to keep synchronization by assuming the existence of multiple Doppler shifts;

· HeUE can conduct the proper interpolation for the channel estimation especially in time domain.

The simulation results for RLM based on the enhanced algorithm show the comparable performance as ETU70.

· Option2 (BS based solution): eNB frequency pre-compensation

The other solution is based on BS, which can estimate the downlink frequency by using the uplink signal, e.g., PUCCH for ACK/NACK transmission, and then compensate the downlink frequency per RRH before transmitting. We call this solution as eNB frequency pre-compensation.
In order to improve the RLM performance under SFN scenario, we proposed two solutions:

Proposal 1: In order to improve the RLM performance under SFN scenario, two candidate solutions are proposed
· Option 1 (UE based solution): The enhanced UE (HeUE) is characterized by

· HeUE assumes the existence of multiple Doppler shifts and is able to accurately estimate them by utilizing the enhanced estimation algorithms;

· HeUE is able to properly track the frequency to adjust its own oscillator to keep synchronization by assuming the existence of multiple Doppler shifts;

· HeUE can conduct the proper interpolation for the channel estimation especially in time domain.

· Option 2 (BS based solution): eNB frequency pre-compensation
· The enhanced BS can estimate the downlink frequency by using the uplink signal, e.g., PUCCH for ACK/NACK transmission, and then compensate the downlink frequency per RRH before transmitting.

3 Conclusion

This contribution provides the simulation results of PDCCH performance in SFN channel and the SNR values of Qout and Qin are summarized. We have the following observations and proposal which can be considered in the evaluation of RLM performance in high speed scenarios.
Observation 1：Under the SFN scenario, the legacy UE, which uses typical channel estimation algorithms, would suffer from the PDCCH performance degradation.
Observation 2: With enhanced algorithms in UE side, e.g., HeUE described in clause 2.2.3, are applied, the RLM performance in SFN channel could be comparable with ETU70 in Rel-8.
Proposal 1: In order to improve the RLM performance under SFN scenario, two candidate solutions are proposed
· Option 1 (UE based solution): The enhanced UE (HeUE) is characterized by

· HeUE assumes the existence of multiple Doppler shifts and is able to accurately estimate them by utilizing the enhanced estimation algorithms;

· HeUE is able to properly track the frequency to adjust its own oscillator to keep synchronization by assuming the existence of multiple Doppler shifts;

· HeUE can conduct the proper interpolation for the channel estimation especially in time domain.

· Option 2 (BS based solution): eNB frequency pre-compensation
· The enhanced BS can estimate the downlink frequency by using the uplink signal, e.g., PUCCH for ACK/NACK transmission, and then compensate the downlink frequency per RRH before transmitting.
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