3GPP TSG-RAN WG4 #77	R4-157944
Anaheim, USA, November 16th – 20th 2015


Agenda item:	9.5.3
Source: 	Qualcomm Incorporated
[bookmark: _GoBack]Title: 	Improvement in UE demodulation performance in SFN channel
Document for:	Discussion
Introduction
In RAN4 #75, RAN4 agreed on a new propagation channel model for SFN deployment for high speed train [1] and also agreed on simulation assumptions to evaluate UE demodulation performance under SFN channel [2]. In RAN4 #76, we provided simulation results for PDSCH demodulation performance in SFN channel [3]. In this contribution, we provide simulation results from a modified legacy UE which shows some improvement in demodulation performance compared to the legacy UE. Based on our results, we share our views on specification of performance requirements for SFN channel. 
Discussion

In this section, we present simulation results for PDSCH demodulation obtained from a modified legacy UE. The modified legacy UE has an improved channel estimation for high Doppler channel compared to the legacy UE. We evaluate the modified legacy UE under the power normalized high speed train channel model in SFN deployment described in Chapter 6.2.3.1 of TR36.878 [4]. In particular, we provide fixed MCS PDSCH demodulation performance for two different sets of RRH spacing parameters (described in Table 1) and three different sets of train speed & maximum Doppler shift values (described in Table 2). For each set of RRH spacing parameters, we treat the scenario with = 30km/h and  = 75Hz as the baseline. We also provide link-adaptation simulation results.
Table 1: RRH parameters for different SFN scenarios
	Parameter
	RRH spacing 1
	RRH spacing 2

	

	1000 m
	500 m

	

	10 m
	5 m



Table 2: Speed and Doppler values different for SFN scenarios
	Parameter
	Low Speed 1 (baseline)
	High Speed 1
	High Speed 2

	

	30km/h
	350km/h
	350km/h

	

	75Hz
	750Hz
	850Hz



FMCS simulation 
We evaluated FMCS demodulation performance of the modified legacy UE with the following simulation parameters
· System Bandwidth: 10MHz
· Duplex mode: FDD
· Transmission mode: TM3
· Antenna configuration: 2x2
· MCS: MCS #16, MCS #19 (R.35-4 FDD), MCS #24
· 50 PRB allocation in PDSCH SF
· PDSCH scheduled in SF 0,1,2,3,4,6,7,8,9
· CFI: 2
The simulation results are shown in Figure 1. From Figure 1, we can see that PDSCH demodulation performance of the modified legacy UE in SFN channel with maximum Doppler shift of 750Hz (and 850Hz) shows significant degradation compared to performance in SFN channel with a maximum Doppler shift of 75Hz Moreover, we make the following observations:
· Observation 1: As the MCS increases, the ratio, of the maximum throughput achieved under SFN channel with maximum Doppler shift of 750Hz (and 850Hz) to the maximum throughput achieved under SFN channel with maximum Doppler shift of 75Hz, becomes smaller
· Observation 2: The maximum throughput achieved, under SFN channel with maximum Doppler shift  of 750Hz with MCS #16 is higher than that achieved with MCS #19 and MCS #24
Both Observations 1 and 2 indicate that in SFN channel with high Doppler shifts, the SNR is capped due to channel interpolation error. This is due to the fact that after FTL correction, of the two taps of the SFN channel, the weaker one will be rotating at very high rate, making it very difficult to track changes in it. Channel interpolation error is the dominant source of error in SFN channel with both 750Hz and 850Hz maximum Doppler shifts. Naturally, as the maximum Doppler shift increases, the interpolation error also increases. In Figure 1, the results for MCS 16 indicate that the SNR cap with Doppler shift of 750Hz is very low, around 12dB, while that for 850Hz is even lower, around 11dB. 
We also evaluated the PDSCH demodulation performance with two different RRH spacing, 500m and 1000m. From Figure 1, we observe that very similar throughput is achievable with RRH spacing of 500m and 1000m. This makes sense because the proportion of time when channel interpolation is challenging (and errors from it will have significant impact of throughput) in SFN channel is roughly the same for RRH spacing of 500m and 1000mts. And since the total power is normalized, the throughput achieved with different RRH spacing will be similar. 
Link adaptation simulation
In this section, we present simulation results of PDSCH demodulation with link-adaptation (OLLA) obtained from a modified legacy UE, and compare it to legacy UE. The performance is evaluated under SFN channel with maximum Doppler shift of 75Hz and 750Hz, with RRH spacing,  and . The simulation assumptions are 
· System Bandwidth: 10MHz
· Duplex mode: FDD
· Transmission mode: TM3
· Antenna configuration: 2x2
· 50 PRB allocation in PDSCH SF
· PDSCH scheduled in SF 0,1,2,3,4,6,7,8,9
· CFI: 2
· MCS selection is based on wideband CQI
· OLLA is enabled at eNodeB
Figure 2 shows the simulation result. From Figure 2, we can see that the modified legacy UE shows an improvement in link adaptation performance compared to the legacy UE when the maximum Doppler shift is 750Hz. The improvement is a result of improved channel estimation when the UE close to the middle of the two repeaters. However, this improved throughput achieved by modified legacy UE is still significantly degraded compared to the baseline SFN channel with maximum Doppler shift of 75Hz. The degradation observed in link adaptation (shown in Figure 2) is expected based on the FMCS simulation results shown in Figure 1. 
Specification of performance requirement
From the simulation results, we observe that the channel estimation error becomes the dominant source of error as the maximum Doppler shift under SFN deployment becomes large. With increasing Doppler the overall SNR is capped to a low value making it difficult for higher MCS to be decodable when the UE is in the middle of the two repeaters. 
Proposal 1. RAN4 should consider challenge in channel estimation in SFN channel with large Doppler shift when specifying minimum performance requirement. 
Conclusion
In this contribution, we presented simulation results for demodulation performance of FMCS and link adaptation under SFN channel obtained from a modified legacy UE. Even though the throughput achieved by the modified legacy UE is higher than the legacy UE, it is still significantly degraded compared to baseline, primarily due to the error in estimating/interpolating weaker of the two taps at high Doppler values. Based on our simulation results we made the following proposal:
Proposal 1. RAN4 should consider challenge in channel estimation in SFN channel with large Doppler shift when specifying minimum performance requirement.
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Figure 1. PDSCH throughput in SFN channel with fixed MCS scheduling with modified legacy UE
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Figure 2. Link adaptation (with OLLA) throughput in SFN channel with  and 
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