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Introduction
In RAN #70, new WI titled “Performance enhancements for high speed scenario” [1] has been approved. The WI proposal is based on the study item “Study on performance enhancements for high speed scenario in LTE” [2]. One of the objectives of the WI is to specify demodulation performance requirements, if needed, for high speed scenarios. In this contribution, we provide simulation results, for a bidirectional SFN channel, from a modified legacy UE whose demodulation performance is improved compared to the legacy UE. We also comment on (a) receiver structure and (b) parameters for SFN scenarios which are used for evaluating receiver performance.
Discussion
Receiver structure and deployment assumptions

Our modified legacy UE differs from the legacy UE in the sense that it can better handle higher doppler spreads. By doing so, it is able to recover some of the performance loss that is experienced by the legacy UE. We would like to note that the modified legacy UE’s design does not fine-tune its estimation and interpolation parameters assuming RAN4 channel model, i.e., two paths rotating with approximately opposite doppler shifts. In realistic scenarios, it is possible that more than two paths of reasonable strength are visible to the UE. In particular, consider a deployment with Ds = 850m and Dmin = 100m, where = 750Hz. For such a deployment, with three repeaters sharing the same cell ID, Figure 1 shows the relative strength of the three paths and their dopplers as observed at the UE (as a function of the location of the UE). From Figure 1, we can note that there is a significant duration where the UE observes three paths of reasonable strength, whose spectrum is not concentrated at two opposite doppler shift. Recognizing that in realistic deployments, the spectrum of channel can be different from the simplistic RAN4 channel model, our modified legacy UE implementation does not attempt to fine tune to the RAN4 model, and only considers improving channel estimation for large doppler spreads. Such an implementation will be robust to change of SFN channel parameters. We believe that robustness of the advanced receiver is an important criterion and while setting performance requirements for high speed SFN scenarios, only those advanced receivers should be considered which robustly provide gains in realistic scenarios.
Proposal 1: Demodulation performance requirement, if needed, should be set with only those advanced receivers, which provide robust gains in realistic SFN scenarios (where more than two paths of reasonable strength are possible).


In [3], input regarding RRH spacing parameters from different companies have been captured, and several companies have indicated that minimum spacing of the RRH from the railway track can be of the order of 100s of meters. Since different deployments result in different power profile and doppler spectrum, it is important to consider scenarios with large Dmin so that the advanced receivers provide gains in realistic scenarios.
Proposal 2: RAN4 should evaluate receivers also in SFN scenarios with large Dmin.
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Figure 1: Relative strength of the 3 paths and their dopplers when spacing between repeaters, Ds = 850m, minimum distance to the track, Dmin = 150m and maximum Doppler = 750Hz.

	




FMCS simulation results

In this section, we present simulation results for PDSCH demodulation obtained from a modified legacy UE. The modified legacy UE has better interpolation/estimation for channels with large doppler spreads 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 [2]. In particular, we provide fixed MCS PDSCH demodulation performance for three 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. 
Table 1: RRH parameters for different SFN scenarios
	Parameter
	RRH spacing 1
	RRH spacing 2
	RRH spacing 3

	

	1000 m
	500 m
	850 m

	

	10 m
	5 m
	150 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




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 results are shown in Figure 2 and 3. From the results, we can make the following observations
· Observation 1: For a given maximum doppler shift, the throughput of modified legacy UE is similar for RRH spacing parameters Ds = 1000m, Dmin = 10 & Ds = 500, Dmin = 5. However, slightly higher throughput is achievable if the RRH spacing parameter Ds = 850m, Dmin = 150m.
· Observation 2: As the maximum doppler increases, FMCS throughput of modified legacy UE also degrades. 
Observation 1 makes sense because SFN parameters Ds = 1000m, Dmin = 10 & Ds = 500, Dmin = 5 result in similar doppler spectrum (as a function of UE location), while Ds = 850, Dmin = 150 effectively results in a smaller doppler spread. With a smaller doppler spread, channel estimation error is smaller and thus higher throughput is feasible. 
Observation 2 makes senses because 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 3: 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 a modified legacy UE in a bidirectional SFN channel obtained from a modified legacy UE. The modified legacy UE is able to better handle larger doppler spreads, but is not fine tuning to RAN4 channel model. 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. We make the 
Proposal 1: Demodulation performance requirement, if needed, should be set with only those advanced receivers, which provide robust gains in realistic SFN scenarios (where more than two paths of reasonable strength are possible).
[bookmark: _GoBack]Proposal 2: RAN4 should evaluate receivers also in SFN scenarios with large Dmin.
Proposal 3: RAN4 should consider challenge in channel estimation in SFN channel with large Doppler shift when specifying minimum performance requirement.
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	Figure 2: PDSCH throughput for MCS = 16, 19 & 24 for RRH spacing parameters Ds = 1000, Dmin = 10 & Ds = 500, Dmin = 5
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Figure 3: PDSCH throughput for MCS = 16, 19 & 24 for RRH spacing parameters Ds = 850, Dmin = 150
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