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1 Introduction 
At RAN plenary meeting #66, the new study item “Study on performance enhancements for high speed scenario in LTE” was approved [1]. One of the objectives of the study item is to evaluate the channel model for high speed train scenario.
In [2], three new channel models are proposed for further research, including:

· SFN model (RRH sharing the same cell id to UE) 
· Leaky cable outside carriage to Repeater in tunnel scenario
· Leaky cable inside carriage to UE in tunnel scenario
Regarding SFN model, it is proposed in [3] that to simplify the channel modeling, in the first stage the channel model for tunnel SFN scenario resembleds the open space SFN scenario without considering reflectors and dispersion. [3] is then revised in RAN4 #74bis as [4], which proposes Two-tap dynamic channels, with independent time-variant parameters of Doppler shifts, relative power, and timing difference between two taps. Companies are encouraged to study to reach an agreement on the SFN model as soon as possible.


In this contribution, based on two-tap SFN channel in HST RoF scenario, we investigate the impact of different relative power and relative delay combination on OFDM receivers. The effect of deployment-depend fiber length to relative delay is taken into account.
2 Impact of SFN Channel: Static Experiment Results 
When a UE receives signal from multiple RAUs, the signal from different RAUs have relative power and relative delay. A static experiment is conducted with an OFDM generator and receiver, and a channel emulator is used to produce a two-tap channel with relative power and delay configured to be from -6dB ~ 6dB and 0.1GI (guard interval) ~ 0.9GI, respectively. The modulation and coding scheme (MCS) is QPSK-3/4. The throughput results for different relative power and relative delay are illustrated in Figure 1.
According to the results in Figure 1, the throughput won’t be degraded only if: 

· The relative power | ρ1 − ρ2 | ≥ 6dB regardless of the relative delay; or

· The relative delay |τ1 − τ2 | ≤ 0.3GI regardless of the relative power.

Otherwise, the throughput might be degraded or even dropped to zero. In other words, when the relative power difference among paths is big enough, the impact of weeker path can be ignored. On the other hand, different paths received by a UE with similar power may degrade UE performance, unless they reach the UE within some time frame. 
Observation 1: In SFN channel, when a UE receives different taps with similar power and large relative delay, the UE performance may be downgraded.
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Figure 1: static experiment result.
3 Impact of SFN Channel: Dymamic Experiment Results
The HST scenario with RoF deployment can be illustrated as in Figure 2. The signal from eNB (B) is propagated via optical fiber to RAUs (R1 and R2). The UE on the HST (M) can receive signal from the two closest RAUs. The received signal power from different RAU is mainly determined by the distance from the UE to the RAU (d and D-d in Figure 2). As for relative delay, in addition to the distance from the UE to the RAUs, the signal propagation time is also affected by the fiber length from the eNB to RAUs (L1 and L2). The length of L1 and L2, if not made equal on purpose, is deployment depend. The deployment parameters include the location of eNB and the decision on how much redundant fiber is saved for future use. In a synchronised SFN, signal is transmitted from different antenna location simultaneously, so the signal from RAU with larger distance has longer delay and weeker received power. However, in HST RoF scenario, due to the deployment-dependent fiber length, it is possible for a weaker path to arrive before stronger path, and it may further impact the UE performance.
An experiment is conducted to verify the impact of HST RoF scenario to UE throughput. An UE is moving between two RAUs connecting eNB with different fiber length. The experiment parameters are listed in Table 1, and the dynamic channel propagation is generated by a channel emulator to emulate the UE moving from R1 to R2. The throughput of UE is illustrated in Figure 3. In case I, L1 is less than L2, and it can be observed that when the MS is in the middle of the two RAUs, the signal power from the RAUs are almost identical, and the relative delay is totally determined by the difference between L1 and L2. When the difference in fiber length happens to be large enough without noticed beforehand, the throughput could be dropped to zero. In case II, L1 is set to be larger than L2. At first, the signal from R2 is too weak to have impact. When the UE moves toward R2 and away from R1, the tap from R2 emerges which is still weaker than R1‘s tap yet arrives before R1’s tap, and it becomes more challenging for the UE. Eventually the UE totally fails to decode the signal traveling through this special two-tap SFN channel.
Observation 2: the deployment-dependent fiber length may result in extra delay spread and/or weak-path-arive-first phenomenon, and it may further downgrade UE performance.
Proposal 1: the design of fast-moving UE in HST RoF scenario should take all kinds of relative power and relative delay combinations into account. 
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Figure 2: HST scenario with RoF deployment
Table 1: Emulation parameters

	Parameter
	Value

	RAU distance
	1,000 m

	Path loss coefficient
	3.5

	MS speed
	120 km/hr

	MCS
	QPSK-3/4

	Fiber propagation speed
	2*108 m/s

	OFDM subcarrier spacing
	10.9375 kHz

	OFDM symbol duration
	102.9 [image: image4.png]




	Guard interval
	11.4 [image: image6.png]




	Shorter fiber length 
(Case I: L1; Case II: L2)
	2,000 m 

	Longer fiber length
(Case I: L2; Case II: L1)
	4,000 m
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Figure 3: UE throughput in Case I (L1 < L2) and Case II (L1 > L2)
4 Conclusions 
In this contribution we provide the static experiment and dynamic emulation results for the two-tap SFN channel in high speed train RoF scenario, and have the following observation and proposal.

Observation 1: In SFN channel, when a UE receives different taps with similar power and large relative delay, the UE performance may be downgraded.
Observation 2: the deployment-dependent fiber length may result in extra delay spread and/or weak-path-arive-first phenomenon, and it may further downgrade UE performance.
Proposal 1: the design of fast-moving UE in HST RoF scenario should take as many relative power and relative delay combinations into account as possible.
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