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1 Introduction
In RAN4 meeting #74bis, a way forward on the high speed scenarios was agreed [1]. In the way forward [1], it was agreed that there are 3 new channel models need to be researched:
· 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
For these identified high speed scenarios, a way forward on the channel model was agreed [2]. It was agreed in the way forward that for the SFN channel model:

· Two-tap dynamic channels
· There are two taps with independent time-variant parameters of
· Doppler shifts;
· Relative power;
· Timing difference between two taps;
· The examples are given in the following contributions: R4-151587, R4-151746, R 4-151881

· Encourage companies to have more study to reach an agreement on the SFN model based on the parameters in the agreed scenarios before the next RAN4 meeting on the equations
In this contribution, we will further discuss the channel model for the SFN scenarios.
2 Channel model for SFN scenarios
In RAN4 meeting #74bis, two-tap dynamic channel model for the SFN scenarios were proposed by several contributions [3]-[5]. The Doppler shift, power and path delay of the channel model in [3] and [4] are based on the assumption that the two taps are transmission in free space without fading. However, there are some differences between the two channel models. In this section, we will further discuss the three time-variant parameters on the two tap SFN channel model.
Without loss of generality, we assume that 
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 is the velocity of the train in m/s, 
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 is the velocity of light in m/s, 
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 is time in seconds. 
Tap power
Assuming the two taps are transmission in free space, the received power of each tap will dynamically changes with time. It is reasonable to assume that the transmit power from RRHs are the same. To keep consistency of SNR definition, for the UE demodulation performance test, the average gain introduced by this channel model should be normalized, or it would be difficult to have an SNR reference position for this SFN scenario. There are following options can be considered:
Option 1: Normalize the received power of each tap with respect to the average total received power.

Option 2: Normalize the received power of each tap with respect to the instantaneous total received power.

Option 3: Using relative power with respect to the received power of a certain reference point. E.g. taking the point in the railway which is closest to a RRH as reference point as in [3].
Option 2 is actually aligned with traditional model such as HST and EVA etc, in which power fluctuation due to large scale loss changes. However, with option 2, the total received power is not changed with the time, the AGC capability of UE can’t be tested. With option 1, the total received power is dynamically changes while the averaged SNR in the receiver is fixed. This option is benefit for testing the AGC capability of UE.
Although only a fixed bias existed compared to option 1, the main drawback of option 3 is that the SNR of option 3 is not consistent with current SNR definition. 
Proposal 1: The following options can be considered for tap power:

· Option 1: Normalize the received power of each tap with respect to the average total received power.

· Option 2: Normalize the received power of each tap with respect to the instantaneous total received power.

· Option 3: Using relative power with respect to the received power of a certain reference point.
Tap delay

For the model of the tap delay, there are two options can be considered:
Option1: Each tap has a varying relative time delay with respect to a reference timing point. For example, the reference timing point can be the time when UE is 
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 away from RRH [3].

Option2: Fixing the first received tap with time delay of 0, the other tap has a dynamic time delay with respective to the first received tap [4].

For option1, as the time delay of the first path is not fixed, it is helpful for testing the time tracking capability of UE. However, in the real network, UE is performs time tracking in each subframe, so the time delay of the first tap that UE should be justified is always smaller than option1. Besides, for the model of option1, if the distance between the two RRH is larger than 1.5km, when UE is moving to the centre of a RRH, the largest time delay of the two received tap may exceed the CP, which may cause interference among adjacent symbols. When the distance between the two RRH is large, the interferer from the second tap can’t be ignored. Moreover, the timing performance of UE can be tested in the RRM requirements, which may not necessary to be tested in the demodulation tests. 

For option2, the time delay of the first received tap is fixed to be 0. i.e. it is assumed that UE can be always synchronise with the first received tap. Although this option may not be able to test the time tracking performance of UE, for the same largest time delay of the two received taps, the power difference of the two taps is larger compared to option1.
Proposal 2: The following options can be considered for the model of time delay:
· Option 1: Each tap has a varying relative time delay with respect to a reference timing point. 

· Option 2: Fixing the first received tap with time delay of 0, the other tap has a dynamic time delay with respect to the first received tap.

Definition of taps
Different definitions of taps will introduce different expressions of tap delay, tap power and Doppler shift. There are two options for the definition of taps:
Option 1: Define the taps with respect to their arriving time. For example, define the first received tap to be tap 1, the other tap to be tap 2 [4].

Option 2: Define the taps with respect to the serving RRH. For example, Separate the RRHs connected to the same BBU to two groups, the RRHs in the same group is not adjacent to each other. The paths coming from RRHs in the same group are seen as one tap, the paths coming from the other RRHs are seen as the other tap. As shown in Figure 1, the paths coming from blue RRHs is defined as tap1, and the paths coming from green RRHs is defined as tap 2[3].
Both two options will introduce instantaneous change on the Doppler shifts. The instantaneous change may not be able to be implemented in testing. For option 2, as the Doppler shifts of both taps are shifting from the maximum Doppler shift to the minimum Doppler shift, so the sudden change of Doppler shift can be eliminated by made a mirror image in the point that Doppler shift is equal to zero. For option 1, the Doppler shift of the tap with weaker power will never equal to zero, so the instantaneous shift on the Doppler shifts can’t be eliminated. If instantaneous change was considered to be impossible to be implemented, then option 1 can’t be used.
Proposal 3: There are two options can be considered for the definition of taps:

· Option 1: Define the taps with respect to their arriving time. For example, define the first received tap to be tap 1, the other tap to be tap 2 [4].

· Option 2: Define the taps with respect to the serving RRH.
Doppler shifts

As the relative position of UE and the two RRHs is time varying, the Doppler shifts of the two taps should be time varying. The expression for the Doppler shifts is related to the definition of the two taps. If define the taps with respective to their arriving time, the Doppler shifts expressed in [4] can be used. If define the taps with respect to the serving RRH, the Doppler shifts will be provided in the following texts.
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Figure 1. SFN channel model with wrap around[3]
Based on the discussions above, we propose that:

The SFN channel model is a two-tap dynamic channel.

If the two taps are defined based on the serving RRH. As shown in Fig. 1, we assume the path coming from blue RRH is tap1 and the path coming from green RRH is tap 2, 
[image: image9.wmf]0

t

=

 when UE is next to RRH1. The tap time delay, tap power and tap Doppler shifts of the two taps are given as following:

Tap Power:

Let 
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where 
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is the average total received power, 
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Figure 2
 shows the corresponding curves of
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Tap delay:
Let 
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be the time delay of tap1 and tap 2 respectively, the following options can be considered.

Option 1: Each tap has a varying relative time delay with respect to a reference timing point. For example, the reference timing point can be the time when UE is 
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 away from RRH.Then
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Option 2: Fixing the first received tap with time delay of 0, the other tap has a dynamic time delay with respect to the first tap.
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Figure 3 and Figure 4 show the corresponding curves of 
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of option 1 and option 2 respectively.
Doppler shifts:

Let 
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 be the Doppler shifts of tap1 and tap 2 respectively, the maximum Doppler frequency can be given by 
[image: image31.wmf]d

f

fv

c

=´

 where 
[image: image32.wmf]f

is carrier frequency. Then
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where 
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Note that the Doppler shifts of the two taps made a mirror in 
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 to eliminate the instantaneous change on the Doppler shifts. Moreover, although we use the same taps definition as in [3], the expression of Doppler shifts of the two taps in this paper is different to that in [3]. In [3], the Doppler shifts of the two taps is always have the same absolute value, which means the two taps will always have the same power, which is not alignment with the real implementation.
Figure 5 shows the corresponding curves of 
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 based on the above equations.
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Figure 2 
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Figure 3 time delay for two taps SFN channel model (option 1)
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Figure 4 time delay for two taps SFN channel model (option 2)
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Figure 5 Doppler shifts for two taps SFN channel model
If the two taps are defined based on their arriving time, the Doppler shifts for the SFN channel model provided in [4] can be adopt.
Proposal 4: If the two taps are defined based on the serving RRH, adopt the two taps dynamic channel model described by Eq.(1) to Eq.(10) ; If the two taps are defined based on their arriving time, the Doppler shifts provided in [4] can be adopt.
3 Conclusions
In this contribution, we analysis the parameters for the two tap SFN channel model. Based on the analysis, we have following proposals:
Proposal 1: The following options can be considered for tap power:

· Option 1: Normalize the received power of each tap with respect to the average total received power.

· Option 2: Normalize the received power of each tap with respect to the instantaneous total received power.

· Option 3: Using relative power with respect to the received power of a certain reference point.
Proposal 2: The following options can be considered for the model of time delay:

· Option 1: Each tap has a varying relative time delay with respect to a reference timing point. 

· Option 2: Fixing the first received tap with time delay of 0, the other tap has a dynamic time delay with respect to the first received tap.

Proposal 3: There are two options can be considered for the definition of taps:

· Option 1: Define the taps with respect to their arriving time. For example, define the first received tap to be tap 1, the other tap to be tap 2 [4].

· Option 2: Define the taps with respect to the serving RRH.
Proposal 4: If the two taps are defined based on the serving RRH, adopt the two taps dynamic channel model described by Eq.(1) to Eq.(10) ; If the two taps are defined based on their arriving time, the Doppler shifts provided in [4] can be adopt.
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� Figure 4 to Figure 8 take the parameters of � EMBED Equation.DSMT4  ���=1500m, � EMBED Equation.DSMT4  ���= 100m, � EMBED Equation.DSMT4  ���=15m, � EMBED Equation.DSMT4  ���=350km/h, The values of parameters require further study.
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