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1 Introduction
In RAN4 #75 meeting, the SFN channel model had been defined [1][2]. In this paper, we further discuss the SFN channel model, and provide our proposals.
2 Discussion
For the consensus in [1], the SFN channel model is a two-tap channel model where the two taps have independent time-variant parameters of Doppler shifts, relative power and time delay.
 The agreed relative power of taps in the SFN channel model is as follows [1] :
“Signal power received by the UE for each path is given by,

[image: image1.wmf](

)

(

)

2

min

22

min

1

1

,02

()

  mod (2),2

s

s

ss

D

tDv

DvtD

pt

ptDvtDv

ì

<£

ï

-+

=

í

ï

>

î

                      (6.2.3.1-5)

[image: image2.wmf](

)

(

)

21

s

ptptDv

=+

                                    (6.2.3.1-6)
Note that 
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 are normalized to the received power from the nearest RRH provided the distance between RRH and UE is 
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It can be seen that the received power of each path of SFN channel model is normalized to the received power from the nearest RRH provided the distance between RRH and UE is
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. With this definition, the geometry of UE is varying over time. For a given noise level and a given signal power in the transmitter side, the SNR in the receiver side is varying according to the relative location of UE to two RRHs after going through the SFN model, because impact of propagation path loss is involved in due to current power normalized method. 
However in TS36.101, the propagation path loss has not been taken into consideration for the modelling of Power Delay Profiles for the legacy multi-path fading propagation conditions (i.e. EPA, ETU and EVA). The geometry of UE is reflected by the received SNR in UE side. 

As specified in TS 36.101, for the existing performance requirements of UE(s) that utilize a dual-antenna receiver, the SNR is defined as follows：
For all test cases, the SNR is defined as


[image: image7.wmf])

2

(

)

1

(

)

2

(

)

1

(

ˆ

ˆ

oc

oc

s

s

N

N

E

E

SNR

+

+

=


where the superscript indicates the receiver antenna connector. The above SNR definition assumes that the REs are not precoded. The SNR definition does not account for any gain which can be associated to the precoding operation. The relative power of physical channels transmitted is defined in Table C.3.2-1. The SNR requirement applies for the UE categories and CA capabilities given for each test. 
With this definition, for the legacy propagation conditions, we can evaluate UE’s demodulation performance under all the possible geometries with variable SNR, and specify the performance requirements for a fixed SNR which is related to certain UE geometry. 

If we stick on the definition of SFN channel model in [1], UE’s performance for a fixed SNR which is related to certain UE geometry is inaccessible, new methodology for performance tests and new metric for performance requirement under SFN channel model are needed. Furthermore, it may result in potential challenge in implementation of test equipment for such channel model.
Observation 1: New methodology for UE’s performance tests and new metric for performance requirement for SFN propagation channels are needed with the definition of SNR channel model in [1]. 
Furthermore, our understanding is that the primary test purpose of UE demodulation tests for SFN channel model is to test UE’s capability of frequency tracking and channel estimation regarding two taps. However, with our simulation, it is found that the impact of amplitude variance is much larger than the frequency shifting under the defined SFN channel model in [1] for UE demodulation performance. 
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Figure 1 Received power of SFN channel model under definition in [1], Ds=1000m, Dmin = 10m
Figure 1 shows the received power of UE with the definition of SFN in [1]. It can be seen that the received power of UE is 0dB when UE is nearest to the one RRH( i.e. the distance between RRH and UE is Dmin), the ratio of the period that total received power lower than -25dB is more than 60%, and the ratio of the period that total received power lower than -30dB is about 25%. If we use this channel model for the performance requirement, the performance of UE is dominated by the period that the total received power is low. UE’s capability of frequency tracking and channel estimation during the period that the received power of the two taps is not close enough can’t be verified as UE could pass the performance requirement only in high SNR level. This implies that for the SFN channel model defined in [1], UE’s capability of frequency tracking and channel estimation only can be tested for a small geometry range, UE’s capability of frequency tracking and channel estimation for a large geometry range can’t be fully tested. 
If the power of each path in the SFN channel model is normalized to the instantaneous total received power, UE’s capability of frequency tracking and channel estimation for all geometries can be tested. Therefore, we can normalize the power of each path in the SFN channel model with respect to the instantaneous total received power to ensure the channel model is suitable for testing UE’s capability of frequency tracking and channel estimation. Besides, if the power of each path in the SFN channel model is normalized with respect to the instantaneous total received power, UE’s performance under certain SNR in the receiver side is accessible, current performance test methodology for TS36.101 can be reused.
Based on the discussions above, we propose that:
Proposal 1: Normalize the received power of each path in the SFN channel model to the instantaneous total received power.
Proposal 2: The tap power of the SFN channel model in [1] is modified to be:
· Tap power
The power of tap 1 is
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The power of tap 2 is 
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3 Conclusion
In this contribution, we further discuss the SFN channel model. Based on the discussion, we propose that:
Proposal 1: Normalize the received power of each path in the SFN channel model to the instantaneous total received power.
Proposal 2: The tap power of the SFN channel model in [1] is modified to be:
· Tap power
The power of tap 1 is
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The power of tap 2 is 
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If our proposals are accepted by the group, corresponding TP provided in annex could also be captured in TR36.878.
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5 Annex
Text proposal

-----------------------------------------------------------Start of TP---------------------------------------------------------
6
RRM and demodulation requirements enhancements under identified high speed scenarios

6.1
General
<Text will be added.>
6.2
Identified Scenarios

<Text will be added.>
6.2.3
Possible new channel models

6.2.3.1 SFN scenario (RRH sharing the same cell id)
Doppler shift, tap delay and relative power of SFN channel model are time-variable. 2-tap channel is as baseline.
· Doppler Shift
RRHs are deployed along the railway in sequential order. Path 1 denotes the path from even RRH and path 2 denotes the path from odd RRH. Doppler shifts of two paths are given by:
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Where 
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in which 
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 is the maximum Doppler frequency. The cosine of angle 
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 where 
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 is the distance between two neighbour RRH; 
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 is RRH Railway track distance in meters; 
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 is the velocity of the train in m/s; 
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 is time in seconds.

Doppler shift and cosine angle are given by equation 6.2.3.1-1, 6.2.3.1-2, 6.2.3.1-3 and 6.2.3.1-4, where the required parameters are listed in table 6.2.3.1-1 and table 6.2.3.1-2, according to which the resulting Doppler shift is shown in Figure 6.2.3.1-1 and Figure 6.2.3.1-2, respectively.

Table 6.2.3.1-1: Parameters for SFN scenarios
	 Parameter
	Value
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Table 6.2.3.1-2: Parameters for SFN scenarios
	 Parameter
	Value
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Figure 6.2.3.1-1 Doppler shift trajectory for SFN scenario for Table 6.2.3.1-1
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Figure 6.2.3.1-2 Doppler shift trajectory for SFN scenario for Table 6.2.3.1-2
· Relative power

Signal power received by the UE for each path is given by,
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Note that 
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instantaneous total received power.
· Tap delay
Time delay of two taps are given by
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-----------------------------------------------------------End of TP---------------------------------------------------------
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