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1 Introduction

This contribution contains a text proposal for TR 36.878 [1] on inclusion of the Unidirectional RRH arrangement for high-speed train single frequency network scenarios. 
The text proposal follows in the section below. 
2 Text Proposal for 36.878
< Added section below >

6.4.3.3 Unidirectional SFN scenario
The Unidirectional SFN scenario is based on a network deployment where directional antennas are used and where it therefore can be controlled at which point a UE leaves one beam and enters the next. The intention is to provide a stable downlink carrier frequency as experienced by the UE when travelling at high speed. This can be achieved by arranging the RRHs in such manner that the strongest signal received by the UE has a nearly constant Doppler shift without sign-alternation. A stable downlink frequency as experienced by the UE leads to that uplink transmissions from the same UE are received by the RRHs with a nearly constant frequency offset. Additionally, all UEs travelling onboard the same train share the same Doppler and frequency offset characteristics. 

The Unidirectional SFN scenario is intended to serve both existing HST requirements (support of UE speeds up to 350km/h) and future potential requirements (support of UE speeds higher than 350km/h; evaluation carried out at 500 and 750km/h). :

· 

Downlink channel model, simulation assumptions and simulation results are provided in the subsections below. Uplink characteristics are described in Section 6.5.3.2. Information on possible solution for mobility between SFN cell groups is provided in Appendix.
6.4.3.3.1 Unidirectional SFN scenario (RRHs sharing the same cell id, beams aligned in same direction)

In this section the channel model for the Unidirectional RRH arrangement for SFN is described in terms of time-variable Doppler shifts, tap delays and relative received power levels. The channel model is based on a 3-tap propagation model, see Figure 6.4.3.3.1-1. For this model, DLTX and ULRX beams, respectively, are aligned in the same direction along the high-speed train track, and for the baseline configuration the DLTX and ULRX beams are oriented in the same direction along the track. 

· 
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Figure 6. 4.3.3.1-1: Unidirectional SFN scenario in baseline configuration, using a 3-tap channel.
For good performance it is essential that side-lobes directed towards the track are received at lower power than the signal from the main-lobe. Hence the antenna characteristics and particularly the antenna radiation pattern is of importance, and is a limiting factor for which geometries with respect to inter-site distance DS and minimum track-to-RRH distance Dmin , that can be supported. For the evaluation of the Unidirectional SFN scenario an exemplary antenna with FBR and FSR of somewhat more than 30dB has been selected, although antennas with lower FBR and/or FSR can be used provided that DS and Dmin are chosen accordingly. The antenna radiation pattern of the exemplary antenna is shown in Figure 6.x.y.z-2 and described further below.
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Figure 6.4.3.3.1-2: Assumed antenna radiation pattern for RRH DL TX and UL RX antennas in Unidirectional SFN scenario.
The principle of Unidirectional SFN is further illustrated in Figures 6.4.3.3.1-3 and 6.4.3.3.1-4. Figure 6. 4.3.3.1-3 shows coverage of the antenna models for RRHs positioned along a track. Figure 6. 4.3.3.1-4 zooms in on the area where coverage overlaps for adjacent RRHs, and it therefore is important to avoid that the UE receives side-lobes from one RRH at higher power level than it receives the main-lobe from another RRH.     
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Figure 6.4.3.3.1-3: Illustration of coverage provided by consecutive RRHs in a unidirectional SFN scenario.
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Figure 6.4.3.3.1-4: Illustration of coverage overlap of adjacent RRHs. Geometries needs to be selected in such manner that the UE receives side-lobes at lower power level than it receives the main-lobe.
The signal received by the UE for path i can be modelled as follows,
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(6.4.3.3.1-1)
where 
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(6.4.3.3.1-2)
where [image: image10.png]


 is a semi-static channel phase,  [image: image12.png]p; (£)



 is the combined effect of beam shape and path-loss, [image: image14.png]


 is the nominal carrier frequency, [image: image16.png]fi(t)



 is the instantaneous Doppler shift, [image: image18.png]d;(t)



 is the propagation delay, [image: image20.png]n; () - A



 is a deliberately introduced transmission time delay to compensate for the propagation time between two RRHs, [image: image22.png]


 is the speed of the UE, and where [image: image24.png]sp(t)



 is the baseband signal transmitted in the SFN cell. The transmission delay Δ compensates for the propagation delay difference between RRH i-1 and RRH i at the point in time when the UE is as closest to RRH i, and is defined as
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(6.4.3.3.1-3)

where c is the speed of light. The other parameters are described further below.
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Figure 6.4.3.3.1-5: Definition of angles for evaluation of antenna gain for path i.

In the following description the angles [image: image29.png]8;(t) € [0,x]



  and γ are defined as illustrated in Figure 6.4.3.3.1-5. The parameter [image: image31.png]


 is the angle between the UE position on the track and the ith RRH. The parameter γ is the orientation of the RRH main lobes towards the track. 
· Doppler shift
The RRHs are lined up along the railway track at equal distances to the track and identical inter-site distances. Path 0 denotes the path from the previously passed RRH, path 1 the path from the just recently passed RRH, path 2 the path from the closest approaching RRH; see Figure 6.4.3.3.1-1.

Doppler shifts for the paths i=0..2 are given by
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(6.4.3.3.1-4)
in which 
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 is the maximum Doppler frequency. The cosine angles [image: image36.png]g; (t)



 are given by
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(6.4.3.3.1-5)
where Ds is the inter-site distance in meters between two RRHs; Dmin is the shortest distance in meters between the RRH and the railway track; v is the velocity of the train in m/s; and t is the time in seconds. Doppler shifts and cosine angles are given by equations 6.4.3.3.1-4 and 6.4.3.3.1-5, where the required parameters are listed in Tables 6.4.3.3.1-1, 6.4.3.3.1-2, 6.4.3.3.1-3, 6.4.3.3.1-4, 6.4.3.3.1-5 and 6.4.3.3.1-6, respectively. The resulting normalized Doppler shift trajectory for each of the paths is shown in Figure 6.4.3.3.1-6.
Table 6.4.3.3.1-1: Parameters for Unidirectional SFN scenarios 350km/h
	 Parameter
	Value

	Ds
	1000 m

	Dmin
	30 m

	v
	350 km/h

	fd
	875 Hz

	γ
	5º


Table 6.4.3.3.1-2: Parameters for Unidirectional SFN scenarios 350km/h
	 Parameter
	Value

	Ds
	500 m

	Dmin
	15 m

	v
	350 km/h

	fd
	875 Hz

	γ
	5º


Table 6.4.3.3.1-3: Parameters for Unidirectional SFN scenarios 500km/h
	 Parameter
	Value

	Ds
	1000 m

	Dmin
	30 m

	v
	500 km/h

	fd
	1250 Hz

	γ
	5º


Table 6.4.3.3.1-4: Parameters for Unidirectional SFN scenarios 500km/h
	 Parameter
	Value

	Ds
	500 m

	Dmin
	15 m

	v
	500 km/h

	fd
	1250 Hz

	γ
	5º


Table 6.4.3.3.1-5: Parameters for Unidirectional SFN scenarios 750km/h
	 Parameter
	Value

	Ds
	1000 m

	Dmin
	30 m

	v
	750 km/h

	fd
	1875 Hz

	γ
	5º


Table 6.4.3.3.1-6: Parameters for Unidirectional SFN scenarios 750km/h
	 Parameter
	Value

	Ds
	500 m

	Dmin
	15 m

	v
	750 km/h

	fd
	1875 Hz

	γ
	5º
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Figure 6.4.3.3.1-6: Normalized Doppler shift trajectory for Unidirectional SFN scenarios in Tables 6.4.3.3.1-2, 6.4.3.3.1-4 and 6.4.3.3.1-6.
· Relative power
The signal power received by the UE from each respective path is given by
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(6.4.3.3.1-6)
where G([image: image43.png]


) is a function describing the RRH beam characteristics (amplitude and phase) for path i at angle [image: image45.png]


 relative to the main lobe normal.
For the purpose of evaluation, the beam is modelled as a linear array with beam shaping weights provided in Table 6.4.3.3.1-7, by which G(•) is modelled by a FIR filter. See Figure 6.4.3.3.1-2 for a sketch of [image: image47.png]1G6(e)1%



. The antenna radiation pattern at angle φ is calculated as
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(6.4.3.3.1-7)
The resulting relative signal power for each of the paths is shown in Figure 6.4.3.3.1-7.
Table 6.4.3.3.1-7: Coefficients for modelling beam shape characteristics
	Array weight [image: image51.png]



	Coefficient [image: image53.png]a





	0
	0.019194052903732 

	1
	0.033761601544153

	2
	0.056016046672771

	3
	0.080084528366365

	4
	0.101814080796633

	5
	0.116978896579721

	6
	0.123420002605498

	7
	0.116978896579721

	8
	0.101814080796633

	9
	0.080084528366365

	10
	0.056016046672771

	11
	0.033761601544153

	12
	0.019194052903732

	Note1: The beam shape is modelled as an Equiripple filter with 0.1π wide passband with 0dB gain, 0.2π wide transition bands, and 1.5π wide stopband with 30dB attenuation. Passband and stopband penalties are weighed 1:10.

Note2: The assumed beam shape does not mandate a particular design of RRH antennas; it is selected merely for evaluation of the scenario.
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Figure 6.4.3.3.1-7: Relative signal power per path taking into account path loss and beam shape. The curves are applicable for Unidirectional SFN scenarios in Tables 6.4.3.3.1-2, 6.4.3.3.1-4 and 6.4.3.3.1-6. 
· Tap delay
The time delay of each path is given by
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(6.4.3.3.1-8)
where c is the speed of light. The path delay is illustrated in Figure 6.4.3.3.1-8, and the delay of received information when introducing a transmission delay of Δ between successive RRHs is shown in Figure 6.4.3.3.1-9.
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Figure 6.4.3.3.1-8: Radio propagation delay for Unidirectional SFN scenarios in Tables 6.4.3.3.1-2, 6.4.3.3.1-4 and 6.4.3.3.1-6. 

[image: image58.emf]time

0 D

S

/v 2D

S

/v 3D

S

/v

P

r

o

p

a

g

a

t

i

o

n

 

d

e

l

a

y

 

[

S

e

c

]

0

1

2

3

4

5

6

7

d

0

(t)+n

0

(t)

d

1

(t)+n

1

(t)

d

2

(t)+n

2

(t)


Figure 6.4.3.3.1-9: Signal propagation delay for Unidirectional SFN scenarios in Tables 6.4.3.3.1-2, 6.4.3.3.1-4 and 6.4.3.3.1-6 when accounting for relative delay Δ in transmission timing between successive RRHs. 
· Tap phase

The phase [image: image60.png]


 of each path is randomized uniformly within [0,2π] at t=0. Then when passing a RRH path 0 inherits the phase from path 1, path 1 inherits the phase from path 2, and a new phase is randomized for path 2. This scheme is used in order to keep the same channel phase for each respective beam when the UE is passing an RRH.
< End of added section >
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