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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In order to meet recent deployments of 4G radio access networks along high speed train (HST) lines it has been identified that a new model to be used for performance and conformance tests is needed. The addressed deployment comprises a network where each eNodeB manages multiple RRHs, RRUs and/or RAUs that all share the same PCI, and in some cases the same PCI is shared between RRHs, RRUs and/or RAUs under different eNodeBs, reducing the need for handover procedures to be executed by the UE – a common cause for RLF in HST scenarios. 
[bookmark: _GoBack]UE-terminated transmissions may be carried out simultaneously in the whole supercell, or only from the RRHs etc in the proximity of the UE; in either case the UE will receive the signal from one set of transmitters to which it is travelling towards, and another set to which it is travelling away from. Since the UE is travelling at high speed (currently targeting 350km/h in the 2.7GHz band) it will experience significant Doppler shifts of the received signals. Since the signals are received from different directions the signal towards which the UE is travelling towards will display a positive frequency shift, whereas the signal the UE is travelling away from will display a negative Doppler shift. Besides Doppler shifts the frame timing of the two versions of the same signal will display jittering frame timings with opposite signs, and when midways between two antenna sites, the UE, with demodulation frequency tuned to one of the two signals, will experience considerable intra-cell inter-site interference, which in the extreme could lead to an SIR of 0dB.
One further complication is that the UE is tracking the strongest path, and somewhere midways between two antenna sites the strongest path will change from the one with negative Doppler shift to the one with positive Doppler shift. The legacy HST model does not take into account that cell timing changes, intra-cell inter-site interference, or effects cause by path loss.
In this contribution we are iterating our earlier contribution [1] based on feedback from offline discussions following upon RAN4#74bis. 
Scenario and Propagation Model
The model is derived to capture the challenges for a UE travelling at high speed in a cell comprising multiple RRHs/RRUs/RAUs. More particularly the challenges are:
· Switching between tracking of positive and negative Doppler shift component, depending on which path is the strongest.
· Switching of which component is strongest midways between the RRHs/RRUs/RAUs.
· Intra-cell inter-site interference causing the SIR to drop midways between the sites where the sets of paths are received at equal strengths, and where the relative frequency offset between the two sets of paths is, causing leakage in the FFT processing of the received samples.
· Cell timing drift with opposite signs for the two sets of paths, where the perceived radio channel changes with the relative cell timing drift.
· Jittering of the UE timing caused by that UE implementations are tuning in to the strongest path, and where the strongest path is alternating between positive and negative Doppler shifts and gradually shifting between a minimum and a maximum cell timing.
At RAN4#74bis several companies provided proposals on a new two-tap HST model for SFN networks – see WF [2] for a summary – all aiming at capturing the challenges above, and with only minor differences regarding the assumed path-loss model, representation of the cell timing jitter that will be experienced by the UE.
From the offline discussions there seems to be a preference in using a path-loss model that accurately represents the path loss experienced in free space propagation. For line-of-sight one can therefore use Friis’ propagation formula which states that the path-loss shall be proportional to , where r is the distance between the transmitter and the receiver. We have updated our new HST model accordingly.
Proposal 1: Path-loss shall be modelled as propagation in free space with attenuation  where r is the radio propagation distance between the UE and the network node for line-of-sight. 
Another item that has been discussed, and where the input differs between operators, is which elevation shall be assumed between the RRHs and the UE (or a relay) on-board the train. Our view here is that it is the Euclidean distance between the transmitter and the receiver that matters both for the path-loss and the Doppler shiftsand hence we propose that the parameter Dmin is redefined from: minimum distance between sites and track  to: minimum radio propagation distance between UE and network node. Hence Dmin shall represent both horizontal and vertical differences in position between UE and network node.
Proposal 2: Dmin shall be redefined (or replaced) to express the Euclidean distance between the UE and the network node, i.e. shall take both horizontal and vertical differences in position into account.
For the parameter values there have also been diverse inputs, with several proposals on inter-site distance Ds between the RRHs, and the minimum distance between tracks and the site. With RRHs far away from the tracks the transition from positive to negative Doppler shift will be smoother than if the RRHs are close to the track, and hence will put less stress on the AFC functionality in the UE. Moreover the dynamics in the power levels will be smaller (less relative change), hence putting less stress on the AGC functionality. As we are aware of deployments where cellular network operators are confined to use the railway operators’ infrastructure and land, whereby the sites are close to the tracks, we think it is important to secure the UE performance when sites are close to the tracks.
The inter-site distance has less impact on the scenario, except for the rate of the Doppler shift transitions between positive and negative shift and hence the rate of potential RLFs cause e.g. by insufficient performance of the AFC functionality. As has been pointed out in the offline discussions, having a large inter-site distance also leads to that performance testing takes long time, and therefore we propose to use parameter values in the shorter end for both Ds and Dmin, e.g. 1000 and 10m, respectively.
Proposal 3: For testing purpose, Ds = 1000m and Dmin = 10m shall be used, thereby securing sufficient performance of the UE’s AFC implementation for networks under deployment.

[bookmark: _Ref419730018]Table 1: Parameters and parameter values for new HST model
	Parameter
	Value
	Interpretation

	

	1000
	Inter-site distance [m]

	

	10
	Minimum radio propagation distance between UE and network node [m]

	

	97.2 (350km/h)
	UE velocity [m/s]

	

	875
	Maximum Doppler shift [Hz]





[bookmark: _Ref419729960]Figure 1: Doppler shift, path loss and cell timing for each of the two paths (Ds=1000m, Dmin =10m, UE speed 350km/h, carrier frequency 2.7GHz).

The impact of the proposed model on Doppler shift, path-loss and cell timing is illustrated in Figure 1 for the parameter values in Table 1. The UE does however follow the strongest component, hence from UE perspective, the experienced dynamics is as illustrated in Figure 2. Notably, there is a very abrupt jump in Doppler shift midways between the RRHs when the UE is shifting from one beam to another. For the current parameter values (Table 1) the UE is to adjust it carrier frequency by 1750Hz which is close to the theoretical capture range of 2 kHz for the AFC estimator when frequency offset estimation is based on CRSs.



[bookmark: _Ref419731774]Figure 2: UE perspective on the new HST model (Ds=1000m, Dmin =10m, UE speed 350km/h, carrier frequency 2.7GHz). 

The components that determines the instantaneous frequency shifts are modelled by
,
,
the path-loss is modelled by
 ,
,
and the time-shift of the signals received from each respective RRH is modelled by 
, and
.
Proposal 4: The Doppler shift, the path-loss and the timing jitter of the two-tap dynamic model shall be modelled by  and ,  and , and  and , respectively, as described in this document. 
Conclusions
We have provided a modified version of the dynamic HST model presented in [1], where the modification concerns modelling path-loss using Friis’ formula for propagation in free space. Characteristics with respect to Doppler shift, path-loss and cell timing as function of time and speed have been presented. Moreover we have provided our view on suitable parameter values for securing sufficient UE performance w.r.t. AFC functionality in networks that are being deployed. 
The following proposals summarize our view:
Proposal 1: Path-loss shall be modelled as propagation in free space with attenuation  where r is the radio propagation distance between the UE and the network node for line-of-sight.
Proposal 2: Dmin shall be redefined (or replaced) to express the Euclidean distance between the UE and the network node, i.e. shall take both horizontal and vertical differences in position into account.
Proposal 3: For testing purpose, Ds = 1000m and Dmin = 10m shall be used, thereby securing sufficient performance of the UE’s AFC implementation for networks under deployment.
Proposal 4: The Doppler shift, the path-loss and the timing jitter of the two-tap dynamic model shall be modelled by  and ,  and , and  and , respectively, as described in this document. 
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