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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. 
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 2GHz 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 propose an HST model for the new deployment scenarios, and provide some initial simulation results.
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.
· [bookmark: _GoBack]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.
It shall be noted that the model is somewhat simplified and as such it is not a physical model. Instead a more pragmatic approach has been chosen were the model challenges for the UE but at somewhat lower complexity than needed by a true physical model. Take the path loss, for instance. According to Friis’ propagation formula for free space (line-of-sight) the path-loss shall be proportional to , meaning that for Ds=300ms one will get a path-loss of 43.5dB midways between sites. At the same time, when Dmin=2 and the UE is at minimal distance to the transmitter, the UE is in the zone where Friis’ formula is inadequate for particular bands. The wide dynamic range is challenging particularly in simulations where it may lead to loss of precision when deriving particular parameter values, and additionally makes it cumbersome to define the operating point with respect to SINR. Hence Friis’ propagation formula has not been used in the model; instead a simpler and numerically more robust path-loss model based on trigonometric functions is used.
[image: ]
[bookmark: _Ref416517128]Figure 1: New HST propagation model. (a) and (b): UE position at two instants of time. (c): modelled path-loss (n=1/2). (d): modelled cell timing jitter. (e): modelled Doppler shifts. The encircled numbers indicates where the antenna phases are to be randomized to model that the UE will be approaching a new RRH.
The proposed model is illustrated in Figure 1, where path-loss, cell timing jitter and Doppler shifts are illustrated for a UE travelling along a track where 3 RRHs/RRUs/RAUs are passed. The parameters are the same as for the legacy HST model [1], and are summarized in Table 1.
   
[bookmark: _Ref416681167]Table 1: Parameters for new HST model
	Parameter
	Interpretation

	

	Inter-site distance [m]

	

	Minimum distance between sites and track [m]

	

	UE velocity [m/s]

	

	Maximum Doppler shift [Hz]



The model contains two LOS paths with momentary Doppler shifts  and , and attenuations  and , and time delays  and , respectively. Additionally each RRH i and receive antenna k has a phase  that allows a new phase between paths to be randomized when  attains its minimum value. For the case where the RRHs use one Tx port and the UE uses 2 Rx antennas the signal  received by Rx antenna k can be modelled 
.
The components that determines the instantaneous frequency shifts are
, and
.
Besides having two such components the interpretation is the same as for the corresponding factor in the legacy HST model.
The attenuation is modelled by
, and
,
and is a new addition not found in the legacy HST model. The power n can be adjusted to get the desired fluctuations in Io (received power over the downlink bandwidth) to validate the performance of the AGC. For instance, in otherwise noise free conditions Io will fluctuate   between train positions Ds/2 (between two RRHs) and Ds.
The time-shift of the signals received from each respective RRH is modelled by 
, and
,
and similar to the attenuation this is a new compared to the legacy HST model. 
Simulations
Initial simulations have been carried out using the parameter values for the legacy HST channel, see Table 2. A cell bandwidth of 3MHz was used and AWGN was added to achieve an SNR, when measured at train positions , in the range -4 to 24dB. Each RRH has been modelled as using 1 Tx port, and the UE is receiving using 2 Rx antennas. For the attenuation, n=1, was used meaning that Io fluctuates about 3dB at high SNR between train positions Ds/2 and Ds. The results are shown in Figure 2 below.
 
[bookmark: _Ref416688652]Table 2: Parameter values used for initial simulations.
	Parameter
	Value

	

	300 m

	

	2 m

	

	300 km/h

	

	750 Hz



[image: ]
[bookmark: _Ref416689214]Figure 2: Throughput for new HST model compared to AWGN. Bandwidth 3MHz, 1 Tx port, 2 Rx.

The results indicate that the losses with respect to the maximum throughput (the AWGN curves) are bigger than when using the legacy HST model. This is not a surprise since for this new HST model the SIR fluctuates from infinity at   to a low value at . How low depends on how much of the two paths add up constructively, and how much interference is cause by leakage when the mutual frequency offset is 10% of the subcarrier spacing (). In the legacy HST model it is only the frequency tracking at the switching between negative and positive Doppler shifts that degrades the performance of the receiver, and this is a relatively short time compared to the time in the new HST model that the UE is in unfavourable SINR. Additionally the AFC is exercised at a point in time when the SINR is at its lowest value, making the frequency tracking less accurate. Hence a lower throughput is to be expected when at high SNR than for the legacy HST model.
Our view is that this new model accurately captures the challenges the UE is subjected to in this new deployment scenario.
Conclusions
We have proposed a new HST model for the deployment scenario where a cell consists of multiple RRHs along the railroad track. The model takes into account the challenges a UE experiences when receiving two paths with opposite Doppler shifts and with time delays and attenuation that depends on distance between the UE and each respective RRH.
Simulations indicate that the performance, when using this new model, is worse than when e.g. using the legacy HST model, but this is expected since the UE is in unfavourable SINR a larger fraction of the time than in the legacy model.
Our view is that this model accurately captures the challenges a UE is subjected to in the new HST deployment scenario. Comments, proposals and discussions are welcomed.
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