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1. Background
The work on the high speed trains have started with references [1] to [3]. In this contribution we discuss the performance on cell search and handover delays and also the performance of HSDPA. In these simulations a “type 3” receiver were used giving the best possible throughput. However the mandatory requirements will be based on an ordinary RAKE receiver.
2. Issues for discussion

2.1 Mobility, Cell Search and Measurements

Cell Search
One very important question that is raised regarding mobility on high speed trains is how the cell searcher (CS) works at high speed. 
Based on previous results we do not see any problem for the cell searcher performance increasing the speed to 350 km/h.
Ec/Io Measurements

The next topic is about the Layer 1 Ec/Io measurement accuracy.
In Figure 1, simulation results, in terms of CDF of the Ec/Io measurements for the

120 and 350 km/h case, assuming a 3GPP channel case 3, are presented.
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Figure 1: CDF curves of the reported measurements 
From the above one can see different bias in the estimate for different speeds. However, the relative distances between the curves are approximately the same for both speeds. Hence, this indicates the same measurement performance for 350 km/h as for the 120 km/h case if relative measurements are used for event triggering.
The Handover procedure

In this section we do some investigations to see whether the HO procedure including cell search and RRC message handling is fast enough. We assume a cell planning taking into account the high speed train, so only LOS model used in the investigation, i.e we only focus on the path loss and not the fast fading (which however will to some extent be averaged out in the Ec/Io measurements).

The following path-loss model is used
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Here r is the path loss constant. The site to site distance is assumed to be 2 km and figures 6 and 7 shows CPICH_Ec/Io and Ior/Ioc (fully loaded cells assumed) respectively for cell A and B as a function of the distance from cell A (in meters). In order to estimate the HO procedure time we assume an Ior/Ioc ≥ -6 dB needed for good cell detection. A cell detection time of, say, 300 ms is assumed. Furthermore an CPICH_Ec/Io ≥ -16 dB is commonly assumed to be needed in order to be able to do good detection. Here this value is used as the signal level needed for BCH to be decoded correctly. The time for reading BCH messages (SFN) is 20 ms. A train speed of 100 m/s (360 km/h) is assumed and for the HO procedure the time to trigger (TTT) is 200 ms, the event 1A threshold -3 dB relative best cell in active set, and the Event 1A handover activation time is assumed to be 1000 ms (a worst case assumption).
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Figure 6: Ec/Io as a function of the distance from cell A for two different path loss coefficients (2.5 and 3.5). Fully loaded cells assumed and CPICH_Ec/Ior = -10dB.
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Figure 7: Ior/Ioc as a function of the distance from cell A for two different path loss coefficients (2.5 and 3.5). Fully loaded cells assumed and CPICH_Ec/Ior =-10dB.

In the discussion below we concentrate on the (worst) case with path loss coefficient 3.5. The UE is connected to cell A at d=600 m (which we set to t=0). In order to have stable connection when moving towards cell B, the cell B have to be included in the active set before d=1150 (t=5.5 sec), i.e. before Ec/Io <-16 dB for cell A, according to the assumption of sufficiently good CPICH quality for the channel estimation in order to maintain sufficient quality of service. Cell B is detected by the CS when Ior/Ioc ≥ -6:5 for cell B. That happens at d=800 m (t=2 sec) and takes 300 ms (d=830 m). The Cell B BCH could be detected at d=850 (t=2.5 sec). Furthermore, Cell B is within 3 dB from cell A at d=900 (t=3 sec) and Event 1A is triggered 200 ms later at d=920 m. The HO procedure takes 1 sec and Cell B is added to the active set at d=1020 (t=4.2 Sec). From the above, in this scenario, there will be a margin of 1.3 seconds. Hence this gives indications that the HO procedure is sufficiently fast for velocities up to 350 km/h. Furthermore, in the above example, similar computations gives that the breaking point where the HO procedure fails will be for velocities of around 500 km/h.

In the above derivations a very simple model is assumed, but a margin of 1 second also in the worst path loss case, indicates sufficient performance. 
2.2 HSDPA performance

In this section we finally look at actual HSDPA performance in the high speed (350 km/h) case. Note that all throughput numbers here assume that all aspects w.r.t UE, Node B behavior and mobility, discussed above works in a desired manner at high speed. Simulations assuming ideal as well as non-ideal channel estimates are shown here assuming channel profiles. Pedestrian A, Pedestrian B and Vehicular A but at velocity 350 km/h. The reason for using these channels is to be able to make comparisons with actual throughput performance at low speeds. Furthermore a dual antenna architecture with equal gain and no correlation is assumed. A “Type 3”-receiver is used. The 3GPP H-set 6 was used in all simulations and all simulations originate from. Furthermore all UL control channel decoding (CQI/ARQ) is assumed to be ideal. 

Ideal channel estimates
In this section we investigate the HSDPA performance for a genie receiver, i.e. a receiver having perfect knowledge of path delays and ideal channel and covariance estimates. Hence, the channel and noise correlation is assumed known. In Table 1 reference throughput number (i.e. low speed, 3, 120 km/h depending on channel model) can be found in the Ior/Ioc = 10 dB case. In order to see the best possible throughput an ideal Type 3 receiver was assumed. The high speed throughput numbers can be seen in Table2.
Table 1: Reference throughput (Kb/s) for genie Type 3 receiver. Ior/Ioc =10 dB. H-set 6, QPSK max throughput=3219 kb/s, 16-QAM max throughput=4689 kb/s.
	Channel
	Modulation
	 Ec/Ior = -9 dB
	 Ec/Ior = -6 dB
	 Ec/Ior = -3 dB

	Ped A (3 km/h)
	 QPSK
	 2560
	 2999
	 3177

	Ped B (3 km/h)
	 QPSK
	 2177
	 3052
	 3218

	Veh A (120 km/h)
	 QPSK
	 2160
	 3161
	 3219

	Ped A (3 km/h)
	 16-QAM
	 2224
	 3324
	 4178

	Ped B (3 km/h)
	 16-QAM
	 1858
	 2680
	 3975

	Veh A (120 km/h)
	 16-QAM
	 2083
	 2572
	 3918


Table 2: Throughput (Kb/s) for genie Type 3 receiver for high speed train scenario (350 km/h). Ior=Ioc = 10 dB.H-set 6, QPSK max throughput=3219 kb/s, 16-QAM max throughput=4689 kb/s.
	Channel
	 Modulation
	 Ec/Ior = -9 dB
	  Ec/Ior = -6 dB
	 Ec/Ior = -3 dB

	Ped A
	 QPSK
	 2165
	 3098
	 3217

	Ped B
	 QPSK
	 1565
	 2652
	 3219

	Veh A
	 QPSK
	 1691
	 3089
	 3219

	Ped A
	 16-QAM
	 1726
	 2378
	 3029

	Ped B
	 16-QAM
	 1230
	 1758
	 2417

	Veh A
	 16-QAM
	 1499
	 2176
	 2757


Comparing the ideal simulation throughput numbers one can see that the QPSK performance are quite similar for high and low speeds, i.e. no large degradation can be seen. Included as a reference, in Table 3 throughput number in the soft handover region (Ior/Ioc = 0 dB) is presented.
Table 3: Throughput (Kb/s) for genie Type 3 receiver for high speed train scenario (350 km/h). Ior/Ioc = 0 dB. H-set 6, QPSK, max throughput=3219 kb/s.
	Channel
	Modulation
	 Ec/Ior = -9 dB
	 Ec/Ior = -6 dB
	 Ec/Ior = -3 dB

	Ped A
	 QPSK
	 62
	 978
	 1434

	Ped B
	 QPSK
	 0
	 870
	 1315

	Veh A
	 QPSK
	 0
	 928
	 1384


From the throughput numbers in the interference limited case one can conclude that sufficient power on the HS-PDSCH (more than 25% of the node B power) is needed in order to get any throughput at all. In case half the node B power available for HS-PDSCH an ideal throughput of about 1.3-1.4 Mb/s could be expected.

3. Conclusions

As a conclusion from this study it is found out that the measurements and handover performance should be fast enough for a fast speed train. Furthermore the HSDPA throughput with an advanced receiver, type 3, is presented with ideal channel estimation.
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