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1. Introduction

During RAN#30 in Malta, there was some discussion regarding the outcome of the study item “Performance Evaluation of the UE behaviour in high speed trains with speeds up to 350 kmph”. It was agreed that there should be some more study on this from a RAN2/3 perspective. Vodafone has performed some analysis in this area and this document presents the outcome of this analysis.

2.

Handover analysis

Vodafone has carried out some theoretical analysis of the issues at high speed.

Assumptions

Inter-site distances and pathloss

Vodafone considered scenarios with and without repeater usage, and the simplest scenario was that the Node B sites D and E were placed close to the railway track. 

Cell Power: A max power of +43dBm was used, and all cells were considered to be fully loaded. 

CPICH power: The power of the CPICH is +33dBm from each cell.

Pathloss model: The Okumura pathloss model was used for the simulation with correction factors for rural and suburban environments. 

Base station antenna height: 30metres

UE antenna height: 3 metres

Penetration losses: The penetration loss within the train was considered to be 25dB from “each” cell when a repeater is not used.

Note: These penetration loss assumptions are not considered a typical case, and in reality the penetration loss will vary depending on the angle of incidence of the CPICH signal to the side of the train, thus causing some dynamic imbalance between the in the signal received from near and far cells.

Doppler shift: Doppler shift was not taken into account in this scenario. The effects of this are currently being studied within RAN WG4.

What does this simulated scenario tell us?
This is a very simple model, and basically it gives us some information regarding the typical sizes of handover regions in normal coverage. This will give us an idea of an ideal enviroment and whether typically planning is possible to cover this case. It does not take into accoutn the dynamic received cell power imbalances that may be caused by the penetration loss characteristics of the train. However it may be possible (given knowledge of the impacts of the train) to be possible for this imbalance to be minimised via cell planning, at least in rural scenarios (i.e. ensuring that the pathloss to the far cells is large enough not to cause too high interference). More study is probably needed into this by operators.
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Figure 1 - Cell layout assumption for the simulations

Evaluation of the results
UE speed and CPICH Ec/No detection

At 350km/h the UE will be travelling at 97.2 metres/second.  Taking the above case where the cell is fully loaded (which is a likely case for a cell which uses the remaining power for HSDPA usage)  this will mean that once the CPICH Ec/Io is  detectable (-20dB), this will give the UE over Y seconds to measure and add the target cell from site E to the active set, before the target cell becomes the best cell, and Z = 2*Y seconds from this point before the source cell at site D is no longer detectable by the UE. Taking into account that it takes 800ms for the UE to identify and measure the cell in the worst case, then the UE will have at least “2*Y)– 0.8” seconds to perform the handover.

From the calculations that have been performed, the following have been found:

Rural area: 10km inter-site distance (repeater): Y > 10 seconds

Rural area: 4km inter-site distance (no repeater): Y > 5 seconds

Handover settings

We consider that the time-to-trigger parameter is set to zero, and specific handover threshold settings are not considered, because the idea was to show the range of freedom that the network operator typically has in setting the values from a physical channel quality viewpoint. If the network knows that the UE is moving quickly, then of course this will allow the operator to optimise for both the fast-moving and slow-moving case.

Channel type scenarios
DCH handover delay window

Given this result, and looking at typical handover procedure delays in today’s networks, it is likely that for DCH, the UE has enough of a handover window (2*Y seconds) to add the cell to the active set without dropping the call, even in the worst case of value Y, it has 10 seconds after identifying the target cell for it to be added to the active set before the call is dropped. 

HSDPA serving cell change window

With HS-DSCH, it is desirable for the UE to be able to indicate which cell is the best cell for HSDPA reception at the time that the target cell becomes the best cell. This puts slightly higher requirements on the network to be provide a fast addition of the DCH to the active set, such that the event 1D can be triggered by the UE in a timely manner, within the “Y-0.8” second period. Especially for the case where the SRB is on DCH, once the cell becomes the best cell, it has another “Y-0.8ms” seconds minimum to send the MEASUREMENT REPORT message and receive the PHYSICAL CHANNEL RECONFIGURATION message.

Even in the worst case for the value Y, this is hopefully enough time for the HSDPA cell change to occur at 350km/h.

E-DCH handover considerations

Asuming the use of SRB over HSDPA on the downlink, the limitations to the handover window will be identical to that of HSDPA. Otherwise Vodafone considers it to be similar to the DCH case.

3.


Optimisation of handover parameter settings for high speed UEs at start of DCH connection

This may not be specifically related to the 350km/h case where explicit cell planning may be needed. However, the ability for the network to appropriately set handover settings is obviously more critical the faster the UE travels, and the smaller the cell size. 

If there are cells for which there are high and low speed UEs (i.e. in urban or sub-urban environments), then there are methods by which the network can learn of the UE speed (i.e. based on number of cell changes). This may be more difficult to manage if the UE is frequently moving between active and inactive states, and thus it may be useful for the UE to indicate to the network its mobility situation (i.e. high or low speed) if it is going from URA_PCH state or idle mode. This may allow a better handling for the first few cell changes when the UE is in CELL_DCH. Obviously more more feedback would be welcomed on such an approach. 

4.

HSDPA CQI reporting issues

CQI reporting adaptation

Considering a similar scenario as in section 3, the ability for fading-based scheduling to be used by the Node B becomes less relevant as the UE moves faster. For example if the UE moves at 350km/h, then there is expected to be a fade every 7ms. Therefore it would be necessary for the Node B to do some averaging of CQI reports in this case. 

It is not 100% clear how the Node B would deduce that the UE is moving quickly, especially in cases where the CQI reporting is not performed every 2ms. Relying on the ACK/NACK ratio may be feasible here in allowing the Node B to adapt its CQI averaging window. 

[Note: It is expected that if the above implementation is possible, then if a long enough averaging can be done that the typical Ec/No roll-off towards the cell edge will happen slowly enough to enable these “smart” Node Bs to maintain service without a heavy reduction in throughput caused by increased HARQ NACKs, or even worse RLC retransmissions.]

Nevertheless feedback from network (particularly Node B) manufacturers is welcomed here.

Cell change interruptions

The reduction in interruption for cell changes is not directly related to speed. However of course in small cell environments, if the handover settings cannot be optimised, then performance may be sub-optimal.

5. Conclusions

· Looking a the case of the UE travelling at 350km/h, there do not seem to be particular issues with handover regions provided that it is possible for the coverage to be well-planned and the imbalances caused by the varying angles of incidence of the power of different cells to the train can be compensated. 

· If we take into account that operators may also deploy 900MHz in rural coverage however, this would enable the inter-site distances to be increased further (maybe almost up to 5km inter-site distance), and handover regions to be increased. This will also somehow reduce the need for the repeater to compensate for high pathloss.

· There are no specific proposals for additions to the specifications in this paper. We would first like to understand from network manufacturers the possibilities for handling particuarly the HSDPA scheduling issues in this paper via existing functionality. 

· Also it is requested to for companies to check if there are suitable existing methods which allow the network to quickly work out that the UE is moving quickly at DCH/HS-DSCH/E-DCH establishment, in order to optimise handovers from the point in time that data transfer starts.
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