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1. Introduction 

The pilot channels structure is one of the topics within the Four Branch MIMO transmission for HSDPA Work Item [1], currently being discusses in the Working Group RAN1. Selected should be a trade-off between the performance achievable by 4-branch-MIMO-capable UEs, the legacy UE performance degradation caused by 4Tx transmission and the energy consumption. In this contribution we are focusing on the performance of 4Tx transmission only. 
2. Pilot design options
For Release 7-10 MIMO, the pilot signals have been sent via P-CPICH and S-CPICH channels, each of them from different antenna. On the previous RAN1 meeting it was agreed that since the number of Tx antennas is going to be extended, the number of pilot channels has to be increased as well. Additional common pilots were introduced, S-CPICH2 and CPICH3, sent from Tx antennas 3 and 4, respectively. To achieve a good quality of channel estimation, pilot channels have to be received with descent power by the UE. On the other hand, putting more power to the 3rd and 4th pilot channel causes higher level of interference, which is more severe for legacy UEs and implies that less power can be spent on data transmission via HS-PDSCH channel. Therefore, the compromise has to be found by simulations of different scenarios. In this contribution we are considering following pilot options:

1. Common pilots only
2. Common + dedicated precoded pilots
The first option is the simplest in terms of implementation. It demands no additional pilots being introduced except those already agreed. The possible power allocation has to be found for this pilot scheme by evaluation of throughput of single link as well as whole system.
The latter option allows for scaling of pilot power dependent on the number of spatial streams actually being used. The additional advantage is that the dedicated pilots are precoded along with data, so they gain from beamforming, and also it is not necessary to signal the used precoding weights in the downlink.
3. Common pilots 
Figure 1 and Figure 2 depict the throughput values for different common pilot power settings. The power of P-CPICH and S-CPICH is constant and equal to -10dB and -13dB relative to total node B power, respectively. Simulations were run for 3 geometry values: 0dB, 10dB and 20dB to simulate the performance of UEs being in different propagation conditions. The power of S-CPICH2 and S-CPICH3 varies between -25 to -13 dB per one pilot channel. The total node B power as well as overhead channels power is constant, as well as the sum of pilots and data channels power. That implies that if the pilot power is increased, the data power is decreased. Detailed simulation assumptions can be found in the appendix. On the x axis of the following figures presented is the power of 3rd / 4th pilot channel. The power of those channels is assumed to be equal.
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Figure 1 - throughput for 4x2 transmission
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Figure 2 - throughput for 4x4 transmission
On the above figure, it can be seen, that for the 4x2 transmission the maximal data rate is achieved when the pilot power is equal to -16dB. For all geometries, when 0.5W for 3rd and 4th pilot is exceeded, a decrease in throughput can be seen due to lower data channel power and higher interference caused by pilots.
For 4x4 transmission similar conclusions can be drawn with one difference for the low geometry case, the most beneficial is when the CPICH2 and CPICH3 power is equal to 1W.
4. Dedicated pilots
In the simulations of dedicated pilots scheme, the power of 3rd and 4th common pilot are set to -22dB and the total power of four dedicated pilots is varied between 1 and 20% of total node B Tx power, which gives from 0.05 to 1W per one dedicated pilot. The pilot overhead is scaled with the transmission rank, i.e. the higher the rank the more pilot channels are used. E.g. if the node B sends a single stream transmission, there is only 1 dedicated pilot present. Power per single dedicated pilot is kept constant throughout the whole simulation. When the number of dedicated pilots is decreased, the spare power is consumed by data channel. On the x axis presented are the values of power of single dedicated pilot channel.
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Figure 3 - throughput for 4x2 transmission
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Figure 4 - throughput for 4x4 transmission
It can be read from the above figures that with the increase of the dedicated pilot channel power, throughput increases. For higher geometries, it can be seen that the results are close to saturation, which is not the case for 0dB geometry, for which throughput increases linearly with the increase of dedicated pilot power in the tested area. For low geometry it is still possible to get higher throughput when increasing the power of dedicated pilots. To correctly analyse the results, it has to be taken into account that the common pilots are still present, decreasing the available data power. The sum of the power of all common pilots is equal to 3.25W and from the channel estimation perspective this power contributes only to the interference. 
5. Discussion
Presented results show the performance of 2 pilot design options. In both of the schemes the performance depends very much on the power settings of the pilot channels. It can be seen that in the examined cases it is possible to achieve higher throughput when common pilots approach is employed. The dedicated pilots approach provides better scaling of pilots power and doesn’t demand signalling of used precoding weights in the downlink. However, it is too early to decide on the particular scheme to be used, as it is not only single link performance which determines the most beneficial approach for pilot design. There are a number of factors, which need to be evaluated prior to the decision, e.g.:

· Impact of pilots schemes on legacy UEs

· System performance with different schemes
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APPENDIX
Simulation assumptions

	Parameter
	Value

	P-CPICH Ec/Ior
	-10dB

	S-CPICH Ec/Ior
	-13dB

	S-CPICH2 , S-CPICH3  Ec/Ior
	Variable for common pilots, -22dB for dedicated pilots

	Dedicated pilots power
	Variable, if present

	Control channels power
	-10dB

	HS-PDSCH power
	Variable, depending on cumulative pilot power

	VAM
	Present

	CQI delay
	3 TTIs

	PCI delay
	3 TTIs

	RI delay
	3 TTIs

	Channel estimation
	Real 

	Channel model
	PedA3

	Receiver type
	LMMSE


