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1 Introduction

For a 4 branch MIMO system pilots are needed for two main functionalities; channel state information (CSI) estimation through channel sounding where rank, CQI and PCI are estimated and channel estimation for demodulation purposes. For 4 branch MIMO two different approaches are possible.

· Common pilots for both CSI and channel estimation

· Common pilots for CSI estimation and dedicated pilots for channel estimation

In RAN1#66 bis, it was decided to investigate common pilot approach for CSI and channel estimation option as well as an option with dedicated pilots along with common pilot solution used for estimation of the channel for CSI estimation [1]-[4].  Application of either of the two solutions described above carries with it some disadvantages.

The impact of common pilot only solution is described in [6], [7].  It was concluded that a solution based on common pilots only will have a negative impact on legacy users unless the power on the additional pilots is < -19 dB. However the demodulation performance of 4TX in this case will be adversely impacted.  Hence dedicated pilots solution is attractive for data demodulation. Since dedicated pilot performance depends on the power allocated, in this contribution we analyze the achievable gains with the introduction of dedicated pilots in addition to common pilots for CSI estimation.

2 Gains with Dedicated Pilots

In our simulation, the first and second pilot powers are fixed to -10 dB and -13 dB respectively. The pilot power for the 3rd and 4th antenna is varied between -13 and -22dB. In our study we consider a 4x4 MIMO with maximum 4 codewords with link adaptation.  We assume uncorrelated fading at transmit and receiver sides.  For link adaptation, the UE chooses the PCI, RI and MCS that maximize the Shannon capacity with realistic channel estimates. The feedback is assumed to have 3 TTI delays and is assumed to be error free. The simulations are run for a UE with different geometry factors and the Pedestrian A channel model is assumed. The velocity of the mobile is assumed to be 3 Kmph. We assume the precoding codebook based on LTE Rel-8 [5]. The other simulation assumptions are tabulated in Appendix A.

A. Summary Result of Common Pilots for CSI estimation and data demodulation:

Figure 1 shows the Link level throughput for a UE with 3 different geometry factors. As discussed above, when operating with common pilots it will be necessary to minimize the power transmitted on the 3rd and 4th pilots in order to minimize impact to legacy users.
We plotted the performance with reduced pilot powers for 3rd and 4th antennas while keeping the pilot powers for 1st and 2nd antennas as -10 and -13 dB respectively.  The remaining power is allocated for HS-DSCH. It can be observed that as we reduce the pilot powers, the performance degrades due to bad channel estimation for CQI and data demodulation. The degradation is severe at high C/I compared to low C/I region. This is because at high C/I, there is a high probability of rank 3 and rank 4 transmissions and/or high data rates, which require a larger amount of pilot power energy. On the other hand, low data rates and/or rank selections, which occurs at low C/I can be demodulated with a lower amount of pilot energy (i.e. a higher traffic to pilot ratio).
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Figure 1 Link level performance when common pliots are used for CSI estimation and data demodulation. 
B. Common pilots for CSI estimation and dedicated pilots for data demodulation:

Figure 2 shows the achievable gains with dedicated pilots for different C/I.  The gains are compared with common pilots only solution.  i.e. common pilots are used for CSI estimation and data demodulation. In this Figure common pilots are used for CSI estimation with power levels of -10 dB for Primary pilot on the 1st antennas and -13 dB for pilots 2nd, 3rd and 4th antennas. Please note that in these simulations, ideal data demodulation is assumed with different dedicated pilot power. In the simulations we assume fixed amount of total dedicated pilot is allocated. The fixed amount of total dedicated power is varied from 1% to 10% of the total BS power. In reality, power per each dedicated pilot depends on the rank of the transmission.
It can be observed from Figure that that at high C/I, we can get significant gains with dedicated pilots. At low C/I, the gains are small and when the dedicated pilot is increased, there is a possibility for a loss in the link throughput. The loss arises because the increase in pilot power on the dedicated pilots does not lead to a corresponding increase in demodulation performance, but does increase the amount of overhead and reduce the power available for HS-PDSCH.
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Figure 2 Achievable gains when common pilots for CSI estimation and dedicated pilots for data demodulation with 3rd and 4th common pilot powers of -13 dB.
Figure 3 shows the achievable gains with dedicated pilots with the 3rd and 4th   common pilot powers reduced to -22 dB.  In this case, the gains are significant at all geometries. These gains give an upper bound on the achievable gains. In practice, there is some channel estimation error and the gains are reduced. From these observations, dedicated pilots option may not be good for all SNRs.
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Figure 3Achievable gains when common pilots for CSI estimation and dedicated pilots for data demodulation with 3rd and 4th common pilot powers of -22 dB.
3 Summary and Conclusions

In this contribution, we analyze the gains achieved with the introduction of dedicated pilots for data demodulation in addition to the common pilots for CSI estimation. From simulation results it is observed that the gains depend on the geometry factor and also the power setting of the 3rd and 4th pilot for the common pilots. Also simulation results suggest that dedicated pilots may not achieve gains under all geometries.
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Appendix A

Table 3 Link level simulation assumptions

	Parameter


	Assumption

	Carrier frequency
	2GHz

	Samples per chip
	2

	Number of codewords 
	4

	Layer mapping
	One to one

	HS-DSCH Ec/Ior
	Variables 

	Geometry (Îor/Ioc)
	0, 10, 20 dB

	TBS table
	Ideal

	Modulation
	QPSK, 16 QAM and 64 QAM

	Receiver structure
	Type 3 (MIMO capable LMMSE) 

	Channel estimation
	Realistic

	Searcher
	Ideal

	Propagation channel types
	Ped A 3km/h 

	Tx and Rx antenna correlation
	IID

	Turbo decoding
	MaxLogMap – 8 iterations

	Number of Physical Channel Codes
	Max 15

	HSDPA Scheduling Algorithm
	CQI based, ideal LA is assumed

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmissions
	4

	HARQ Combining
	Chase Combining

	Target Number of H-ARQ Transmissions
	1

	Precoding codebook
	LTE- Release 8 ( TS 36.211)

	ACK/NACK feedback error rate
	Baseline: 0%

	PCI / rank feedback error rate
	Baseline: 0%

	CQI feedback error rate
	Baseline: 0%

	Feedback delay
	Baseline: 6 ms (3 TTI)




