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1 Introduction

During the WI there has been discussion whether the common pilot approach is suitable also for the 4 branch MIMO. Another alternative has been proposed to introduce a new dedicated pilot, which should enable lower CPICH power level on the additional MIMO antennas reducing the legacy impact. On the other hand, there might be some overall pilot power saving if transmitted number of layers is low and the assumption is made that lower quality common pilot is sufficient for precoding and CQI feedback calculation. The performance of common and dedicated pilot as a demodulation reference is studied in this paper in a 4x2 MIMO system where the number of layers is limited.
2 Simulation methodology
The simulations are carried out on a link level simulator where the parameterization mostly follows the agreed setup [1]. Two pilot setups are studied in a 4x2 MIMO system:
Common pilot scheme:

· The primary CPICH is transmitted from antenna 1 at -10 dB of total Node B power

· The antennas 2, 3 and 4 transmit continuously secondary CPICH with possibly lower power mentioned in simulation results
· Precoding calculation is performed from the CPICH

· Channel estimation for demodulation is performed from the CPICH

· CQI is based on the ideal SINR information 

Dedicated pilot scheme:

· The primary CPICH is transmitted from antenna 1 at -10 dB of total nodeB power

· The antennas 2,3 and 4 transmit continuously secondary CPICH with possibly lower power mentioned in simulation results
· Precoding calculation is performed from the CPICH

· Channel estimation for demodulation is performed from a dedicated pilot (DPICH)

· Various power levels are simulated
· Each data layer has a pilot channel allocated,  same transmission power is used for all pilot layers
· DPICH spreading factor is 256

· Pilot is precoded by the same weights as the data

· Pilot is assumed to be scheduled and known to be present only on the same slots as the HS-DSCH TTI indicated by the HS-SCCH.

· CQI is based on the ideal SINR information

The receiver used in simulations is a chip level space-time equalizer which uses the channel estimate as an input. The channel estimation algorithm is slightly different for the two cases. The common pilot channel estimate is obtained by a 4 slot long linear filter which uses past and future samples symmetrically to calculate a channel estimate. Relatively long filter is used due to the assumed low velocity of the MIMO system. The usage of 64QAM also requires low noise channel information. This filter cannot be used to the precoded dedicated pilot since the filtering can be performed only to the pilot samples which are received during the reception of the HS-DSCH TTI due to two reasons: First, the TTI before and after the current TTI may be scheduled to some other user. Second, the precoding weight may anyway change. Hence, only the samples inside the current TTI boundaries are used from the filter memory. This in practice means that the filter cannot be longer than 3 slots. 
It is assumed that the receiver is ideally aware on the scheduled pilot. In practical systems, means for informing the UE on the existence of the pilot are needed. In a code multiplexed systems, a static code allocation may not be practical. On the other hand, having more dynamic system where the information on the pilot is transmitted for example on HS-SCCH may have impact to the UE pushing the processing latencies because UE needs to have the information on the pilot channel before it can start performing channel estimation and equalization. Also new additional channel estimators are needed. To summarize, significant performance benefit should be demonstrated by the dedicated pilot in order to it to be feasible and acceptable way forward.

3 Simulation results

The simulations are carried out in IID pedestrian A channel. The following sub sections discuss the performance of the common and dedicated pilots. Also the legacy impact of the 4 branch common pilot solution is discussed.
Performance assuming common pilot as demodulation reference

The simulation results are shown in Figure 1 for various secondary CPICH power levels (per antenna). It can be observed that reducing the secondary CPICH power has impact on the MIMO performance but level of -19 dB seems to be a value where moderate degradation of 15 % is shown at high geometry values compared to very high power of -13 dB.


[image: image1]
Performance assuming dedicated pilot as demodulation reference

The throughput performance is shown at various common and dedicated pilot power levels at different geometry factor values in Figure 2, Figure 3, Figure 4 and Figure 5. The DPICH power shown in figures is DPICH power of each layer. As can be expected, selecting the precoding entry from the LTE codebook using maximum Shannon capacity based criterion is sensitive on the pilot power only at low geometry factors like in Figure 2. Note that since the CQI is based on ideal SINR information in these simulations, the impact of lower common pilot power may be seen optimistic. It might actually be that the SINR estimate is more sensitive against the channel estimation error than the precoding weight selection itself. However, an assumption is made here that the common pilot power can be reduced to an optimistic value of -22 dB. 
The Table 1 summarizes the pilot power consumption also taking into account the usage of different number of layers at different geometry factors since it is assumed that only the dedicated pilot signal is scheduled on active layers. The required DPICH power level have been extracted from simulation results assuming that similar throughput is targeted as achieved by the common pilot solution at -19 dB secondary CPICH power level. Results for all geometry values shown in Table 1 are not included in this contribution.

It can be observed that less dedicated pilot power per layer can be tolerated than in the common pilot based system. However, since the common pilot is anyway transmitted in the system, the total pilot power in the dedicated pilot system exceeds the one in the common pilot only system. Even if the S-CPICH would not be transmitted at all, the total pilot power would still be very close to the total pilot power of the common pilot only solution.

Table 1. Pilot power consumption.

	Scheme
	Secondary Common pilot power per antenna [dB]
	Dedicated pilot power per layer [dB]
	Rank 2 prob. [%]
	Total dedicated pilot power [dB]
	Total pilot power [dB]

	Common only
	-19
	-
	-
	-
	-8.6

	Dedic. G=-6
	-22
	-14.3
	0.6
	-14.3
	-8.1

	Dedic. G=-3
	-22
	-12.6
	1.5
	-12.5
	-7.6

	Dedic. G=0
	-22
	-12.9
	1.7
	-12.8
	-7.7

	Dedic. G=3
	-22
	-15.8
	1.2
	-15.8
	-8.4

	Dedic. G=6
	-22
	-15.4
	15
	-14.8
	-8.2

	Dedic. G=9
	-22
	-15.6
	70
	-13.3
	-7.8

	Dedic. G=12
	-22
	-15.6
	90
	-12.8
	-7.7

	Dedic. G=15
	-22
	-16.0
	95
	-13.1
	-7.8

	Dedic. G=18
	-22
	-16.0
	93
	-13.1
	-7.8

	Dedic. G=21
	-22
	-16.0
	94
	-13.2
	-7.8

	Dedic. G=24
	-22
	-16.1
	95
	-13.2
	-7.8
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Performance of non-MIMO UE in MIMO system

A link simulation is conducted where a single receive antenna non-MIMO UE is simulated which assumes transmission from 1 antenna. This simulation is carried out without link adaptation. The secondary CPICH is transmitted from 3 antennas at various power levels. The fractionally spaced chip level LMMSE receiver is not aware on this additional interference. As can be expected, higher performance impact is seen at high geometry factors because the secondary common pilot is the dominant source of spatial interference with respect to the other cell interference. Approximately 10 % loss is seen at high geometry factor of 21 dB if the S-CPICH power level equals -19 dB, which could be considered the power level for the common pilot solution. On the other hand, -21 dB S-CPICH power would reduce the loss into 7 %, which could be assumed to be the common pilot power level of the dedicated pilot solution. This improvement is rather small considering that these geometry factors are rare. Hence, it can be assumed that dedicated pilot solution will not significantly reduce the legacy impact of the four branch MIMO.
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Figure 6. Legacy UE impact of common pilot.

4 Conclusion
This paper compares the common and precoded dedicated pilot solutions for the demodulation. The dedicated pilot solution will have impact on the UE channel estimation and related processing. Hence, significant gain should be demonstrated by the new solution in order it to be easily justifiable. 
The results show that in the demodulation only point of view, the dedicated pilot solution has some benefit in terms of pilot power consumption. However, since the common pilot signal is anyway required in the system, the total pilot overhead of the dedicated pilot solution will exceed the total pilot power consumption of the common pilot solution. 
The simulations were made in a 4x2 setup but usage of higher number of layers will increase the power consumption of the dedicated pilot scheme even further. The gain in the legacy non-MIMO UE performance point of view is also small. Hence, the common pilot based solution seems most favourable.
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Figure � SEQ Figure \* ARABIC �1�. The throughput performance of the common pilot scheme.





Figure � SEQ Figure \* ARABIC �2�. Throughput performance of the dedicated pilot scheme at G=-6 dB.





Figure � SEQ Figure \* ARABIC �3�. Throughput performance of the dedicated pilot scheme at G=3 dB.





Figure � SEQ Figure \* ARABIC �4�. Throughput performance of the dedicated pilot scheme at G=9 dB.





Figure � SEQ Figure \* ARABIC �5�. Throughput performance of the dedicated pilot scheme at G=15 dB.








[image: image11.png]Bit/s

1450 000

1400 000

1350 000

1300 000

1250 000

4x2, Dedicated Pilot, G -6 dB

Common Pilot
——DPICH-10dB
= DPICH -11 dB
= DPICH -12 dB

LI
!

W

N

3 -16 -19
SCPICH (dB)

o
N

DPICH -13 dB
= DPICH -14 dB
~——DPICH -15 dB
~——DPICH -16 dB
~——DPICH -17 dB
———DPICH -18 dB
~——DPICH -19 dB




[image: image12.png]4x2, Common Pilot

30000 000
25000 000
/
/ —
//
20000 000 /
@ | — ——SCPICH-13 dB
= 15000000 —
3 ——SCPICH-16 dB
/ ——SCPICH-19 dB
10000 000 ——SCPICH-22 dB
5000 000
a—
0
6 3 0 3 6 9 12 15 18 21 24

Geometry




