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1 Introduction

The pilot structure was discussed during RAN1 #66bis [1-4] and it was concluded to investigate an all CPICH option as well as an option with code multiplexed dedicated pilots for demodulation together with a CPICH solution used for channel state estimation. In this document we investigate the impact on legacy terminals by a CPICH only solution. 
By transmitting the additional CPICH signals with lower power the impact on legacy can be minimized. Since the CPICH is used for CQI estimation and data demodulation in this scenario, this reduced power will of course impact the user throughput performance. Thus, we also look at the impact on the user throughput performance when the additional pilots are transmitted with reduced power.
2 Simulations
The main objectives of this simulation study is to
1. Study the impact of additional pilots on the legacy MIMO terminals

2. Study the impact on the user throughput i.e. demodulator performance with reduced pilot powers
For the first item, we investigate the performance by system level simulations and the second item by link level simulations.

System level simulations:
We consider a 21 cell system with a site-to-site distance of 500m where each cell transmits common pilots from the four antennas. The power per antenna is 20W; hence the total power per cell is set to 80W. We further assume perfect power balancing and the power scaling is based on the total power on all Tx antennas. 

The first and second pilot powers are fixed to -10dB and -13dB, respectively. The pilot power for the 3rd and 4th antenna is the same and varied between -13 to -25dB. It is further assumed that all UEs are Rel-7 MIMO capable with 2Rx antennas and a type3i receiver. In these simulations we first allocate power to the CPICH. The HS-SCCH power is set to drive the HS-SCCH BLER to 1%. The remaining power is allocated to the HS-PDSCH. Additional system parameters are given in Table 2 in Appendix A. 
The mean system throughput as a function of the load is shown in Figure 1. It is seen that the additional pilot signals indeed have an impact on the performance of the legacy terminals. It is also noted that if the power on the additional pilots (3rd and 4th) is lowered the impact is, of course, less pronounced. For example, if the pilot power is around -20dB there is a rather limited impact on the throughput.  The throughput degradation of the Rel-7 MIMO UEs compared to a 2Tx system (black line in Figure 1) is caused by a combination of a more difficult interference situation and lower power on the HS-PDSCH.  From this it can be deduced that an additional pilot power of around -20dB would give an acceptable performance degradation on legacy MIMO terminals.
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Figure 1: Mean system capacity as a function of load for different CPICH power settings.

Link level simulations:
For link level simulations, 4x4 MIMO with 4 codeword is considered with link adaptation, where the rank, PCI, modulation, coding rate and the transport block size are dynamically updated for each TTI. We assume the precoding codebook based on LTE Rel-8 [5]. 

In our simulations we use realistic channel estimation with different pilot powers as in system level simulations. We assume uncorrelated fading at both transmit and receiver side.  For link adaptation, the UE chooses the PCI, RI and MCS based on maximization of 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 wireless channel assumed is Pedestrian A channel. The velocity of the mobile is assumed to be 3 Kmph.  The main simulation parameters are tabulated in Table 3 in Appendix B.
Figure 2 shows the link level throughput with different pilot power reduction for the 3rd and 4th antennas. We show the performance for 3 different geometry factors. It can be observed that the user throughput performance reduces with reduction in pilot power for the 3rd and 4th antennas. At low geometries, the performance degradation is very minimal, while the degradation is severe at high geometries. This is because at high geometries the probability of rank 3 and rank 4 transmissions is very high and the data throughput is reduced by poor channel estimates, while at low and medium geometries,  the probability of rank 1 and rank 2 transmissions is high and the impact is much lower.  Table 1 shows the performance loss in % as a function of pilot powers for 3rd and 4th antennas.  Please note that percentage of relative performance is computed with reference to the pilot power setting of -13 dB for 3rd and 4th antennas.
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Figure 2 Throughput performance with different pilot power reduction as a function of the geometry.
Table 1 Performance loss for different pilot power settings.
	Pilot power for 3rd and 4th antennas

in dB
	Relative performance loss in % with respect to pilot power with 
-13 dB

	
	0 dB
	10 dB
	20 dB

	-16


	2.06
	4.23
	8.73

	-19
	2.28
	2.26
	29.75

	-22
	13.14
	14.50
	49.92

	-25
	27.96
	59.70
	75.85


3 Conclusions
In this contribution, we show the impact on the legacy terminals due to the introduction of common pilots on the 3rd and 4th antennas. From the system simulation results presented here we can conclude that adding additional low power pilots to support 4Tx MIMO would give an acceptable degradation on legacy if the power is reduced to 20 dB.  Since the reduction in pilot powers impact the user demodulation performance, we studied the impact on demodulator performance by link level simulations. We conclude that the impact at low geometries is marginal with the reduction in pilot power, while at high geometries, the impact can become severe. At all geometries, the performance degradation is small if the pilot power is reasonably reduced, e.g. -16 dB for the 3rd and 4th pilots. Unfortunately at this power level the impact to legacy users is large. Hence, we conclude that pilot design needs further investigation and will be decided once we get the results with dedicated pilots.
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Appendix A
Table 2: System Simulation Assumptions for 4-branch MIMO
	Parameters
	Assumption

	Cell Layout
	Hexagonal grid, 7 cell sites, 3 sectors per Node B with wrap-around

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration Loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	17 dBi 

	Antenna Pattern
	 (3D ant) Kathrein Antenna Pattern with 10 deg downtilt

	Number of UEs/cell
	0.1, 0.5, 1, 2

	Channel Model
	SCM-suburbanmacro

	Max cell Tx power
	80 W

	Power Balancing
	Ideal

	HS-PDSCH Power
	HS-PDSCH uses all remaining power available after the HS-SCCH and pilot power allocation.

	HS-SCCH Power
	Dynamically set to maintain ~1% HS-SCCH BLER

	Pilot Setting
	CPICH1: -10 dB 

CPICH2: -13 dB 

CPICH3,4: -13 to -25 dB 

	UE Antenna Gain
	0 dBi

	UE Noise Figure
	9 dB

	UE Receiver Type
	Type3i

	UE Distribution 
	UEs uniformly distributed

	Thermal Noise Density
	-174 dBm/Hz

	Traffic
	Full buffer

	DL Scheduling
	Proportional fair


Appendix B

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 3i (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

	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)
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