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1. Introduction

In previous meetings, two options for pilot channel design for 4-branch MIMO have been discussed. All common pilot schemes and common pilot plus CDM based dedicated pilot schemes are considered and compared in [2]-[9]. In this paper, we give some further considerations and performance comparisons for those pilot design schemes. 
2. Pilot structure
· Common pilots
Four orthogonal pilot channels (P-CPICH, S-CPICH1, S-CPICH2 and S-CPICH3) are sent without pre-coding over each antenna port. This is a straightforward way for pilot channel design with additional pilot channels, one for each antenna port. 
Option 1: Only 4 common pilots. Common pilots are transmitted for both channel sounding and data demodulation.
· Common pilots and CDM based dedicated pilots
A scheme with common pilots and CDM based dedicated pilots transmitted together was also introduced. Four orthogonal pilot channels (P-CPICH, S-CPICH1, S-CPICH2 and S-CPICH3) are sent without pre-coding from every antenna and used for channel sounding. In addition, dedicated pilot channels (DPICHs) are transmitted with the same pre-coding weights with HS-PDSCHs. These UE specific pilots are intended to be used for data demodulation.
Option 2: 4 common pilots + n dedicated pilots, where n is the number of layers. Common pilots are used for channel sounding and dedicated pilots used for data demodulation.
· Common pilots and scheduled common pilots
A method of scheduled common pilots can be considered in 4-branch MIMO. There are still four common pilot channels (P-CPICH, S-CPICH1, S-CPICH2 and S-CPICH3) as in option 1. In addition, two scheduled common pilot channels (S-CPICH4 and S-CPICH5) are transmitted on antenna 3 and antenna 4 without pre-coding, and used for data demodulation.
In Option 1, common pilots are transmitted for both channel sounding and data demodulation. However, lower pilot power is required for channel sounding than for data demodulation. Based on this, in order to reduce power consumption in the case of no data transmission, S-CPICH2 and S-CPICH3 are configured to be used for channel sounding and consequently they can not satisfy the requirement to be used for data demodulation in the entire coverage area. 
Pilot channels transmission on antenna 1 and 2: for backwards-compatibility with legacy UE, the transmission power of P-CPICH and S-CPICH1 should be the same as before, used for channel sounding and data demodulation.
Pilot channels transmission on antenna 3 and 4: 
a) If no 4Tx MIMO UE is scheduled in one TTI: only S-CPICH2 and S-CPICH3 are transmitted on antenna 3 and 4, respectively, and used for channel sounding. Their powers are set according to the CSI estimation requirements in the coverage area. 
b) If any 4Tx MIMO UE is scheduled in one TTI: S-CPICH4 and S-CPICH5 are also transmitted on antenna 3 and 4, respectively, and provide additional power for channel estimation for data demodulation. S-CPICH2 and S-CPICH4 from antenna 3 are processed together, likewise S-CPICH3 and S-CPICH5 from antenna 4.
Option 3: 4 common pilots and 2 scheduled common pilots.
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Figure 1: 4 common pilots and 2 scheduled common pilots
3. Simulations
With respect to the application of one of the pilot design options for 4-branch MIMO, the impact on legacy UEs (including non-MIMO and 2x2 MIMO UEs) as well as the performance of 4Tx MIMO UEs need to be considered for each option. In this section, the impact to legacy UEs is investigated with system simulations, and the performance of 4Tx MIMO UEs with link simulations.
3.1. Legacy UE performance
The objective of this simulation study is to quantify the interferences generated by additional pilot channels S-CPICH2 and S-CPICH3 for legacy 2Tx MIMO users. In our results, the performance in 2*2 MIMO system is used as baseline. The impact of different power offsets of 3rd and 4th pilot channels on the performance of legacy users is evaluated. The first and second pilot powers are fixed to -10dB and -13dB, respectively. The power for the S-CPICH2 and S-CPICH3 is the same and varied between -13 to -25dB. It is assumed that all UEs are Rel-7 MIMO capable with 2Rx antennas and a type3 receiver. And all these schemes are compared to a 2Tx2Rx system with the same power settings for P-CPICH and S-CPICH1. The detailed system level simulation parameters [9] are listed in Table 4 in the Appendix.
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Figure 2: Average UE throughput and cell throughput for different CPICH power settings
Figure 2 shows the UE average throughput vs. cell throughput for varying number of users per cell for the PA3 channel. The points in the line show the performance of 0.1, 0.2, 1, and 2 users per cell. It has been observed that the throughput increases with the reduced power configuration of S-CPICH2 and S-CPICH3. Furthermore it can be seen that when the power of those channels is more than -19dB, a substantial performance degradation on legacy MIMO UE occurs, with above 15% loss of throughput. And in the case of pilot power less than -19dB, legacy MIMO UEs will have less than 8% performances loss in all the cases. 
In summary, we observe that when the power of S-CPICH2 and S-CPICH3 is set to more than -19dB, legacy MIMO UE would have a substantial performance degradation.
3.2. 4Tx MIMO UE performance

Three potential options for pilot channel design are provided in Section 2. Here we investigate link level performance of the different pilot design options according to the agreed link level simulation parameters in [9]. The common parameters of link level simulation assumption are listed in Table 5 in the Appendix, and the power of S-CPICH2, S-CPICH3 and the power of dedicated pilot channel are described in the corresponding sections.
3.2.1. Common pilots
The following pilot power settings are used for the performance evaluation with Option 1, which assumes only four common pilots. The powers of P-CPICH and S-CPICH1 are fixed to -10dB and -13dB, respectively. The powers of S-CPICH2 and S-CPICH3 are the same and varied between -13dB and -22dB. 
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Figure 3: Throughput of 4Tx MIMO for different CPICH power settings
Figure 3 shows the throughput of 4Tx MIMO for different powers of S-CPICH2 and S-CPICH3. It can be observed that the throughput decreases with the reduced power configuration of S-CPICH2 and S-CPICH3, and that a significant degradation up to 30% occurs in high geometry. In lower geometry, performance is similar for all considered cases. Since in high geometry rank 3 and 4 will be the most likely choices for data transmission, for those ranks the throughput decreases as S-CPICH2 and S-CPICH3 powers decrease due to the degradation in channel sounding and data demodulation performance. In lower geometry, rank 1 and 2 are more likely to be used, and the throughput degradation due to the lower power of S-CPICH2 and S-CPICH3 is much smaller. 

3.2.2. Common pilots and dedicated pilots

The following pilot power settings are used and simulations are performed in order to assess the link performance associated with the additional dedicated pilot application (Option 2), as discussed in the previous section. 
In order to compare Option 1 and Option 2, equal total power at the highest rank is assumed for both options. As listed in following Table 3. The first and second pilot powers are also fixed to -10dB and -13dB, respectively. In Option 1, the power for the S-CPICH2 and S-CPICH3 is configured to -13dB. In Option 2, the power for the S-CPICH2 and S-CPICH3 is the same and varied between -16 and -22dB, and the residual power can be configured to dedicated pilots.
Table 1: Power settings
	
	P-CPICH Ec/Ior (dB)
	S-CPICH1 Ec/Ior (dB)
	S-CPICH2 Ec/Ior (dB)
	S-CPICH3 Ec/Ior (dB)
	Every dedicated pilot channel (DPICH) Ec/Ior (dB)

	Option 1
	-10
	-13
	-13
	-13
	N/A

	Option 2
	-10
	-13
	-16
	-16
	-19

	
	
	
	-19
	-19
	-17.3

	
	
	
	-22
	-22
	-16.6
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Figure 4: Throughput of 4Tx MIMO for different DPICH power settings
Figure 4 shows the throughput for varying geometry for the PA3 channel. The red curve refers to Option 1. It can be seen from the figure that when the pilot power is divided between common pilots and dedicated pilots, a large degradation is observed in all the cases. When S-CPICH2 and S-CPICH3 are configured with a reduced power, this accounts for some of the degradation in channel estimation. However it is the limited power of the dedicated pilots that substantially impacts performance as shown in the figure where a sharp throughput drop occurs when DPICHs set to -19dB. Setting DPICHs to higher power, e.g. -17.3dB or 16.6dB, we can observe that the throughput increases. In these cases less power is used for channel sounding and more power for channel estimation for data demodulation, and throughput performance is better (than the blue curve). However there is a substantial throughput gap respect to the design option with 4 common pilots.
Table 2 shows the percentage of transmission pilots’ power for different DPICH power configuration, in order to show the condition of power saving when the data transmission uses a lower rank. The 25% of pilot power is the percentage of power allocated to pilots when transmitting at rank 4. It can be observed that in low geometry more power could be saved, since rank 1 and 2 are usually scheduled. In high geometry only little power saving can be achieved.
Table 2: Percentage of pilot power in different geometry
	Geometry
	Percentage of pilot power in different geometry (%)

	
	DPICH Ec/Ior: -19dB
	DPICH Ec/Ior: -17.3dB
	DPICH Ec/Ior: -16.6dB

	0
	22.92%
	21.90%
	21.35%

	5
	23.83%
	23.26%
	22.95%

	10
	24.21%
	23.82%
	23.61%

	15
	24.40%
	24.11%
	23.96%

	20
	24.57%
	24.37%
	24.25%

	25
	24.68%
	24.53%
	24.45%


According to this power configuration of CPICH and DPICH, it is summarized that not only channel sounding but also data demodulation is influenced, and large degradation is observed in the throughput. Although a power saving is possible using Option 2 when no data are scheduled or in low rank transmission, there is a substantial throughput loss at high rank transmissions.  
3.2.3. Common pilots and scheduled common pilots
The following pilot power settings are used for the performance evaluation with the Option 3. We also want to compare with Option 1, equal total power settings of Option 2 transmission are also used. 
As listed in Table 3, the first and second pilot powers are also fixed to -10dB and -13dB. The power for the S-CPICH2 and S-CPICH3 is configured to -13dB in Option 1. And in Option 3, the power for the S-CPICH2 and S-CPICH3 is still the same and varied between -16 to -22dB, residual power is configured to additional S-CPICH4 and S-CPICH5. When there is no data scheduled, there is no need to transmit S-CPICH4 and S-CPICH5, so power saving can be achieved. The proportion of saved power is shown in Table 3..
Table 3: Power settings
	
	P-CPICH Ec/Ior (dB)
	S-CPICH1 Ec/Ior (dB)
	S-CPICH2 Ec/Ior (dB)
	S-CPICH3 Ec/Ior (dB)
	S-CPICH4 Ec/Ior (dB)
	S-CPICH5 Ec/Ior (dB)
	Proportion of power saving when no data transmission

	Option 1
	-10
	-13
	-13
	-13
	N/A
	N/A
	N/A

	Option 3
	-10
	-13
	-16
	-16
	-16
	-16
	5%

	
	
	
	-19
	-19
	-14.3
	-14.3
	7.5%

	
	
	
	-22
	-22
	-13.6
	-13.6
	8.75%
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Figure 5: Throughput of 4Tx MIMO for different scheduled power settings
Figure 5 shows that the throughput with Option 3 is very similar to Option 1 under the same maximum power consumption. It can be observed that the throughput is reduced when S-CPICH2 and S-CPICH3 are configured below -19dB due to the low power of CPICHs used for channel sounding. In summary, Option 3 can have comparable performance with Option 1 when there is data transmission, and furthermore, it can reduce the total power consumption when no 4Tx MIMO UE is scheduled.
4. Conclusion
In this contribution performance of different pilot designs for 4-branch DL MIMO are evaluated: impact on legacy UEs through system simulations, and throughput of 4x4MIMO UEs through link simulations. 
From the simulation results, the following observations can be drawn:
Legacy UE performance: 
When the additional pilot power (total pilot power transmitted on antennas 3 and 4) is more than -19dB, legacy MIMO UEs would have an evident performance degradation.
4Tx MIMO UE performance:

Option 1 (only 4 common pilots): Throughput decreases with the reduced power configuration of S-CPICH2 and S-CPICH3 especially in high geometry.
Option 2 (4 common pilots + n dedicated pilots): Large throughput degradation is observed although there is a power saving when no 4Tx MIMO UE is scheduled or transmitting at lower ranks.
Option3 (4 common pilots and 2 scheduled common pilots): It has comparable performance with option 1 when there is a data transmission, and it can reduce the total power consumption when no 4Tx MIMO UE is scheduled.
Between the three options for pilot channel design, it seems that Option 3, similarly to Option 2, can provide a power saving respect to Option 1 when no 4Tx MIMO UE is scheduled, and outperforms Option 2 in terms of 4Tx MIMO UE throughput by obtaining similar performance to Option 1. 
Based on the simulation results so far, it is suggested that four common pilot channels, P-CPICH, S-CPICH1, S-CPICH2 and S-CPICH3, are used for channel sounding and their powers are fixed to -10dB, -13dB, -19dB, -19dB, respectively. Regarding the pilot channels to be used for demodulation, further studies on power consumption and throughput performance are needed.
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6. Appendix
Table 4: System Level Simulation Assumptions
	Parameters
	Assumption

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B 

	Inter-site distance
	500 m

	Carrier Frequency
	2000 MHz

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

	Penetration Loss
	10 dB

	Cell isolation
	0dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m

	Max BS Antenna Gain
	14 dBi 

	Antenna Pattern
	Case 1 (3GPP ant):                                                     
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                                           = 70 degrees,   Am= 20 dB                                                    

	Number of UEs/cell
	0.1,0.2,1,2

	Channel Model
	PA3

	Max cell Tx power (across all antennas)
	43dBm

	Power Balancing
	Not used

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

	HS-SCCH Power
	Set to -12dB with ideal HS-SCCH decoding, or 

Dynamically set to maintain ~1% HS-SCCH BLER; In this case, the details of the transmission of the HS-SCCH (e.g, STTD mode) shall be provided.

	Pilot Setting
	P-CPICH: -10 dB 

S-CPICH1: -13 dB

S-CPICH2:  -13 dB, -16 dB, -19 dB, -22 dB, -25 dB
S-CPICH3:  -13 dB, -16 dB, -19 dB, -22 dB, -25 dB

	HS-DPCCH 
	CQI bias is 0 and CQI estimation noise is Gaussian with 1 dB std
CQI Feedback Cycle = 1 TTI;
Error-free CQI and ACK decoding; 

	PCI/CQI Feedback delay
	12 slots

	Inter-cell Interference Structure
	Not used

	UE Antenna Gain
	0 dBi

	UE Noise Figure
	9 dB

	UE Capability
	15 SF16 codes capable

	UE Receiver Type
	MIMO UEs: Spatial-Temporal LMMSE receiver

	Other Sector Transmit Power
	OCNS=1, all other sectors always transmit at full power; 

	DL Timing
	Pilot and data transmission from all antennas are assumed to be synchronized

	UE Distribution 
	UEs are uniformly distributed

	Mixture of UEs
	100%  2*2 MIMO UEs, 

	Thermal Noise Density
	-174 dBm/Hz

	Traffic model
	Full buffer

	DL Scheduling
	Proportional fair

	Antenna imbalance [dB]
	0

	Tx Antenna Correlation
	0

	Rx Antenna Correlation
	


Table 5: Link Level Simulation Assumptions
	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	S-CPICH1 Ec/Ior
	-13dB

	S-CPICH2 Ec/Ior
	Specified following

	S-CPICH3 Ec/Ior
	Specified following

	Dedicated Pilot channel

P-DPICH

S-DPICH
	Specified following

	P-CCPCH_Ec/Ior
	-12dB

	SCH_Ec/Ior
	-12dB

	PICH_Ec/Ior
	-15dB

	HS-SCCH_Ec/Ior
	-12dB

	HS-PDSCH_Ec/Ior
	-2.7dB

	OCNS
	Necessary power so that total transmit power spectral density of Node B (Ior) adds to one

	Spreading factor for

HS-PDSCH
	16

	NodeB Power Balancing Network
	To be specified

	Modulation
	QPSK, 16-QAM, 64QAM

	TBS
	Variable

	Number of Transport Blocks
	4

	HSDPA Scheduling Algorithm
	CQI based

	Geometry
	[0 5 10 15 20 25]dB

	CQI Feedback Cycle
	1 TTI

	CQI feedback error
	0 %

	HS-DPCCH ACK/NACK feedback error
	0 %

	Maximum number of HS-DSCH codes
	15

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmissions
	4

	HARQ Combining
	Incremental Redundancy

	Redundancy and constellation version coding sequence
	{0,3,2,1} for QPSK

and 16-QAM 
{6,2,1,5} for 64 QAM

	Target Number of H-ARQ Transmissions
	1

	Residual BLER
	10% after 1 transmission

	Number of Rx Antennas
	2, 3, 4

	Channel Encoder
	3GPP Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	Precoding weight vector determination
	SNR maximizing

	Quantization of Precoding vector
	Quantized

	PCI/CQI Feedback delay
	12 slots

	Precoding Feedback error rate
	0, 2%

	Precoder update rate
	3 slots

	Propagation Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Spatial temporal LMMSE receiver

	Antenna imbalance [dB]
	0

	Tx Antenna Correlation
	0

	Rx Antenna Correlation
	0
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