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1. Introduction

In previous meetings, the introduction of 3rd and 4th common pilot channels for CSI estimation was agreed, and pilot design for demodulation is still open for discussion. In this paper, we give some considerations and performance comparisons for pilot design for demodulation. 
2. Pilot structure
· Option 1: Common pilots for demodulation
4 common pilots transmitted for both CSI and data demodulation.
· Option 2: CDM based dedicated pilots for demodulation
4 common pilots + n dedicated pilots are transmitted, where n is the number of layers. Common pilots are used for CSI and dedicated pilots used for data demodulation. In this method of demodulation, dedicated pilot channels (DPICHs) are transmitted with the same pre-coding weights with HS-PDSCHs, so PCI is not need to transmit to UE.
· Option 3: Common pilots and scheduled common pilots for demodulation
4 common pilots used for CSI, and reuse those 4 common pilots and additional 2 scheduled common pilots for data demodulation. This method of scheduled common pilots had been discussed in [3]. 
3. Simulations
In [3], system simulations on the impact on legacy UEs show that 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. And with the pilot design of only 4 common pilots, the throughput of 4x4 MIMO UEs decreases with the reduced power configuration of S-CPICH2 and S-CPICH3 especially in high geometry. So the performance of 4 common pilots (Option 1) is only presented as a baseline here. 
Also in [3], initial simulation results were presented with different power settings of dedicated pilots and scheduled common pilots. In this section, in order to assess the link throughput of Option 2 and Option 3 associated with the different ranks, we present additional simulation results assuming that for each rank the same transmitted power is allocated to pilots in both options. Other simulation assumptions are listed in Table 2 in the Appendix.
In order to compare Option 2 and Option 3, equal total transmitted power is fixed at the different ranks for both options. Table 1 illustrates the power settings in the different cases.
Table 1: Power settings
	Power Settings
	Option 1
	Option 2
	Option 3

	P-CPICH Ec/Ior (dB)
	-10
	-10
	-10

	S-CPICH1 Ec/Ior (dB)
	-13
	-13
	-13

	S-CPICH2 Ec/Ior (dB)
	-13
	-19
	-19

	S-CPICH3 Ec/Ior (dB)
	-13
	-19
	-19

	S-CPICH4 Ec/Ior (dB)
	N/A
	N/A
	-14.3

	S-CPICH5 Ec/Ior (dB)
	
	
	-14.3

	Every Dedicated pilot channel (DPICH) Ec/Ior (dB) with different rank
	Rank1
	N/A
	-11.2
	N/A

	
	Rank2
	
	-14.3
	

	
	Rank3
	
	-16
	

	
	Rank4
	
	-17.3
	


Note: it is assumed fixed amount of total dedicated pilot is allocated. All the reserved power from S-CPICH2 and S-CPICH3 are configured to different ranks of dedicated pilot. 
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Figure 1: Throughput of 4Tx MIMO for different pilot design of data demodulation
Figure 1 shows that the throughput with Option 2 has a significant degradation up to 15% occurs in high geometry compared with Option 1 and Option 3. In low geometry, the loss is much smaller. Since in high geometry rank 3 and 4 will be the most likely choices for data transmission, for those ranks the power of each dedicated pilots is reduced, due to the degradation in data demodulation performance.
It can also be observed that the throughput with Option 3 is very similar to Option 1 under the same total power consumption. In addition when there is no data scheduled, there is no need to transmit S-CPICH4 and S-CPICH5, so power saving can be achieved compared with Option 1.
4. Conclusion
In this contribution performance of different pilot designs for data demodulation in 4-branch DL MIMO are evaluated, with throughput of 4x4MIMO UEs through link simulations. From the simulation results, Option 1 (Common pilots for demodulation) and Option 3 (Scheduled common pilots for demodulation) have similar performance, and Option 3 can provide a power saving respect to Option 1. Option 2 (CDM based dedicated pilots for demodulation) has larger throughput degradation in high geometry.
5. References

[1] RP-111393, 4Tx-HSDPA
[2] R1-114365, Simulation Assumptions for Four Branch MIMO Transmission for HSPA, QUALCOMM Incorporated, Ericsson, ST-Ericsson, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[3] R1-120687, Further Considerations and Simulations for Pilot Design, Huawei, HiSilicon
6. Appendix
Table 2: 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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