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1. Introduction

In RAN1#68bis, the following agreements were made w.r.t. pilot design AI:
Gating is not applied to common pilots

Pilot options to be considered for evaluations until the next meeting:

1) Common pilots only

2) Common pilots + CDM based dedicated pilots

3) Common pilots + scheduled common pilots

And the following issues need to be considered:

· Performance/overhead trade-off

· Legacy UE impact
· Future compatibility
In this contribution, we discuss and compare those 3 options in detail. It can be noted that Option 3 is more preferable when considering both performance and impact to legacy UE. 
2. General Discussion
Currently, there are 3 pilot design options:

Option 1: 4 common pilots only

Option 2: 4 common pilots + N CDM dedicated pilots

Option 3: 4 common pilots + 2 scheduled common pilots

In the current release, there are only 2 common pilots. For channel estimation purposes, Option 1 adds 2 more common pilots, S-CPICH2 and S-CPICH3. In order to support data demodulation, the power for S-CPICH2 and S-CPICH3 cannot be low. This however brings significant performance degradation to legacy UEs, as the system level simulations indicated in [1]

 REF _Ref323908572 \r \h 
[2].

Option 2 reduces the power of S-CPICH2 and S-CPICH3, and adds CDM dedicated pilots. Common pilots are solely used for channel sounding, while dedicated pilots are solely used for data demodulation. In this way, when there is no 4x MIMO UE, interference to legacy UEs is alleviated because common pilot power is low.
Option 3 also reduces the power of S-CPICH2 and S-CPICH3, but it adds 2 more scheduled pilots S-CPICH4 and S-CPICH5. In this scheme, P-CPICH, S-CPICH1, S-CPICH2 and S-CPICH3 are used for channel sounding. All pilots are used for data demodulation. 
There are 3 basic issues to be considered in pilot design: pilot interference to legacy UEs, channel estimation for PCI/CQI/RI, a.k.a. channel sounding, and channel estimation for data demodulation. We will discuss all options with these considerations in detail. 

3. Further Considerations on Pilot Design 
Table 1 is an example for pilot configurations of 3 options [3]. Our analysis will be based on this example. Same analysis can be applied to other configurations.

Table 1 Power Configuration Example

	Pilot Channel
	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
	


· Option 1

Option 1 introduces 2 new common pilot channels S-CPICH2 and S-CPICH3 for both channel sounding and data demodulation. Power allocation for the new pilot channels can be specified in the specs. The network needs to inform each UE explicitly the PCI information. 
The advantage of Option 1 is that only 2 more channels need to be introduced. Take Table 1 for example. S-CPICH2 and S-CPICH3 are set to -13 dB each to achieve a certain data demodulation performance. In this case, even if there is no 4x MIMO UE, total pilot power is as high as -6 dB, which brings significant performance degradation to legacy UEs [1]

 REF _Ref323908572 \r \h 
[2]. In order to mitigate such interference when there is no 4x MIMO UE, it is recommended to limit the power of S-CPICH2 and S-CPICH3 to -19 dB each [1]

 REF _Ref323908572 \r \h 
[2]. Such power configuration is sufficient for channel sounding, but insufficient for data demodulation.
· Option 2
Option 2 introduces 2 new common pilot channels S-CPICH2 and S-CPICH3 for channel sounding. Since pilot power for channel sounding can be as low as -19 dB, little interference to legacy UE is introduced by S-CPICH2 and S-CPICH3 when there is no 4x MIMO UE. At most 4 dedicated pilot channels are used for data demodulation for each 4x MIMO UE. Since the number of dedicated pilots is flexible, it is the network to determine code allocation, and the network needs to inform each 4x MIMO UE the code allocation. The network does not need to inform PCI explicitly because dedicated pilot channels are precoded with the same weights as the data channel.

The advantage of Option 2 is that interference to legacy UE can be mitigated when there is no 4x4 MIMO UE. The drawbacks of this design are:

· Insufficient pilot power for data demodulation. Simulation results in [1]

 REF _Ref323908572 \r \h 
[2]

 REF _Ref323912315 \r \h 
[3] have shown that if pilot power is insufficient, there will be significant performance degradation for 4x MIMO. Take the power configuration in Table 1 for example. When 4x MIMO UE is scheduled, total pilot power is -6 dB. However, Option 1 and Option 3 can fully utilize all pilots for data demodulation, while Option 2 can only use -11.2 dB. This gap is significant, and can be even more when multiple UEs are scheduled. Throughput comparison for 1 4x MIMO UE case is plotted in Appendix. 
· Dedicated pilot’s code and power cannot be shared among different 4x MIMO UEs. The number of available code resources and power consumption may limit the performance when multiple 4x MIMO UEs need to be scheduled. 
· The network needs to inform code and power assigned to each UE individually when multiple 4x MIMO UEs are scheduled.
· Option 3

Option 3 introduces 2 new common pilot channels S-CPICH2 and S-CPICH3 for channel sounding, and 2 new scheduled pilot channels S-CPICH4 and S-CPICH5 for data demodulation. Since scheduled pilot channels are common for all UEs, code allocation for the scheduled pilot channels can be specified in the specs. Power allocation for the common pilot channels can be low while for the scheduled pilot channels can be high. The scheduled pilot channels are transmitted only when 4x MIMO UE is scheduled. The network needs to inform each UE explicitly the PCI information.

The major advantages of Option 3 over Option 1 are:

· Interference to legacy UE can be mitigated when no 4x MIMO UE is scheduled.
· Pilot power can be saved when no 4x MIMO UE is scheduled.

The major advantages of Option 3 over Option 2 are:

· Only 2 additional codes are needed when 4x MIMO UE is scheduled. Option 2, however, requires up to 4 additional codes for each 4x MIMO UE.
· All common pilots and scheduled pilots can be used for channel estimation when data demodulation is needed. As expected, simulation results in [3] (and reported also in the Appendix) shows that throughput of Option 3 is similar to Option 1. 
· All common pilots and scheduled pilots can be used for all multiple 4x MIMO UEs without additional code resource and power.

4. Conclusions
According to the above analysis, we recommend adopting the common + scheduled option as the 4x MIMO pilot design. Compared with the common only option, it generates much less interference to legacy UEs. Compared with the common + dedicated option, it has better 4x MIMO performance and may consume less code resource. We propose to adopt the common + scheduled design option as the 4x MIMO pilot design.
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6. Appendix
System level simulation results in [1]:
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Figure 1: Average UE throughput and cell throughput for different CPICH power settings

Link level simulation results in [3]:
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Figure 2: Throughput of 4Tx MIMO for different pilot design of data demodulation

Table 2: 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 3: Link Level Simulation Assumptions
	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	S-CPICH1 Ec/Ior
	-13dB

	S-CPICH2 Ec/Ior
	Various

	S-CPICH3 Ec/Ior
	Various

	Dedicated Pilot channel

P-DPICH

S-DPICH
	Various

	P-CCPCH_Ec/Ior
	-12dB

	SCH_Ec/Ior
	-12dB

	PICH_Ec/Ior
	-15dB

	HS-SCCH_Ec/Ior
	-12dB

	HS-PDSCH_Ec/Ior
	-2.7dB/Flexible

	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


� EMBED Equation.3  ���
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