
3GPP TSG RAN WG1 Meeting #64                                                      R1-110662
Taipei, Taiwan, 21st-25th February 2011
Source:
Qualcomm Incorporated
Title:
Link Analysis of Pilot structures for UL CLTD
Agenda item:
5.2.3
Document for:
Discussion and Decision
1. Introduction

In TSG RAN#50, a work item [1] was opened to investigate the performance of uplink transmit diversity techniques (ULTD). For uplink closed loop transmit diversity (CLTD), there are several possible designs for the pilot channels structure [2]. The working assumption is the precoded pilot structure [3].
In this contribution, we further evaluate the performance of the precoded pilot channels structure and the pseudo-precoded pilot structure. Comparison is made and some remarks are provided.
2. Pilot Channels Structures
2.1. Precoded Pilot channels structure
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Figure 2‑1: A precoded pilot channels structure
DPCCH1 is precoded with the stronger beamforming weight vector 
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where 
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, and the beamforming phase is denoted by [image: image5.wmf]1

2

q

q

-



. The scaled secondary pilot channel (α<=1) is precoded with the weaker orthogonal weight vector:
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Other control channels and data channels are precoded with the stronger beamforming weight vector as well. 
2.2. Pseudo-precoded pilot channels structure 
Details for this design can be found in [2] and [3]. Both DPCCH1 and DPCCH2 are transmitted on one physical UE antenna, but each is multiplied by an element of the beamforming weight vector. 

3. Link Simulation 

Theoretical analysis in [2] sheds some light on these two pilot structures. In this paper, we further evaluate their performance. We follow the simulation assumptions outlined in [3] (refer to Appendix A, B). Some additional assumptions include:
1. One bit recursive feedback scheme (one bit every slot) is used (beamforming phase resolution is 90 degree)

2. Feedback error for each beamforming phase information bit is 4%
3. Feedback delay for the beamforming phase is 3 slots.

4. Beamforming implementation is either asymmetric (phase of the first element of the beamforming vector is always 0) or enhanced symmetric [6]

5. The scaling factor for the power of the 2nd pilot DPCCH2 is α=1 or α=0.7

Performance metrics include the total received chip SNR (Rx Ec/No), and the total transmitted chip SNR (Tx Ec/No).

3.1. TBS=2020 bit, Asymmetric Beamforming Implementation 

Table 1: TBS 2020 bit, Asymmetric, PedA 3 km/h
	
	Precoded Pilot

(α=0.7)
	Precoded Pilot

(α=1)
	Pseudo-Precoded Pilot

	Rx Ec/No (dB)
	-7.02
	-7.06
	-7.0

	Tx Ec/No (dB)
	-10.23
	-10.23
	-10.15


Table 2: TBS 2020 bit,  Asymmetric, VehA 30 km/h
	
	Precoded Pilot

(α=0.7)
	Precoded Pilot

(α=1)
	Pseudo-Precoded Pilot

	Rx Ec/No (dB)
	-4.99
	-4.95
	-4.99

	Tx Ec/No (dB)
	-8.19
	-8.13
	-8.16


From the comparison above, we can see the performance of these two pilot structures are comparable in the case of TBS=2020 bit and asymmetric implementation.

3.2. TBS=2020 bit, Enhanced Symmetric Beamforming Implementation 

Table 3:TBS 2020 bit, Enhanced Symmetric, PedA 3 km/h
	
	Precoded Pilot

(α=0.7)
	Precoded Pilot

(α=1)
	Pseudo-Precoded Pilot

	Rx Ec/No (dB)
	-7.32
	-7.29
	-7.32

	Tx Ec/No (dB)
	-10.5
	-10.42
	-10.45


Table 4: TBS 2020 bit, Enhanced Symmetric, VehA 30 km/h
	
	Precoded Pilot

(α=0.7)
	Precoded Pilot

(α=1)
	Pseudo-Precoded Pilot

	Rx Ec/No (dB)
	-5.38
	-5.25
	-5.21

	Tx Ec/No (dB)
	-8.57
	-8.42
	-8.38


From the comparison above, we can see the performance of precoded pilot channels structure with α=0.7  is slightly better than  that of the pseudo-precoded pilot channels structure in the case of TBS=2020 bit and enhanced symmetric implementation.

3.3. TBS=307 bit, Symmetric Beamforming Implementation 

The motivation for introducing the power scaling of the secondary pilot is to reduce the secondary pilot overhead while maintaining sufficient SNR for the beamforming weight determination. It’s obvious that such effect shall become more significant when the data to pilot power ratio (T2P) is low. For that end, we simulate the performance of these two schemes with TBS 307 bit and T2P 3 dB. Only enhanced symmetric implementation result is shown below since this technique significantly reduces the Rx loss [6].
Table 5:  TBS 307 bit, Enhanced Symmetric, PedA 3 km/h
	
	Precoded Pilot

(α=0.7)
	Precoded Pilot

(α=1)
	Pseudo-Precoded Pilot

	Rx Ec/No (dB)
	-11.7
	N/A
	-11.51

	Tx Ec/No (dB)
	-14.81
	N/A
	-14.55


Table 6: TBS 307 bit, Enhanced Symmetric, VehA 30 km/h
	
	Precoded Pilot

(α=0.7)
	Precoded Pilot

(α=1)
	Pseudo-Precoded Pilot

	Rx Ec/No (dB)
	-9.79
	N/A
	-9.48

	Tx Ec/No (dB)
	-13.01
	N/A
	-12.69


From these two tables of results, we can see some non-negligible gain of precoded structure over the pseudo-precoded structure.

4. Conclusions

In this paper, we provide link simulation results for both the precoded and pseudo-precoded pilot channels structures. From the comparison, we can observe that
1. With the enhanced symmetric implementation, the precoded pilot channels structure provides some performance gain over the pseudo-precoded pilot channels structure, especially for small payload with low T2P.

2. With the asymmetric beamforming implementation (phase of the first element of the beamforming weight vector is always zero), for the TBS=2020 bit, the performance of these two pilot channels structures are very close.

Overall, based on both the link simulation comparison and consideration on the system impact (e.g. [2]), we believe the precoded pilot channel structure should be the design for CLTD.
. 
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6. Annex A

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	1 % Residual BLER after 4 H-ARQ attempts

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation for data demodulation
	Non-causal 4-slot with filter weights 
[0.4 0.3 0.2 0.1]

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4 %

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	RAKE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


7. Annex B

The multipath channel delay profiles and associated finger allocations are shown below for:

ITU Pedestrian A Speed 3km/h (PA3)
	Relative Mean Power [dB]
	0
	-9.7
	-19.2
	-22.8

	Relative Delay [ns]
	0
	110
	190
	410

	Relative Delay [Tc/8]
	0
	3
	6
	13

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	8
	Not Assigned
	Not Assigned


ITU Vehicular A Speed 30km/h (VA30)
	Relative Mean Power [dB]
	0
	-1.0
	-9.0
	-10.0
	-15.0
	-20.0

	Relative Delay [ns]
	0
	310
	710
	1090
	1730
	2510

	Relative Delay [Tc/8]
	0
	10
	22
	33
	53
	77

	Fingers Assigned for the purpose of CE [Tc/8]
	0
	8
	20
	32
	Not Assigned
	Not Assigned
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