Page 1



3GPP TSG-RAN WG1 Meeting #64 
R1-110991
Taipei, 21st - 25th February 2011
Agenda item:

5.2.4
Source:
Huawei, HiSilicon
Title:
Link-level performance evaluation of different UL pilot schemes
Document for:

Discussion

1. Introduction

At RAN#50 meeting, a work item on closed loop transmit diversity (CLTD) was agreed [1] and at RAN1#63bis, three potential schemes of CLTD have been provided and analyzed [3][4][5], which differ in the underlying pilot channel structure. At this meeting the work assumption for DPCCH structure was agreed as follows:
- DPCCH has the same precoding vector as control and data channels
- S-DPCCH has the orthogonal precoding vector. 
However, it was noted that the performance with regard to the other schemes should be checked with link level evaluations.

This document provides link level performance results and a comparison of the different CLTD schemes according to the agreed link level simulation parameters in [2].
2. Receiver Compensation
As described in [7], the channel estimated by the channel estimation algorithm, is the combined channel Hw in the pre-coded pilot schemes instead of the pure channel H in the non pre-coded pilot schemes. The time-variation of w may lead to a phase discontinuity which disturbs the channel estimation filter and leads channel estimation losses. Therefore a compensation of the phase discontinuity should be considered for an un-losing performance.
In the pre-coded pilot scheme a received pilot symbol is
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, where p is the transmitted pilot symbol, H is channel matrix, w is the pre-coding vector, and n is the thermal noise in a symbol. In the compensated channel estimation the precoding w which is known from the last TTI is firstly compensated. The equation for the compensated received signal is then:
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From this compensated signal the pure channel matrix H can then be estimated.

3. Simulation Results
The following sub-sections present performance gains over the baseline single-antenna transmission technique for the genie and practical CLTD, where
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At the same time, a comparison of the three CLTD schemes is provided for PA3 and VA30 wireless channels. Furthermore, we provide a comparison between the compensated and non compensated channel estimation for scheme2 and scheme3 in practical conditions.
The simulation parameters are provided in appendix of this document. More information about the definition of feedback delay, correlation and imbalance etc can be found in documents [2] and [6]. 

3.1 Genie performance
Table 1 genie performance (TBS=2020)
	Channel
	Operation point
	Scheme1
	Scheme2
	Scheme3

	
	
	Rx gain
	Tx gain
	Rx gain
	Tx gain
	Rx gain
	Tx gain

	PA3
	1%
	0.1
	3.0
	0.1
	3.0
	0.2
	3.0

	VA30
	1%
	0.2
	2.0
	-0.2
	1.5
	-0.1
	1.5


Table 2 genie performance (TBS=16218)

	Channel
	Operation point
	Scheme1
	Scheme2
	Scheme3

	
	
	Rx gain
	Tx gain
	Rx gain
	Tx gain
	Rx gain
	Tx gain

	PA3
	30%
	0.2
	3.3
	0.1
	2.9
	0.2
	3.0


3.2 Practical performance
Table 3 practical performance (TBS=2020; non-compensated)
	Channel
	Operation point
	Scheme1
	Scheme2
	Scheme3

	
	
	Rx gain
	Tx gain
	Rx gain
	Tx gain
	Rx gain
	Tx gain

	PA3
	1%
	-0.1
	2.1
	-0.3
	1.7
	-0.4
	1.8

	VA30
	1%
	0.0
	1.0
	-0.7
	-0.1
	-0.9
	-0.2


Table 4 practical performance (TBS=2020; compensated)

	Channel
	Operation point
	
	Scheme2
	Scheme3

	
	
	
	
	Rx gain
	Tx gain
	Rx gain
	Tx gain

	PA3
	1%
	
	
	-0.2
	1.9
	-0.1
	2.0

	VA30
	1%
	
	
	-0.1
	0.9
	-0.2
	0.8


Table 5 practical performance (TBS=16218; non-compensated)

	Channel
	Operation point
	Scheme1
	Scheme2
	Scheme3

	
	
	Rx gain
	Tx gain
	Rx gain
	Tx gain
	Rx gain
	Tx gain

	PA3
	30%
	0.0
	2.5
	-1.0
	1.2
	-1.0
	1.0


Table 6 practical performance (TBS=16218; non-compensated; for Scheme 3, S-DPCCH/DPCCH=-3dB)

	Channel
	Operation point
	Scheme1
	Scheme2
	Scheme3

	
	
	Rx gain
	Tx gain
	Rx gain
	Tx gain
	Rx gain
	Tx gain

	PA3
	30%
	0.0
	2.5
	-1.0
	1.2
	-1.4
	0.5


Table 7 practical performance (TBS=16218; compensated)
	Channel
	Operation point
	
	Scheme2
	Scheme3

	
	
	
	
	Rx gain
	Tx gain
	Rx gain
	Tx gain

	PA3
	30%
	
	
	-0.1
	1.7
	0.0
	1.8


4. Conclusions
In this document we presented the performance gains and the comparison results of different CLTD schemes according to the agreed link level simulation parameters. The summary is presented as follows:
· For the genie algorithm, UL CLTD can provide significant Tx gains for different UL pilot schemes, 3dB Tx gain for the PA3 channel and 1.5dB to 2dB for the VA30 channel in the case of TBS=2020. For TBS=16218, we can also observe around 3dB gain for the PA3 channel. There is a slight Rx gain for the non-pre-coded pilot scheme whereas negative gains for both pre-coded pilot schemes.

· For the practical algorithm, if there is no compensation for the phase discontinuity, in case of TBS=2020, we can see 1.7 to 2.1 dB TX gains for the PA3 channel. However, even though 1.0dB Tx gain can be achieved from the non-pre-coded pilot scheme for the VA30 channel, there are 0.1dB to 0.2dB loss observed for the pre-coded pilot scheme. In case of TBS=16218, 1.0dB to 1.2dB Tx gain can be achieved for the pre-coded pilot scheme, and the non-pre-coded pilot scheme can even reach 2.5dB Tx gain. Moreover, no Rx gain is observed for any case and Rx loss is quite significant for TBS=16218.
· UL CLTD gains are less in the VA30 channel than in the PA3 channel, which is mainly due to the higher velocity and more multipaths. 
· Generally, both pre-coded pilot scheme options for UL CLTD can achieve similar performance. The non pre-coded pilot scheme has larger gains than pre-coded pilot scheme for almost all scenarios. The difference is 0.2dB to 1.3dB. It can be deduced from these results that the phase discontinuity brings a severe influence on the performance. 
· If compensation of the phase discontinuity is applied for the channel estimation of pre-coded pilot schemes, there is about 1dB increase of the Tx gain and 0.6dB or 0.7dB advantage on Rx gain for the VA30 channel in case of TBS2020 compared with the non-compensated results, which brings the gains close to the non-pre-coded pilot scheme. And, for TBS16218, it can also achieve more than 0.5 dB additional Tx gain and nearly 1dB advantage on Rx gain for the PA3 channel. Hence, the compensation of phase discontinuity should be introduced for pre-coded pilot CLTD schemes.
· If power reduction is used for the S-DPCCH in scheme 3, we see quite important performance degradation due to the inaccuracies in the pre-coding vector estimation.
5. Appendix
Table 1 link level simulation parameters
	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020
16218

	Modulation
	TBS2020: QPSK
TBS16218: 16QAM

	Number of physical data channels and spreading factor
	TBS2020: 2xSF2
TBS16218: 2xSF2+2xSF4

	20*log10(βed/βc) [dB]
	TBS2020: 9
TBS16218: 10 (Non E-DPCCH boosting)

	20*log10(βec/βc) [dB]
	TBS2020: 2
TBS16218: 2 (Non E-DPCCH boosting)

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	0, -3

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	TBS2020: 1 % Residual BLER after 4 H-ARQ attempts

TBS16218: 30 % BLER after 1 H-ARQ attempt

	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
	Realistic

	Compensation of phase discontinuity
	Compensation/non- Compensation

	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)
	0

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	TBS2020: RAKE 
TBS16218: LMMSE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size
	4 (Same as HSDPA MIMO)

	CLTD Feedback Error Rate
	Ideal

	CLTD Feedback Update Rate
	1

	CLTD Feedback Delay
	3
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