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1 Introduction
Closed-loop transmit diversity has been approved as a work item at the RAN#50 plenary [1] and been discussed at the last two RAN1 meetings.  After RAN1 #64 it was recognized that additional simulations were required and it was agreed to provide simulation results and analysis before RAN1 #65 (see [2]).  A number of contributions were submitted over the HSPA reflector addressing the codebook and feedback requirements in the presence of antenna imbalance (see e.g. [3]-[7]).

In this contribution, we attempt to provide further insight in the choice of codebook by analyzing the impact of feedback errors on the performance.
2 Discussion
2.1 Methodology

Except where specified explicitly, the simulation assumptions for the results shown in this contribution are listed in Table 5 in the appendix at the end of the document; these assumptions are in line with the agreed simulation assumptions in [9].  
The purpose of this contribution is to investigate: 
1. If the codebook should use 2-bits or 3-bits, and 
2. Whether or not the codebook should include antenna switching (AS) entries. 
In this study, we looked at four different codebooks:
· 4 Phases only

· 2 Phases + 2 Antenna Switching (AS) Codewords

· 8 Phases only

· 6 Phases + 2 AS Codewords

We measured the Tx Ec/No and Rx Ec/No for each codebook across antenna imbalances of 0, -2, -4, -6, -8, -10dB and for PCI error rates of 0%, 2% and 4%.  The Tx Ec/No and Rx Ec/No gains were computed by measuring the change in Tx Ec/No and Rx Ec/No from the baseline case of no transmit diversity.  The feedback error to the PCI is applied per bit and the antenna imbalance is applied to the diversity transmit antenna.
2.2 Results and analysis
In this section, we present the results for no antenna imbalance and -10dB antenna imbalance.  Results for the other antenna imbalances cases can be found in the Appendix in Table 6 through Table 13.  

Table 1 and Table 2 show the Tx Ec/No and Rx Ec/No gains in a PA3 channel for antenna imbalances of 0dB and -10dB, respectively.  The Tx Ec/No and Rx Ec/No gains in VA30 for antenna imbalances of 0dB and -10dB are presented in Table 3 and Table 4.
Table 1.  Tx and Rx Ec/No (dB) gain in PA3 with 0dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	2.39
	2.40
	2.73
	2.52
	-0.07
	-0.06
	-0.02
	-0.01

	2%
	1.60
	2.07
	2.06
	2.19
	-0.78
	-0.31
	-0.51
	-0.29

	4%
	0.70
	1.84
	1.31
	1.87
	-1.59
	-0.49
	-1.12
	-0.54


Table 2.  Tx and Rx Ec/No (dB) gain in PA3 with -10dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	-0.24
	-1.26
	-0.28
	-1.13
	-0.09
	-0.08
	-0.15
	-0.04

	2%
	-0.46
	-1.34
	-0.45
	-1.31
	-0.21
	-0.12
	-0.21
	-0.16

	4%
	-0.76
	-1.51
	-0.76
	-1.52
	-0.39
	-0.24
	-0.36
	-0.23


Table 3.  Tx and Rx Ec/No (dB) gain in VA30 with 0dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	1.00
	0.94
	1.22
	0.93
	-0.12
	-0.18
	-0.08
	-0.26

	2%
	0.31
	0.73
	0.63
	0.74
	-0.74
	-0.34
	-0.59
	-0.42

	4%
	-0.33
	0.42
	0.10
	0.43
	-1.31
	-0.58
	-0.99
	-0.67


Table 4.  Tx and Rx Ec/No (dB) gain in VA30 with -10dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	-0.44
	-2.31
	-0.46
	-2.18
	-0.14
	-0.24
	-0.10
	-0.19

	2%
	-0.61
	-2.32
	-0.82
	-2.24
	-0.15
	-0.21
	-0.30
	-0.22

	4%
	-0.93
	-2.49
	-1.03
	-2.35
	-0.33
	-0.38
	-0.36
	-0.29


Observations – 2-bit vs. 3-bit codebooks:
From the tables in this contribution, we make the following observations when comparing the performance of 2-bit codebooks to 3-bit codebooks:

· For the 4 Phase vs. 8 Phase codebooks, both the Tx Ec/No gains and Rx Ec/No gains are within 0.2dB of each other across antenna imbalances and PCI error rates for PA3 and VA30 channels.
· For 2 Phase+AS vs. 6 Phase+AS:

· At low antenna imbalances, the 2 Phase+AS codebook performance degrades faster as the PCI error rate increases.

· At higher antenna imbalances, the 2 Phase+AS and 6 Phase+AS codebooks Tx Ec/No and Rx Ec/No gains are within 0.2dB of one another.  This is explained by the fact that the AS codewords at high imbalance are more likely to be chosen and thus the two codebooks are similar in that respect.
Observations – inclusion of the AS codewords:

We can make additional observations when comparing the performance of 2-bit codebooks with and without AS entries and 3-bit codebooks with and without AS entries:

· At low antenna imbalances:
· Tx Ec/No and Rx Ec/No gains for codebooks with AS entries decrease much faster than the same size phase only codebooks in both PA3 and VA30 channels

· The Rx Ec/No losses are very large (greater than 1dB) at 4% PCI error rate for both 2 Phase+AS and 6 Phase+AS codebooks

· At higher antenna imbalances

· The phase only codebooks have large Tx Ec/No losses for all PCI error rates; greater than 1dB in PA3 and greater than 2dB in VA30.  However, the Tx Ec/No losses do not increase much with PCI error rate.

· The AS codebooks show between 0.75 and 1.5 less Tx Ec/No loss compared to the phase only codebooks.  As the PCI error rate increases, the Tx Ec/No losses for the AS codebooks can increase by 0.5dB.  
· The Rx Ec/No losses are similar (within 0.2dB) between the AS codebooks and the phase only codebooks.

Summary:
From the simulation results presented in this contribution, we first conclude that two bits should be sufficient for the CLTD codebook and a 3-bit codebook does not offer significant gains.  
Proposal 1: A 2-bits codebook is used for UL CLTD.

Further, adding the AS codewords to the codebook improves performance compared to the phase only codebooks at higher antenna imbalances; however this gain disappears in the presence of PCI errors.  It appears more appropriate to use the switch antenna approach in a context where signaling errors can be avoided (e.g. using HS-SCCH orders).
Proposal 2: Support for antenna switching (or amplitude) is supplied via robust downlink signaling (e.g. HS-SCCH orders).

Proposal 3: The 4 phase, 2-bits codebook is used for UL CLTD. 

3 Conclusion
In this contributions we analyze the performance of 4 codebook in the presence of PCI feedback errors and conclude that a 2-bit codebook is sufficient and that while the AS codewords provide gains at large antenna imbalances but suffer performance degradation in the presence of PCI errors.  We propose the following:
Proposal 1: A 2-bits codebook is used for UL CLTD

Proposal 2: Support for antenna switching (or amplitude) is supplied via robust downlink signaling (e.g. HS-SCCH orders)

Proposal 3: The 4 phase, 2-bits codebook is used for UL CLTD. 
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5 Appendix
5.1 Simulation assumptions
Table 5.  Link simulation parameters

	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	TBS2020: QPSK

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

	20*log10(βed/βc) [dB]
	TBS2020: 9

	20*log10(βec/βc) [dB]
	TBS2020: 2

	20*log10(βhs/βc) [dB]
	2

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

	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

	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)

	S-DPCCH Slot Format
	1 (8 Pilot)

	Channel Estimation
	Realistic

	Compensation of phase discontinuity
	Channel Synthesis

	Channel Estimation Averaging 
(data demodulation)
	3 slots

	Channel Estimation Averaging 
(CLTD weight generation)
	3 slots

	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
	TBS2020: RAKE 

	Antenna imbalance [dB]
	{0, -2, -4, -6, -8,-10} applied to secondary antenna

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	PCI update rate
	1 slot

	PCI feedback delay
	2 slot


5.2 Results for antenna imbalances of -2, -4, -6 and -8dB
Table 6.  Tx and Rx Ec/No (dB) gain in PA3 with -2dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	1.46
	1.43
	1.81
	1.50
	-0.09
	-0.07
	-0.01
	-0.07

	2%
	0.81
	1.09
	1.18
	1.31
	-0.64
	-0.34
	-0.46
	-0.22

	4%
	0.12
	1.05
	0.63
	0.92
	-1.24
	-0.32
	-0.88
	-0.51


Table 7.  Tx and Rx Ec/No (dB) gain in PA3 with -4dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	0.77
	0.59
	0.99
	0.58
	-0.07
	-0.06
	-0.09
	-0.13

	2%
	0.25
	0.39
	0.55
	0.44
	-0.48
	-0.22
	-0.37
	-0.23

	4%
	-0.21
	0.11
	0.08
	0.23
	-0.88
	-0.42
	-0.67
	-0.37


Table 8.  Tx and Rx Ec/No (dB) gain in PA3 with -6dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	0.29
	-0.12
	0.55
	0.03
	-0.07
	-0.06
	0.00
	-0.01

	2%
	-0.13
	-0.34
	0.07
	-0.31
	-0.40
	-0.22
	-0.30
	-0.24

	4%
	-0.59
	-0.50
	-0.27
	-0.49
	-0.74
	-0.32
	-0.50
	-0.34


Table 9.  Tx and Rx Ec/No (dB) gain in PA3 with -8dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	0.05
	-0.81
	0.10
	-0.70
	0.00
	-0.14
	-0.03
	-0.11

	2%
	-0.35
	-0.93
	-0.33
	-0.77
	-0.30
	-0.22
	-0.33
	-0.13

	4%
	-0.62
	-1.09
	-0.56
	-1.02
	-0.47
	-0.30
	-0.40
	-0.30


Table 10.  Tx and Rx Ec/No (dB) gain in VA30 with -2dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	0.21
	0.02
	0.37
	0.10
	-0.12
	-0.17
	-0.07
	-0.17

	2%
	-0.31
	-0.17
	-0.02
	-0.13
	-0.55
	-0.34
	-0.39
	-0.35

	4%
	-0.84
	-0.35
	-0.44
	-0.41
	-1.04
	-0.48
	-0.73
	-0.56


Table 11.  Tx and Rx Ec/No (dB) gain in VA30 with -4dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	-0.33
	-0.87
	-0.17
	-0.70
	-0.19
	-0.23
	-0.13
	-0.21

	2%
	-0.54
	-0.95
	-0.50
	-0.85
	-0.37
	-0.29
	-0.36
	-0.32

	4%
	-0.89
	-1.08
	-0.73
	-1.02
	-0.64
	-0.37
	-0.53
	-0.45


Table 12.  Tx and Rx Ec/No (dB) gain in VA30 with -6dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	-0.44
	-1.42
	-0.52
	-1.37
	-0.17
	-0.22
	-0.22
	-0.22

	2%
	-0.64
	-1.61
	-0.68
	-1.49
	-0.29
	-0.36
	-0.29
	-0.29

	4%
	-0.91
	-1.69
	-1.05
	-1.69
	-0.43
	-0.41
	-0.53
	-0.41


Table 13.  Tx and Rx Ec/No (dB) gain in VA30 with -8dB Antenna Imbalance

	PCI Errors
	Tx Ec/No (dB) gain
	Rx Ec/No (dB) gain

	
	2ph+AS
	4ph
	6ph+AS
	8ph
	2ph+AS
	4ph
	6ph+AS
	8ph

	0%
	-0.42
	-1.92
	-0.62
	-1.85
	-0.07
	-0.22
	-0.23
	-0.21

	2%
	-0.71
	-1.91
	-0.76
	-1.98
	-0.28
	-0.18
	-0.24
	-0.29

	4%
	-0.96
	-2.02
	-0.99
	-2.10
	-0.40
	-0.26
	-0.38
	-0.41


