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1 Introduction
At RAN#50 meeting, a new work item proposal on uplink transmit diversity for HSPA was approved [1]. At the last meeting in Dublin, link level simulation assumptions were agreed in [2], and it was further recommended that RAN1 attempt to determine the feedback requirements at RAN1 #64.


This contribution compares the UL CLTD performance between phase-only and phase + amplitude codebook, and also studies the impact of varying the S-DPCCH power offset.

2 Link Layer Analysis
Simulation Settings
The simulation parameters are shown in Appendix A and follow the simulation assumptions in [2].  The default UL CLTD parameters are as shown in Table 1, except where they are specifically specified.

Table 1
UL CLTD Default Parameters
	Parameter Name
	Parameter Value

	Codebook
	Size
	4,8

	
	Type
	Phase only

	PCI Feedback

	Error rate
	0% (ideal)

	
	Update rate
	3 slots

	
	Delay
	2 slots

	Phase Implementation
	Asymmetric

	Channel estimation for weight determination
	Filtered over 1 slot

	Channel models
	ITU PA3, VA30 as in [1]

	Rake fingers
	Ideal (one finger per channel tap)


Amplitude/Phase versus Phase-only codebook
In this section we examine the need for an amplitude bit with the codebook.  The phase-only codebooks assume equal amplitude [i.e. [image: image2.png](1/V2, 1/V2



)] with a set of uniformly distributed phase offsets.  As suggested in [3], the phase and amplitude codebooks have the same set of uniformly distributed phase offsets as the phase-only codebook with the addition of two  amplitude value pairs [(0.5, 0.87) and (0.87, 0.5)].  
Table 2
Tx Ec/No and Rx Ec/No gains for phase-only codebooks and 1-bit amplitude with phase codebooks

	 
	 
	4-phases codebook
	8-phases codebook

	
	
	Phase only
	Phase + 1-bit Amplitude
	Phase only
	Phase + 1-bit Amplitude

	PA3
	Delta Tx Ec/No (dB)
	2.25
	2.29
	2.39
	2.41

	
	Delta Rx Ec/No (dB)
	-0.20
	-0.14
	-0.11
	-0.11


Observations:

· The codebooks with 1 amplitude bit have marginal Tx Ec/No gains over the corresponding phase only codebooks.
· The Rx Ec/No losses are less than 0.1dB better for the amplitude bit codebooks than the phase only codebooks.
S-DPCCH Power Offsets

Previous contribution [4] studied reduction of the S-DPCCH overhead without phase compensation.  In this contribution phase compensation is enabled and the effect of the S-DPCCH power offset is studied with a granularity of 1.5dB. Figure 1 and Figure 2 show the Tx Ec/No and Rx Ec/No gains for phase-only codebook sizes 4 and 8 under varying S-DPCCH power offsets.
[image: image3.wmf]-
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Figure 1: Tx Ec/No Gain [dB] versus S-DPCCH power offset for phase-only codebook sizes of 4 and 8 with a UL CLTD update rate of 3 slots in a PA3 multi-path fading channel
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Figure 2: Rx Ec/No Gain [dB] versus S-DPCCH power offset for phase-only codebook sizes of 4 and 8 with a UL CLTD update rate of 3 slots in a PA3 multi-path fading channel
Observations:
· In PA3 there is an optimal operating point near the S-DPCCH power offset of -1.5dB.  This optimal point may be explained as follows:

· S-DPCCH power offset values below this point result in poorer channel estimates for UL CLTD weight generation and hence lower Tx Ec/No gains.
· S-DPCCH power offset values above this point allocated too much power to the S-DPCCH thereby reducing the overall Tx Ec/No gains.
· The Rx Ec/No improves slightly with lower power on the S-DPCCH.  
3 Conclusions
In this contribution we investigated adding an amplitude bit to the UL CLTD codebook and the impact of lowering the S-DPCCH power offset.  The simulation results have shown the following:

· In PA3 the amplitude bit has no significant impact on the Tx Ec/No gains or Rx Ec/No losses.

· An optimal S-DPCCH power offset exists between 0 and -3 dB which will increase the Tx Ec/No gain.
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5 Appendix

Table 3
Link simulation parameters.

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, 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)

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

	Channel Estimation
	Realistic

	Compensation of phase discontinuity
	Channel Synthesis

	Channel Estimation Averaging
	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

	NodeB Receiver Type
	TBS2020: RAKE 

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


