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1 Introduction

This contribution investigates the codebook size for the Uplink Transmit Diversity (UL TxDiv) for HSPA WI [1] based on a set of agreed link level simulation assumptions [2].
2 Simulation Assumptions
The simulation assumptions are summarised in Table 3 of the Appendix and they are based on those agreed in [2].  In [2], some of the assumptions are left open and the receiver correlation is not defined.  In this simulation, the Secondary DPCCH (S-DPCCH) uses the same slot format as that of the DPCCH but is spread using a different channelization code, namely Cch,256,2.  In addition to the assumptions in [2], the following assumptions in Table 1 are also included in the simulation.
Table 1: Additional link level simulation assumptions

	Parameter
	Value

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

	S-DPCCH Channelisation Code
	Cch,256,2

	UE Rx Antenna Correlation
	0

	Compensation of phase discontinuity
	None

	CLTD Codebook Size
	2, 4, 8, 16, 32

	CLTD Feedback Error Rate
	0%

	CLTD Feedback Update Rate
	Depends on Codebook size

	CLTD Feedback Delay
	3 slots


The DPCCH and Secondary DPCCH (SDPCCH) carrying the pilots are pre-coded and sent via both antennas as shown in Figure 1 [3].  Data demodulation is performed using only the channel estimates from the primary pilot (i.e. DPCCH).  The power ratio between SDPCCH and DPCCH is 0 dB (i.e. (SDPCCH /(c = 1).  Absolute feedback of the beamforming weights, is used where the beamforming weights in the codebook W have equal amplitude.  The relationship among the weights is as follows:
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The phase ( difference between successive codewords in the codebook W is fixed (i.e. uniformly distributed over 2().  The codebook size is changed to determine the Tx and Rx Ec/No beamforming gains over a link without TxDiv. 
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Figure 1: Pre-coded pilot structure
It is assumed that only 1 bit of information is sent per slot in the PCI feedback (e.g. using F-DPCH or E-HICH/E-RGCH).  Hence the larger the codebook size, the longer the time for the feedback to be updated, and this is proportional to the number of bits required for the feedback.  For a codebook size of 8, 3 bits are required to form the feedback vector and the UE can only implement the pre-coding weights after it has received all 3 bits.  An example is shown in Figure 2.  The NB feeds back the vector a, which consists of info bits a1, a2 and a3 and these bits are sent at slots n-3, n-2 and n-1 respectively.  The UE will obtain all the info bits a1, a2 and a3 to form the vector a at the end of slot n-1 (after some feedback delay) and therefore apply the weights in the following slots, i.e. slot n, n+1 and n+2 until it completely receives another feedback vector b at the end of slot n+2.
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Figure 2: PCI feedback and application
3 Simulation Results

The transmit and receive Ec/No gains in using different sized codebook over using no transmit diversity are summarised in Table 2.  The Tx Ec/No gains are also plotted in Figure 3 as a function of log2(Codebook Size), i.e., the number of feedback bits required.  Here a Codebook Size of 0 means no TxDiv.
Table 2: Tx and Rx Ec/No gain over using no transmit diversity with different codebook sizes
	Item
	Channel
	Parameter
	Codebook Size

	 
	 
	 
	2
	4
	8
	16
	32
	Genie (SVD)

	1
	PA3
	Tx Ec/No Gain (dB)
	2.15
	3.30
	3.51
	3.56
	3.55
	4.62

	2
	
	Rx Ec/No Gain (dB)
	0.57
	0.92
	1.22
	1.30
	1.26
	1.64

	3
	VA30
	Tx Ec/No Gain (dB)
	0.60
	0.93
	0.97
	0.87
	0.52
	1.73

	4
	
	Rx Ec/No Gain (dB)
	0.07
	0.22
	0.23
	0.19
	-0.04
	0.64
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Figure 3: Tx Ec/No gain against Codebook Size (NOTE: Size of 0 means no TxDiv)
The gain in using Genie is obtained from simulations performed in [4] and acts as an upper bound.  As expected, the Tx Ec/No gain increases as the codebook size increases.  However, the increase in gains levels off as the codebook size increases.  For example in PA3, the gain in going from a size of 4 to 8 and 8 to 16 are 0.21 dB and 0.06 dB respectively.  Since the larger the codebook size, the slower the beamforming weights are updated, the gains from using a larger codebook size are offset by the delay in  beamforming weight update, especially in fast channels.  This can be seen in Figure 3, where in the higher speed channel VA30, the gain decreases above a codebook size of 8.
Since the feedback information bit rate is the same in all scenarios (i.e. 1 bit per slot), the optimum codebook size that balances the number of codewords in the codebook and the delay in sending out the feedback is 8 (for the channels investigated).

4 Conclusion
The size of the codebook for closed loop uplink transmit diversity is investigated using link level simulation.  
It is found that a codebook size of 8 gives the optimum gain which balances the codebook size and update rate in applying the feedback.
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6 Appendix
The simulation assumptions used are based on those in [2] and are summarised in Table 3.
Table 3: Link level 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

	S-DPCCH Channelisation Code
	Cch,256,2

	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

	UE Rx Antenna Correlation†
	0

	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†
	None

	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

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size†
	2, 4, 8, 16, 32

	CLTD Feedback Error Rate†
	0%

	CLTD Feedback Update Rate†
	Dependent on codebook size

	CLTD Feedback Delay†
	3 slots


NOTE: †Additional simulation assumptions not in [2]
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