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1. Summary 

Approaches to improve closed loop transmit diversity FBI error rates by creating HSDPA specific closed loop transmit diversity (or “TxAA”) modes have been proposed [1]. It is of interest, then, to determine the performance achievable with existing release-99 transmit diversity schemes.  This contribution discusses a release-99 compatible FBI error mitigation technique (dubbed “node B verification”), comparing the results with the baseline case without mitigation. It is a continuation of [2], where HS-DSCH throughput with TxAA in one- and multi-way soft handoff using explicit simulations of the forward and reverse link DPCH was considered.  The results indicate:

1. Node B verification can significantly improve TxAA throughput.  In the flat, 3 kmph Rayleigh fading, case examined, 1-way soft handoff throughput on the PDSCH increased by about 10%, while 3-way increased throughput 20%.

2. While node b verification improves performance, gains over STTD may still be obtained without it.  Results without node B verification are 31% and 11% gain over STTD in 1- and 3-way soft handoff, respectively.

Since node B verification can be done without air interface changes, and does not increase FBI delay as channel coding approaches can, it should be used as a basis for comparison when considering HSDPA specific solutions that require new FBI signaling.

2. node b fbi verification

Node B verification is a simple smoothing technique to improve feedback reliability that is compatible with release ’99.  The SNR of the received FBI symbol is compared against a threshold.  If the symbol SNR is small, it is unreliable, and is discarded, or “erased”.  This means that the most recently received reliable FBI bit is used in place of the more recent, unreliable bit.  If the received FBI symbol SNR is large enough, we decode the FBI bit and use it to select the TxAA weight vector. 

Note that mode 2 TxAA progressive refinement is unaffected: the FBI bits are used at each slot to determine the weight vector to use for transmission at the base. 

Also, note that more elaborate implementations of node b verification techniques are possible, with potentially higher performance.  This technique is shown due to its effectiveness and relative simplicity.

3. link Simulation results

Link (sub-chip resolution) simulation results were performed for STTD and closed loop transmit diversity mode 2 when used with adaptive modulation and coding (AMC) and Hybrid ARQ (HARQ).  The associated DPCCH was simulated on both the forward and reverse links. The simulation parameters and assumptions are the same as [2], and are included in an appendix for reference.  The average throughput (in bits/chip) is shown for TxAA under 1- and 3-way soft handoff conditions.  Note that since only the FBI and pilots were simulated on the DPCCH, STTD throughput did not vary with the soft handoff condition.  Simulation results for TxAA and STTD are given in the table below.  

	Reverse DPCH Soft Handoff Condition
	Velocity
	STTD

Throughput (bits/chip)
	TxAA Throughput (bits/chip): Node B Verification
	TxAA Throughput (bits/chip): No Node B. Verification
	TxAA Gain over STTD: Node B Verification
	TxAA Gain over STTD: No Node B. Verification

	1-way
	3 km/h
	0.88
	1.24
	1.15
	41%
	31%

	3-equal-way
	3 km/h
	0.88
	1.15
	0.98
	31%
	11%


4. Conclusions

· Node B verification can significantly improve TxAA throughput.  In the flat, 3 kmph Rayleigh fading, case examined, 1-way soft handoff throughput increased by about 10%, while 3-way increased throughput 20%.

· While node b verification improves performance, gains over STTD may still be obtained without it.  Results without node B verification are 31% and 11% gain over STTD in 1- and 3-way soft handoff, respectively.
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Appendix: Link simulation details

We show the key simulation parameters used in Tables 1, 2, and 3.  TxAA weights used at Node B were estimated using the verification method of [3]. The reverse link DPCCH was simulated under 1- to 3- way soft handoff conditions, with equal mean path attenuations to all serving sites used for simplicity.  (Note that equal way soft handoff is relatively infrequent, so the FBI error rates are somewhat conservatively high.) The forward link was not simulated in soft handoff since FBI error is the primary concern addressed in these simulations.  Further simulations with the forward DPCH in soft handoff would better quantify DPCCH power requirements for verification, although these may be dominated by the gain on the HS-PDSCH.  A one path channel model with i.i.d. Rayleigh fading for all rays (on both forward and reverse links) was used for illustration. 

Table 1. Forward Link Simulation Parameters

	Parameters
	Value

	Ior/Ioc (“Geometry”)

	5 dB

	Channel
	1-Path Rayleigh, Uncorrelated Antennas

	Mobile Speed
	3 km/h

	Pilot Power Fraction
	12.5% (6.25% Per Antenna)

	Overhead Power Fraction

	12.5% 

	OVSF Codes Used for HS-PDSCH
	12 codes out of 16

	TxAA Verification
	Enabled, See [3]

	TxAA Update Technique
	Progressive Refinement

	Feedback Delays
	Link Adaptation:

 measure in slot n; apply in slot (n+4)

TxAA: 

measure in slot n; apply in slot (n+2)

ARQ & Scheduling:

 1st transmit in TTI m
2nd transmit in TTI (m+5)

	Channel coding
	Turbo Codes (See Table 2 for MCS)

	DPCH Information bit rate 
	12.2kbps 

	DPCCH/DPDCH power ratio
	0 dB

	Inner-loop transmit power control (TPC)
	On, Target=2 dB Eb/Nt

	Forward Link Pilot Bits
	4

	Forward Link DPCCH SF
	256

	Outer-loop power control
	Off

	TPC step size
	1 dB

	TPC command error rate
	0%


We adapt the link using the modulation and coding schemes (MCS) shown in Table 2, below.  The MCS levels are selected based on the receiver output SINR and are used with the delay shown above.

Table 2. MCS Table

	MCS Level
	SINR Range (dB)

	R=1/4, 4QAM
	-Inf < SINR < 0.5

	R=1/2, 4QAM
	0.5 < SINR < 4.0

	R=3/4, 4QAM
	4.0 < SINR < 5.5

	R=1/2, 16QAM
	5.5 < SINR < 8.0

	R=5/8, 16QAM
	8.0 < SINR < 10

	R=3/4, 16QAM
	10 < SINR < Inf


Table 3. Reverse Link Simulation Parameters

	Parameters
	Value

	Soft Handoff
	1,2, and 3-way; equal mean attenuations to serving sites

	Node B Receive Antenna Configuration
	2 antenna space diversity

	DPCH Information bit rate 
	12.2kbps 

	DPCCH/DPDCH power ratio
	-2.69 dB

	Inner-loop transmit power control (TPC)
	On, Target=4 dB Eb/Nt

	FBI Bit Repetitions
	0 or 1

	Reverse Link Pilot Bits
	6

	Reverse link DPCCH SF
	256

	Outer-loop power control
	Off

	TPC step size
	1 dB

	TPC command error rate
	0%






















































































































































































� Geometry is computed as Ior/(Ioc+No), where Ior is the total power received from the base station, Ioc is interference power (Ioc is additive white Gaussian noise in these simulations), and No is thermal noise


� Total power available for HS-PDSCH is then: 100% – (Pilot+Overhead) = 75%





