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1. Summary and recommendations

There have been recent discussions regarding the performance of closed loop transmit diversity (also called “TxAA”) in the presence of feedback error.  This contribution considers HS-DSCH throughput with TxAA in one- and multi-way soft handoff using explicit simulations of the forward and reverse link DPCH.  The results indicate:

1. TxAA is relatively robust to feedback error.  In flat fading at slow speed, we observe gains over STTD of 44%, 39%, and 35% in 1-, 2-, and 3-way equal branch soft handoff, respectively.

2. The capacity losses from H-ARQ buffer corruption posited in [1] do not seem to be a dominant effect, since significant capacity gains are observed even in 3-way soft handoff. It is also important to note that since the HS-SCCH must be decoded before the HS-DSCH, it would be difficult for buffer corruption to occur.

3. Repeating the closed loop FBI bit can improve TxAA performance. The FBI bit repetition can be done in reverse link slot formats supporting 2 bit FBI fields without lengthening the FBI field when the other FBI bit is not used.

Given the performance benefits observed in [1-5] and the robustness of release ’99 TxAA to FBI error, we concur with the recommendations of [2] regarding closed loop transmit diversity: release 99 closed loop transmit diversity should be supported on HS-DSCH channels, and these methods should be used without conceptual change.  We also recommend allowing the closed loop FBI bit to be repeated.

2. Introduction

It is often desirable to create a demodulation reference for TxAA using verification [6]. Recent discussions have emphasized that accurate verification is necessary for the HS-DSCH, since poor verification could distort the reference, and 16QAM is likely to be more sensitive than QPSK to this distortion. The performance of the HS-DSCH when non-ideal verification is used is therefore of interest.

3. fBI Bit repetition

Higher reliability may be obtained by repeating the FBI bit (as is done for TPC bits).  The current specification supports the use of 2 FBI bits per slot in reverse link DPCCH slot formats 4 through 5B, but replaces one bit of the FBI field with a ‘1’ when the full field is not used.  Therefore, the closed loop transmit diversity bit could be repeated without adding bits to the DPCCH whenever the second FBI bit is not used.  

4. Link simulations

Link (sub-chip resolution) simulation results are given 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. We show the key simulation parameters used in Tables 1, 2, and 3.  Demodulation references were derived from the CPICH for both TxAA and STTD.  TxAA weights used at Node B were estimated using the verification method of [6]. 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

	Channel Estimation
	On

	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 [6]

	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%


Simulation results for TxAA and STTD are given in the table below.  The average throughput (in bits/chip) is shown for TxAA under the soft handoff conditions, including a case without FBI error.  Note that since only the FBI and pilots were simulated on the DPCCH, STTD throughput did not vary with the soft handoff condition. 

	Reverse DPCH Soft Handoff Condition
	Velocity
	STTD

Throughput (bits/chip)
	TxAA Throughput (bits/chip): 1 FBI Bit
	TxAA Throughput (bits/chip): Repeated FBI
	TxAA Gain over STTD: 1 FBI Bit
	TxAA Gain over STTD: Repeated FBI

	1-way,

No. FB. Error
	3 km/h
	0.88
	1.28
	1.28
	45%
	45%

	1-way
	3 km/h
	0.88
	1.24
	1.27
	41%
	44%

	2-equal-way
	3 km/h
	0.88
	1.18
	1.22
	34%
	39%

	3-equal-way
	3 km/h
	0.88
	1.15
	1.19
	31%
	35%


When the FBI bit is repeated, we see that the no soft handoff (1-way) condition obtains throughput gains within 1% of the error free case.  Adding a soft handoff leg seems to produce a similar amount of degradation for both the 2- and 3-way cases: 5% when going to 2-way and 4% more when the third soft handoff leg is added.

When the FBI bit is not repeated, the performance degrades somewhat.  We observe up to 5% degradation in gain over the corresponding cases where the FBI bit is repeated.  This degradation is made more significant due to the high power of the HS-DSCH, and can be easily avoided as noted above.

5. Conclusions

· Closed loop transmit diversity mode 2 can provide significant capacity gains for HSDPA even with the increased FBI errors associated with multi-way soft handoff.

· Repeating the FBI bit improves closed loop transmit diversity performance without requiring additional power on the reverse link.  The required changes to TS 25.211 are given in the attached CR.

· Closed loop transmit diversity is also beneficial in multipath channels.  See [4] for further information.
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� 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%





