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1. Summary and recommendations

This contribution considers HS-DSCH throughput with both mode 1 and mode 2 closed loop transmit diversity in one-way and multi-way soft handoff, in multipath, at pedestrian and mobile speeds, and with verification at the UE or at Node B. The results indicate:

· Closed loop transmit diversity can provide significant single link throughput gain over 1 antenna under a variety of conditions.

Closed loop diversity gains on the order of 20-40% were observed over a single antenna  over a wide variety of multipath, speed, and soft handoff conditions.  

· Each of the closed loop diversity modes can be better than the other, depending on the condition (mostly speed). However, both provide consistent benefits over 1 antenna.

We observed at least a 20% gain for both methods over the speed, multipath, and soft handoff conditions tested.

At 3 kph, mode 1 consistently has somewhat less performance than mode 2, ranging from about 2% to 6% degradation (or 2% to 8% if only UE verification is considered).  On the other hand, at 30 kph, mode 1 consistently outperforms mode 2 by about 1% to 2%.

· UE Verification requirements are not excessive  

The UE verification approaches simulated are the same as those as for release ’99, requiring a small number of operations per slot.  Furthermore, a case with only node B verification was run, where the UE used requested weights to form demodulation references.  In both cases, significant capacity increases (the 20-40% discussed above) were obtained.

· Mode 2 is relatively robust

The gain of mode 2 over mode 1 at slow speed with UE verification only is somewhat greater than in the node B only verification case (by up to 2%).  This shows that mode 2 can function well without the reduced error rates afforded by node B verification, and that mode 2 can in fact be more valuable at the higher rates found without node B verification.

As in release ’99, both modes have performance advantages under different conditions.  Mode 2 can perform better at slower speeds, and is able to be used with any forward link slot format (mode 1 is restricted to two or more pilot symbols).  Mode 1 performs slightly better at high speeds (potentially more at speeds greater than those tested here).  Furthermore, adopting both modes maintains compatibility with the mandated use of both closed loop modes in release ’99 UEs. We therefore recommend that both modes 1 and 2 be supported for HS-DSCH. 

2. Link simulations

Link (sub-chip resolution) simulations were run for closed loop transmit diversity modes 1 and 2 when used with adaptive modulation and coding (AMC) and Hybrid ARQ (HARQ).  The dedicated pilots of the associated DPCCH were simulated on the forward links. The reverse link is assumed to be static. The noise is adjusted on the reverse link so that the FBI feedback errors correspond to one-way and three-way soft-handoff with equal average attenuations (about 4% and 10% for one-way and three-way respectively). (Note that equal way soft handoff is relatively infrequent, and can be viewed as producing an upper bound on FBI error rate.). 

Demodulation references were derived from the CPICH, and a Rake receiver was used.  The simulations were run with UE verification of TxAA weights used at Node B only (using the verification method of [1] for mode 2 and of [2] for mode 1), or with Node B verification of FBI bits [3] only.  

We show the key simulation parameters used in Table 1.  A geometry of 5 dB was selected, as that is relatively representative of the SNRs observed over a cell.

Table 1. Simulation Parameters: Forward Link

	Parameters
	Value

	Ior/(Ioc+No) (“Geometry”)

	5 dB

	Channel
	1-Path Rayleigh, Vehicular A, Uncorrelated Antennas

	Mobile Speed
	3, 30 km/h

	CPICH Channel Estimation
	Ideal

	Pilot Power Fraction
	12.5% Total (6.25% Per Antenna)

	Overhead Power Fraction
	12.5% Total

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

	MCS States
	QPSK: R={1/4, 1/2, 3/4};

16QAM: R={1/2,  5/8, 3/4}

	UE TxAA Verification
	Enabled or Disabled, See [1,2]

	TxAA Update Technique
	Modes 1 & 2 Per 25.214

	Feedback Delays
	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)

	Inner-loop transmit power control (TPC)
	On, Target=3 dB Es/Nt

	Forward Link Pilot Bits
	8 (as in slot format 11)

	FBI Bits / Slot
	1, 2 

	Forward Link DPCCH SF
	128

	Outer-loop power control
	Off

	TPC step size
	0.5 dB

	TPC command error rate
	0%


We adapt the link using the modulation and coding schemes (MCS) shown in Table 1, above.  The MCS levels are selected based on the receiver output SINR and are used with the delay shown above.

Two FBI bits are used (the FBI bit is repeated once) for all cases except for the case with one-way soft handoff at 3 km/h in Table 2 and for the 3-equal-way soft handoff results shown in Table 3.  As shown in [4], the FBI bit may be repeated without adding bits to the uplink DPCCH in certain slot formats.

In order to calibrate our results with previous contributions, we performed these link simulations with parameters used in [5].  These comparative simulations are described in the appendix.

3. link simulation results

Simulation results for TxAA and single antenna transmission are given in Table 2 and Table 3. The average throughput (in bits/chip) is given for to the soft handoff, speed, and channel model conditions listed.  The closed loop performance is stated as a percentage gain in link throughput over the single antenna results. In Table 2, results are shown for UE verification only and for Node B verification only cases. (For discussion purposes below, we underline the table cells whose performance is the better of Node B or UE verification for a given closed loop mode.) The next to last column “UE Verif. Mode 1 / Mode 2” is the gain of mode 1 relative to mode 2 when UE verification only is used (i.e., the Mode 2 results from “UE Verification Only” column are subtracted from the Mode 1 column).  The last column “Best Gain Mode 1 / Mode 2” is the best gain of mode 1 relative to mode 2 when both the node B and UE verification cases are considered (i.e., it is the difference of the underlined numbers corresponding to each mode). Note that since only the FBI and pilots were simulated on the DPCCH, single antenna throughput did not vary with the soft handoff condition.  Table 3 contains a test case where only 1 FBI bit is used in 3 equal way soft handoff, and only UE verification is used.

Table 2: Link Throughput Results

	
	Node B Verification Only
	UE Verification Only
	

	Velocity
	Soft Handoff Condition
	Channel Model
	1 Antenna

Tput (bits/chip)
	Mode 1 / 1 Ant
	Mode 2 / 1 Ant
	Mode 1 / 1 Ant
	Mode 2 / 1 Ant
	UE Verif.

Mode 1 / Mode 2
	Best Gain Mode 1 / Mode 2

	3 km/h
	1-way


	1 Path
	0.88
	31.8%
	37.5%
	26.4%
	34.1%
	-7.7%
	-5.7%

	
	
	Veh. A
	0.53
	22.6%
	24.5%
	21.9%
	24.5%
	-2.6%
	-1.9%

	
	3-equal-way


	1 Path
	0.88
	31.8%
	37.5%
	26.4%
	34.1%
	-7.7%
	-5.7%

	
	
	Veh. A
	0.53
	22.6%
	24.5%
	21.9%
	24.5%
	-2.6%
	-1.9%

	30 km/h
	1-way
	1 Path
	0.60
	23.3%
	5.0%
	44.1%
	41.7%
	2.4%
	2.4%

	
	
	Veh. A
	0.45
	8.9%
	-6.7%
	23.3%
	22.2%
	1.0%
	1.0%

	
	3-equal-way
	1 Path
	0.60
	16.7%
	-5.0%
	39.5%
	38.3%
	1.1%
	1.1%

	
	
	Veh. A
	0.45
	11.1%
	-11.1%
	21.5%
	20.0%
	1.5%
	1.5%


Table 3: Link Throughput Results: 1 FBI, 3 –equal-way SHO, UE Verification Only
	Soft Handoff Condition
	Velocity
	Channel Model
	Mode 1 / 

1 Ant
	Mode 2 / 

1 Ant

	3-equal-way
	3 km/h
	1 path
	14.0%
	17.7%

	
	
	Veh. A
	14.6%
	16.7%

	
	30 km/h
	1 path
	31.8%
	29.8%

	
	
	Veh. A
	17.4%
	15.2%


The results indicate:

1. Closed loop transmit diversity can provide significant single link throughput gain over 1 antenna under a variety of conditions.

Examining Table 2, we see that closed loop diversity gains on the order of 20-40% over a single antenna (over the best of UE verification and Node B verification only) over a wide variety of multipath, speed, and soft handoff conditions.  

2. Node B verification can provide some improved performance at slow speed, but is less promising for higher speeds.

Node B verification provides increased gains over a single antenna of 3-5% for flat fading and up to 1% in vehicular A channels over both modes and soft handoff conditions.  Note that it significantly degrades performance (at least when UE verification is not used with the parameters selected) at 30 kph, having from 10-43% less throughput gain over 1 antenna (over both modes and soft handoff conditions) than the UE verification only case.  Therefore, further study is required to see if it can be applied at higher velocities.

3. Each of the closed loop diversity modes can be somewhat better than the other, depending on the condition (mostly speed). However, both provide consistent benefits over 1 antenna.

Comparing mode 1 and mode 2 performance, we first observe that both modes provide a gain over single antenna under all speed, soft handoff, and multipath conditions.  Considering the underlined cells only (since Node B verification degrades the performance of both modes at 30 kph under the conditions tested), we observe at least a 20% gain for both methods over all conditions tested.

Examining the “Best Gain Mode 1 / Mode 2” column in the Table, we see that at 3 kph that mode 1 consistently has less performance than mode 2, ranging from about 2% to 6% degradation.  On the other hand, at 30 kph, mode 1 consistently outperforms mode 2 by about 1% to 2%.

4. Mode 2 is relatively robust

Examining the UE verification only column of Table 2, we note that the gain of mode 2 over mode 1 at slow speed is actually somewhat greater than in the node B only verification case (by up to 2%).  

Examining Table 3, where only 1 FBI bit is used in 3-way soft handoff, we see that both modes can degrade significantly over the case where the FBI bit is repeated.  However, we still observe the same pattern with speed as above: mode 2 is somewhat better at 3kph and mode 1 is slightly better at 30kph.

This relative robustness of mode 2 UE only verification is contrary to the intuition that mode 2 verification must be significantly more error prone than mode 1.  We observe that while there are more states to check for mode 2, this is not the only factor affecting verification performance.  For example, mode 2 does not use orthogonal dedicated pilots, and so has more received power on the dedicated pilot.  Furthermore, when there is a feedback error in mode 1, the phase will be off by at least 90 degrees, while a feedback error in mode 2 can be off by 45 degrees (and its error performance is improved by the Gray coding of the phase bits).
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Appendix: simulation benchmark 

In order to calibrate simulation results with previous contributions, we ran some example simulations using the assumptions of [5].  The relevant simulation parameters are:
Link-level simulation parameters.

	MCS 
	QPSK rate ½ and ¾ ; 16QAM rate ½, ¾ 

	Coding scheme
	Turbo codes

	Channel
	Rayleigh fading (uncorrelated antennas)

	Delay profiles
	Flat (1-path) 

	UE speed (kmph)
	3

	Number of codes
	10

	DPCH spreading factor
	128

	DPCH power
	-21 dB (power control off)

	Number of DPCH pilot symbols (QPSK)
	4 symbols per slot (as in slot format 11)

	Ec/Ior
	-1 dB (fixed)

	HSDPA frame size
	480 symbols (2-ms)

	Parameters for throughput simulation

	MCS levels for AMC: 5 levels
	QPSK rate ¼, ½ and ¾ ; 16QAM rate ½, ¾ 

	MCS selection delay
	1 TTI

	HARQ scheme
	Chase combining

	Maximum number of retransmissions
	5

	ACK/NAK delay
	6 TTI


Table 2. TxAA-related parameters.

	TxAA feedback bit error rate
	4%

	TxAA feedback delay
	1 slot

	Closed loop (TxAA) mode 1 
	As specified in TS 25.214: phase rotation at the UE and filtering at the node B.

	Verification assumptions
	Real verification

	Verification algorithm
	As specified in TS 25.214


The throughput results from the simulations run with the above parameters are shown in the table below.  The throughput results are stated in Mb/s as well as in bits/chip to simplify comparisons with [1].  We observe that the results are quite close, varying a few percent or less.  Note that this variation may also be partially due to interpolating the data points read from graphs.
Table 3. Link Throughput Results.
	
	Throughput (Bits/Chip)
	Throughput (Mb/s)

	SNR (dB)
	Mode 1 (Motorola)
	Mode 1 (Motorola)
	Mode 1 (TI)

	0
	0.50
	1.92
	2.0

	5
	0.98
	3.76
	3.6

	10
	1.52
	5.84
	5.8

	15
	1.81
	6.95
	6.9




























































































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





