Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1#27
TSGR1#(27)0972

Oulu, Finland, July 2-5 2002

Agenda item:
Ad Hoc: Tx -diversity

Source:
Nokia 

Title: 
TxAA for HSDPA – some link simulation results.

Document for:
Discussion

1. Introduction

In Paris WG1#25 meeting it was agreed that STTD can be used with HSDPA channels. Nevertheless, it was still left open whether to accept support for TxAA modes 1 or 2 with HSDPA. In Gyeongju WG1#26 Nokia emphasized [8] that there are many open issues to be fixed before accepting TxAA modes 1 or 2 for HSDPA: especially the effect of the non-ideal assumptions (e.g., multipath propagation, increased feedback delay, real antenna verification, higher UE velocities) to the link level performance results should be carefully studied before decision.

In this document Nokia presents some more link simulation results on TxAA modes 1 and 2: non-idealities in the assumptions (especially real verification) seem to cause severe problems for TxAA mode 2, whereas TxAA mode 1 seems more robust for variation of assumptions and environments. Hence Nokia is recommending not specifying of TxAA mode 2 for rel’5 HSDPA channels.

2. Simulation assumptions

The simulation parameters that have been used in our link level simulations are listed in Table 1 and 
Table 2
.

	MCS levels for non-AMC simulations 
	QPSK rate 1/3 and 16-QAM ¾ 

	Coding scheme
	8-state turbo code with max-log decoder

	Propagation Channel
	1-tap Rayleigh, modified {Ped A and Veh A}

	UE speed (kmph)
	3 – 40

	Channel estimation
	From CpiCH pilots

	Number of codes
	1 if not otherwise indicated

	DPCH spreading factor
	128

	DPCH power
	-21 dB

	Ior/Ioc
	6 dB for 1/3-rate QPSK, 10 dB for ¾-rate 16-QAM

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

	TTI length
	480 symbols (2-ms)

	Number of interfering users
	15

	Parameters for throughput simulation

	MCS levels for AMC: 5 levels
	QPSK rate 1/3, 2/3; 16QAM rate ½, 2/3 and 5/6 

	MCS selection delay
	1 TTI

	HARQ scheme
	Chase combining

	Maximum number of retransmissions
	5

	Number of HARQ subchannels
	5

	Ec/Ior
	-1 dB (fixed)


Table 1 Link level simulation parameters.

	TxAA feedback bit error rate
	4% by default, 10% otherwise

	TxAA feedback delay
	1 – 3 slots

	Verification types
	Ideal verification, no verification, real verification

	Verification algorithm
	For TxAA1 as specified in TS 25.214, for TxAA2 as specified in [9].

	Abbreviations 
	ModexID/AVy = TxAA mode x with Ideal/Antenna Verification and Fberror% = y.


Table 2 TxAA related simulation parameters.
3. Simulation Results

Below are presented some more link simulation results about TxAA modes 1 and 2, in addition to [8].
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Figure 1 The effect of the feedback delay and velocity for the performance of TxAA2 in 1-tap Rayleigh channel with QPSK-modulation and 1/3 coding.
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Figure 2 The effect of the feedback delay and velocity for the performance of TxAA1 in 1-tap Rayleigh channel with QPSK modulation and 1/3 coding.
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Figure 3 The effect of the feedback delay and velocity for the performance of TxAA2 in 1-tap Rayleigh channel with 16-QAM modulation, 3/4 coding and ideal verification.
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Figure 4 The effect of the feedback delay for the performance of TxAA2 in Ped A channel with QPSK modulation and 1/3 coding.
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Figure 5 The effect of the feedback delay for the performance of TxAA1 in Ped A channel with QPSK modulation and 1/3 coding. 
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Figure 6 The effect of the feedback errors to the performances of TxAA modes in Ped A channel at 3 km/h with 16-QAM modulation and ¾ coding. The FB error rate is 4% and delay one slot.
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Figure 7 The effect of feedback errors, -delays and velocity for the performances of TxAA modes 1 and 2 in Pedestrian A channel with 1/3 -rate QPSK and 10% FB error rate.  
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Figure 8 The effect of feedback errors, -delays and velocity for the performances of TxAA modes 1 and 2 in Pedestrian A channel with 3/4-rate 16-QAM and 10% FB eror rate. Note that mode 2 is not able to reach the required 10% PER with non-ideal antenna verification.
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Figure 9 The performances of TxAA modes 1 and 2 with 5 multicodes in Veh A channel at 40 km/h and with QPSK modulation.  FB error rate is 4% and delay one slot.
[image: image10.wmf]1-Tap Ec/Ior = -1 dB at 3 km/h

0.00E+00

1.00E+05

2.00E+05

3.00E+05

4.00E+05

5.00E+05

6.00E+05

7.00E+05

8.00E+05

9.00E+05

-7

-5

-3

-1

1

3

5

7

9

11

13

15

G

Throughput bps

STTD

MAX

FBDelay = 1, Mode1ID4

FBDelay = 1, Mode1AV4

FBDelay = 1, Mode2ID4

FBDelay = 1, Mode2AV4


Figure 10 AMC link throughput of TxAA modes 1 and 2 in Rayleigh 1-tap channel at 3 km/h with 4% FB error rate and one slot FB delay.
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Figure 11 The effect of feedback delay to the AMC throughput of TxAA1 in Rayleigh 1-tap channel at 40 km/h. FB error rate is 4%.
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Figure 12 The effect of feedback delay to the AMC throughput of TxAA2 in Rayleigh 1-tap channel at 40 km/h. FB error rate is 4%. 
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Figure 13 AMC link throughput of TxAA1 in Ped A channel at 3 km/h. FB error rate is 4% and delay one slot.
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Figure 14 AMC link throughput of TxAA2 in Pedestrian A channel at 3 km/h. FB error rate is 4% and delay one slot.
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Figure 15 AMC throughput of TxAA1 in Ped A channel at 40 km/h. FB error rate is 4% and delay one slot.
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Figure 16 AMC throughput of TxAA2 in Ped A channel at 40 km/h. FB error rate is 4% and delay one slot.
4. Conclusion

In this paper Nokia presented more simulation results on TxAA modes 1 and 2 with HSDPA parameters in addition to the results presented in [8], especially when real verification was implemented. It seems that the performance of TxAA mode 2 degrades severely when using non-ideal parameters in the simulation. When, furthermore, taking into account special problems for mode 2 as indicated in [8] Nokia is recommending not to specify mode 2 for Rel’5 HSDPA.

Furthermore, the following observations can be made:

· When the velocity increases, the performance of the TxAA mode 2 degrades more drastically than that of the TxAA mode 1. This behavior is natural, since the length of the FSM of TxAA mode 2 is two (2) times the length of the FSM of TxAA mode 1. 

· Feedback delay has a strong effect to the performances of TxAA modes. By increasing the feedback delay from 1 to 3 slots the performances of the TxAA modes can be degraded by 1-2 dBs at 40 km/h (depending on the MCS used).  

· TxAA mode 1 seems to be more robust for the feedback errors than TxAA mode 2. This can be partly explained by the differences in the length of the FSMs, and partly by the performances of the mode specific verification algorithms. As we may see from the Figure 6, it was difficult for TxAA mode 2 with real antenna verification ([9]) to achieve 10 % PER target when 16-QAM modulation with ¾-rate turbo coding were used; instead TxAA mode 1 that was able to reach the target.

· The multipath sensitivity of the TxAA modes can be readily seen from the Figures 1-6. 

· With QPSK modulation and 1/3-rate turbo coding: 2-Tx-STTD performs approximately < 0.8 dB worse in the Ped A channel than in 1-tap, where as the performance difference between the results obtained in 1-tap and Ped A channels is approximately –1 dB for TxAA mode 1 and approximately –2 dB for TxAA mode 2 (in the whole velocity range 3...40 km/h). 

· When the 16-QAM modulation with ¾-rate turbo coding was used, the corresponding performance degradation for TxAA mode 1 was –2.1 dB and for TxAA mode 2 –2.5 dB (at 3 km/h). 

· In other words, TxAA mode 1 is more robust against multipath propagation than the TxAA mode 2.

· In order to fully understand what are the effects of the above-mentioned non-idealities for TxAA performance in HSDPA, it’s needed to analyze AMC throughput results carefully. As we see from the above AMC throughput figures, 2-Tx-STTD is able to outperform (in link level) both TxAA modes in the whole velocity range 3…40 km/h, if real antenna verification is used. TxAA mode 1 performs almost equally well with 2-Tx-STTD, whereas TxAA mode 2 suffers heavily of the non-detected feedback errors. The effect of the feedback delay can also be seen from the AMC throughput curves.
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