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1. Introduction

In Paris WG1#25 meeting there was lot of discussion about the use of rel’99 Tx-diversity schemes for HSDPA: as a conclusion it was commonly agreed that STTD could be used with HSDPA channels. Also, there were some suggestions to decide about the use of CL modes 1 and 2 with HSDPA. In this paper Nokia presents some doubts for the use of mode 2 with HSDPA – instead, we do not doubt proper mapping (of results) from link to system level (does not mean e.g. that poor multipath link results could be mapped well for system level) and that there may be gain with ideal assumptions. 

We agree accepting of STTD as a minimal requirement to quarantee backward compatibility for rel’99 channels, and under certain reservations mode 1 may be suitable for HSDPA channels by utilizing UL DPCCH. Instead, we cannot recommend mode 2 for HSDPA channels because of several problems discussed in more details below. 

2. Open Issues

2.1. General for both CL schemes

· How realistic are the used FB delays for HSDPA TxAA?

· Should we allow FB delays of length
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3 slots? 

· Effects for velocity sensitivity/performance with higher FB error rates and with real verification.

· What are realistic FB error rates for CL schemes?

· Independence between UL and DL: FB error when having good DL radio environments.

· Consider 4-10% RAW bit error probabilities in UL DPCCH FB (10% is equivalent to TPC bit error probability).

· UE in SHO => even higher FB error rates at the primary cell.
· Higher FB errors with long delays would be harmful for the performance of CL Tx-diversity (see [5], [6] and [7]).

· What is performance degradation with real verification?

· Performance with 16-QAM?

· Gap between ideal/no verification results seems to be bigger in the case of 16-QAM (compared to QPSK)?

· 16-QAM: If verification error => strong decisions for wrong phases are possible?

· AMC will cause more loss (i.e., link results with TxAA => +ARQ =>+AMC)?

· Multipath sensitivity with 16-QAM: 

· CL modes are known to be quite sensitive for multipath already with QPSK: performance gain may even be negative compared to a single antenna transmission already in “moderate multipath”. 

· However, 16-QAM seems itself to be sensitive for multipath.

· Can we avoid the error floor seen in one antenna 16-QAM transmission/reception?

· We can see bad CL results even with slightly “light” multipath channels.  

· Sensitivity for moderate and higher velocities?

· Treshold value when starting to have negative gain compared to single antenna or STTD transmission

· Even more sensitive compared to rel’99 channels?

· Duplicated CL methods in concatenation: TxAA-ARQ-AMC-Scheduler tackling the same problem => incremental gain becomes smaller and smaller?

· Possible ARQ-buffering problem?

· If we have a sequence of strong wrong symbols  => it will require many requests from ARQ in order to compensate this => extra load for UE’s ARQ buffering. The effect is caused by more unstable transmission of TxAA (known phenomena already from rel’99). 

· FB channel (cf. [1]):

· Hard to find room from HS-DPCCH – also, backward compatibility to Rel’99 structures to be considered.

· Prefer DPCCH.
· Need of clarifying frame/slot formats for TxAA (for HSDPA).
· Are there any agreement where/how to utilize verification: 

· Number of typical dedicated pilots (assume four as in the case of DPCH slot format 11)?

·  Need for the use of power offsets for dedicated pilots (=>known to cause some more interference promblems)?

· Several possible minor problems with HSDPA adjustments, such as 

· Compressed mode with CL modes if utilizing HSDPA channels (much of problems already when specifying rel’99).

·  Beginning/end of frame adjustements.

2.2. Dedicated issues for mode 2

· Is there any big gain by using a fixed strong power weightening since/when scheduling only good radio channels for an UE utilizing CL mode 2 scheme in HSDPA?

· There is a serious power balance problem when utilizing high-power HSDPA channels with CL mode 2:

· Essentially bigger problem with HSDPA than with rel’99 channels: cannot be avoided with simple “even UE’s for antenna one” and “odd UE’s for antenna two” –type of arrangements.

· The less UE’s served at the same time the more harmful from Node B power amplifiers point of view.

· FB adjustements needed: 

· Even 7 slots FB delay by utilizing UL DPCCH.
· Can we allow changing of gain factors inside TTI when using 16-QAM?

· This issue should at least be studied carefully with realistic amplitude estimation for 16-QAM constellation.

· Working assumption: Do not change gain factor inside the TTI interval.

· What kind of affects for backward compatibility: should FB structure for rel’99 channels modified at the same time (=> where to make verification/calculate FB bits)? 

· More room for variation of verification algorithms (=> affect to network design utilizing CL mode 2).

· Mode 2 seems to be more sensitive for multipath than Mode 1 since of heavier FB signaling.

· Nokia’s experience: less performance gain compared to CL mode 1.

3. Simulation Results

We’ll present some link-level simulation results showing the affect of some assumptions for the performance of CL mode 1. 

	Attribute
	Value(s)

	FB delay (depending on CL mode)
	1 slot
	3 slots
	6 slots?
	
	

	FB errors
	4%
	10%
	
	
	

	Verification
	Ideal
	No
	Real? (from DPCH)
	
	

	Channel estimation
	Ideal 
	Real from CPiCH and DPCH

(no/allow velocity adaptivity)
	
	
	

	ARQ
	Off
	On
	
	
	

	AMC
	Off 
	On: 

QPSK: 1/3
 & 2/3

16-QAM: 1/2, 2/3 & 5/6
	
	
	

	G
	3
	7
	10
	
	

	Channel Model
	IID 1-tap
	IID Ped A
	IID modified Ped_A with 2nd tap power –7dB
	Multipath?

(Veh A?)
	Correlated  channels?

	Target PER (HS-DSCH)
	10%
	
	
	
	

	DPCH power level (~at 1% BLER)
	-21dB
	+3dB off-set
	+6dB off-set?
	
	

	DPCH Format
	11 
	
	
	
	


Table 1 Proposal for link level simulation parameters.

	Attribute
	Value(s)

	Chip Rate
	3.84 Mcps

	DPCH Data Rate
	12.2 kbs

	DPCH spreading factor
	128

	Channel
	1- and 2-tap Rayleigh

	Modulation method
	QPSK, 16-QAM

	Interleaving
	4-block interleaver

	CPICH power
	-10 dB

	DPCH power
	-21 dB

	DPCH slot format
	11

	Ec/Ior
	-1 dB, when G is a variable

	Diversity Mode
	CL mode 1, STTD

	Feedback error percentage
	4-10%

	Feedback delay
	1-6 slot

	Speed 
	3-40 km/h

	HARQ combining scheme
	Chase combining

	Number of HARQ sub-channels
	5

	Number of multicodes
	1

	MCSs for AMC 

	QPSK (1/3, 2/3), 16-QAM (1/2, 2/3, 5/6)


Table 2. Simulation parameters for presented results.
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Figure 1 The effect of ideal versus no verification with CL mode 1, when ARQ & AMC are on. 1-tap channel (3km/h), 4% FB error rate, real channel estimation and 1-slot delay.
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Figure 2 The effect of different FB delays for the performance of CL mode 1, when ARQ & AMC are on. 1-tap channel (40km/h), 4% FB error rate, ideal verification, real channel estimation and 1-4-slot delays.
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Figure 3 The effect of FB delay as a function of velocity for CL mode 1 in single tap channel, QPSK (1/3 rate turbo), ideal verification, channel estimation from CPICH. Target PER is 10% and FB error rate is 4%.
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Figure 4 The effect of FB delay as a function of velocity for CL mode 1 in single tap channel, 16-QAM (3/4 -rate turbo), ideal verification, channel estimation from CPICH. Target PER is 10% and FB error rate is 4%.
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Figure 5 The effect of ideal versus no verification for CL mode 1 in single tap channel (3km/h), 16-QAM (1/2 -rate turbo), channel estimation from CPICH. FB error rate is 10% .

4. Conclusion

It has been shown that there are many open issues to be fixed before accepting CL modes 1 and 2 for HSDPA. It is recommended to evaluate the CL modes with more realistic assumptions, first at link level. However, we see that mode 1 could be possible to adjust for HSDPA by utilizing UL DPCCH (not HS-DPCCH; further studies are still needed) but instead mode 2 seems to cause problems. Hence we do not recommend specifying mode 2 for use with Rel’5 HSDPA.

5. References

[1] R1-02-0648, “Signalling for Closed Loop Transmit Diversity in HSDPA”, 3GPP TSG-RAN WG1#25 Paris, France April 9-12, 2002.

[2] R1-02-0600,  “Link level performance of mode 1 and 2 TxAA for HSDPA”, 3GPP TSG-RAN WG1#25 Paris, France April 9-12, 2002.

[3] R1-02-0290, “System-level performance of transmit diversity (STTD and TxAA) for HSDPA”, 3GPP TSG-RAN WG1#24 Orlando, USA, February 18-22, 2002.
[4] R1-02-0614, “HSDPA performance w/wo closed-loop transmit diversity when the HS-SCCH and Associated DCH are explicitly modeled”, 3GPP TSG-RAN WG1#25 Paris, France April 9-12, 2002. 

[5] “Closed-loop transmit diversity (TxAA) solution for HSDPA” R1-02-0049, Texas Instruments.

[6] R1-00-1270, “DSCH Tx Diversity Operation in SHO Region”. 3GPP TSG-RAN WG1#16 Busan, Korea, October 12, 2000.

[7] R1-01-0276 “Closed Loop Mode Transmit Diversity for DSCH in Soft Handover”, TSG-RAN WG1#19 Las Vegas, USA, February 27 – March 2, 2001.













_1082653691.unknown

