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1.
Introduction

This contribution is a text proposal on RAN1 related study on UL Transmit Diversity on HSPA to TR25.863. The text proposal here is based on an analysis of an analysis of NodeB Rx receiver impact due to SATD [1].
2.
Text Proposal

*************************************** TEXT START ************************************
Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

The present document is intended to capture RAN1 and RAN4 findings produced in the context of the study item “Uplink Transmit Diversity for HSPA” [2]. The study is focussed on schemes that do not require any newly standardised dynamic feedback signalling between network and UE. The uplink transmit diversity schemes maybe categorized into two types of algorithms:

-
transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or 

-
simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming)

The scope is understood to be limited to schemes which also do not require any semi-static mode configuration signalling for demodulation. The possibility of semi-static disabling of a transmit diversity scheme is not precluded.

The work under this study item aims at:

-
evaluating the potential benefits of the indicated UL Tx diversity techniques. 

-
investigating the impacts on the UE implementation.

-
investigating how to ensure that the UE operating an uplink Tx diversity will not cause any detrimental effects to overall system performance.

-
investigating the impacts of Tx diversity on existing BS and UE RF and demodulation performance requirements, and 

-
analyzing how to derive any additional performance/test requirements that are deemed needed as an outcome of the study, as well as understanding the impacts of any such new requirements
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TD RP-090987: "Proposed SI on Uplink Transmit Diversity for HSPA"
 [3]
A. Papoulis, “Probability, Random variables and Stochastic processes”, 4th edition, McGraw-Hill

[4]
D. Tse, P. Viswanath, “Fundamentals of wireless communication”, Cambridge University Press, 2005

 [5]
A.M. Tulino, S. Verdú , “Random matrix theory and wireless communications”, Now Publishers Inc, 2004

[6]
R1-094982, “Algorithm descriptions for UL Tx diversity for HSPA”, Ericsson, ST-Ericsson, RAN1#59.
[7]
R1-100589, “Link level simulation results for UL Tx Div on HSUPA”, Magnolia Broadband Inc, RAN1#59bis.
[8]
R1-101006, “Text Proposal of Beam-forming algorithm for UL Tx Div on HSPA”, Magnolia Broadband Inc, RAN1#60
[9]
R1-101611, “HSPA Uplink Tx Diversity – Link Level Simulation Results”, Icera Inc, RAN1#60. 

[10]
R1-100594, “Validation of the approach used for determining the short-term antenna imbalance”, Ericsson, ST-Ericsson, RAN1#59bis.
[11]
R1-100595, “Further considerations on antenna imbalance modelling”, Ericsson, ST-Ericsson, RAN1#59bis.
[12]
R1-095044, “Antenna imbalance for UL Tx diversity for HSPA”, Magnolia Broadband, RAN1#59.

[13]
R1-095063, “Short and long-term antenna imbalance for UL Tx Diversity”, Ericsson, ST-Ericsson, RAN1#59.
[14]
R1-094902, “Analysis of Antenna Imbalance in ULTD devices”, Qualcomm Europe, RAN1#59.
[15]
R1-100814, “Updates to UL Tx Div simulation assumption”, Qualcomm Incorporated, Ericsson, Nokia, Nokia Siemens Networks, Huawei, RAN1#59bis.
[16]
R1-095049, “Antenna imbalance for UL Tx Diversity for HSPA”, Magnolia Broadband, RAN1#59
[17]
R1-101341, “Analysis of Antenna Imbalances in UL TD devices”, Qualcomm Incorporated, RAN1#59bis

[18]
R1-100819, “Updates to simulation assumptions”,, Qualcomm Incorporated, Ericsson, Nokia, Nokia Siemens Networks, Huawei, RAN1#59bis.

 [19]
R1-100779: Link Level Simulation Results for HSUPA UL Transmit Diversity”, Alcatel-  Lucent, Alcatel-Lucent Shanghai Bell
[20]
              R1-095050: “Initial link level results for UL Tx diversity for HSPA”, Ericsson, ST-Ericsson

[21]
R1- 101298, “Link level results for switched antenna diversity in HSUPA”, Ericsson, ST-Ericsson
[22]   
R1-101297: “Link level results for beamforming in HSUPA”, Ericsson, ST-Ericsson
[23]

      R1-100154: “Link level simulation results for switched antenna transmit diversity”, Huawei

[24]     
     
      R1-101039, “Updated link simulation results for switched antenna diversity”, Huawei

[25]

      R1-101040: “Updated link simulation results for beamforming diversity”, Huawei

[26]

      R1-101605: “Link simulation results for beamforming diversity”, Huawei

[27]

      R1-101611: “HSPA Uplink Tx Diversity – Link Level Simulation Results“, Icera Inc

[28]
 R1-101537: “Uplink Open Loop Transmit Diversity Link Level Simulation Results”, InterDigital Communications, LLC

[29]
R1-100589: “Link level simulation results for UL Tx Div on HSUPA”, Magnolia Broadband Inc.
[30]
R1-101004: “Link level simulation results for beam-forming UL Tx Div on HSUPA”, Magnolia Broadband Inc.

[31]
R1-101582: “Link simulation results for practical beam-forming (2) using non-causal channel estimation”, Magnolia Broadband Inc.

[32]
R1-100604:  “Simulation results of practical schemes for switched antenna transmit diversity”,      Nokia Siemens Networks, Nokia
[33]
R1-101524, “UL Tx Diversity Link Level Simulations with Discontinuous Transmission”, Nokia Siemens Networks, Nokia
[34]
R1-100763: “Simulation results of practical schemes for beamforming transmit diversity”, Nokia Siemens Networks, Nokia
[35]
R1-101523: “Further Link Level Results on Practical Beamforming for UL Tx Diversity”,  Nokia Siemens Networks, Nokia 
[36] 
R1-101688:  “Simulation Further Link Results on switched antenna Tx Diversity”, Nokia Siemens Networks, Nokia
[37]
R1-100780, “Link Simulation Results for Open Loop Switched Antenna Transmit Diversity (Practical Algorithm”, Qualcomm incorporated 

[38]
R1-101337: “Link Results for Reference Practical Beamforming ULTD Scheme”, Qualcomm Inc
[39]
R1-094900: “Link Simulation Results for Open Loop Switched Antenna Transmit Diversity”, Qualcomm Europe

[40]
R1-094901:”Link Simulation Results for Open Loop Beamforming Transmit Diversity”, Qualcomm Europe
[41]
R1-101581, “Link-level simulation results for antenna switching with antenna correlation”, Qualcomm Incorporated

[42]
R1-101585, “Link-level simulation results for beamforming with antenna correlation”, Qualcomm Incorporated
[43]
R1-101302, “System results for HSUPA antenna switching diversity with 2D antennas”, Ericsson, ST-Ericsson, RAN1#60.

[44]
R1-101689, “Further system simulation results for switched antenna diversity”, Qualcomm Incorporated, RAN1#60. 

[45]
R1-101301, “System results for HSUPA antenna switching with 3D antennas”, Ericsson, ST-Ericsson., RAN1#60.

[46]
R1-101299, “System results for HSUPA beamforming with 2D antennas”, Ericsson, ST-Ericsson, RAN1#60.

[47]
R1-101340, “System simulation results for beamforming ULTD, Qualcomm Incorporated, RAN1#60.

[48]
R1-101300, “System results for HSUPA beamforming diversity with 3D antennas”, Ericsson, ST-Ericsson, RAN1#60.

[49]
R1-101593, “System level results on switched antenna Tx diversity”, Nokia Siemens Networks, Nokia, RAN1#60
 [50] 
R1-100913, “System level simulation results for uplink transmit diversity”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1#60.

[51]
R1-101573, “Updated system simulation results for UL switched antenna diversity”, Huawei.

[52] 
 R1-101574, “Updated system simulation results for UL beamforming diversity”, Huawei
[53]
R1-101801, “UL Tx diversity for HSPA - System simulation results for antenna switching (with 2D antennas)”, Ericsson, ST-Ericsson

[54]
R1-101802, “UL Tx diversity for HSPA - System simulation results for beamforming (with 2D antennas)”, Ericsson, ST-Ericsson
[55]
R1-102475, “UL Tx diversity for HSPA - System simulation results for antenna switching with 3D antennas”, Ericsson, ST-Ericsson

[56]
R1-102476, “UL Tx diversity for HSPA - System simulation results for beamforming with 3D antennas”, Ericsson, ST-Ericsson
[57]
R1-101842, “System Level Simulation Results for UL Transmit Diversity (1000m ISD)”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[58]
R1-101843, “System Level Simulation Results for UL Transmit Diversity (2800m ISD)”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[59]
R1-101844, “Discussion of system Level Simulation Results for UL Transmit Diversity”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[60]
R1-102006, “Further System Simulation Results for Reference Practical Beamforming ULTD Scheme”, Qualcomm Incorporated

[61]
R1-102279, “System Simulation Results for UL SATD without modeling receiver loss”, Huawei

[62]
R1-102280, “System Simulation Results for UL Beamforming without modeling receiver loss”, Huawei
[63]
R1-102521, “Revised system level results on switched antenna Tx diversity in a 1km cell”, Nokia Siemens Networks, Nokia 

[64]
R1-102525, “System level results on switched antenna Tx diversity in a 2.8km cell”, 
Nokia Siemens Networks, Nokia
[65]
R1-102080, “System level results on UL beamforming”, Nokia Siemens Networks, Nokia
[66]
R1-102090, “System simulation results for beam-forming ULTD on HSPA”, Magnolia Broadband
[67]
R1-102004, “Further Link Results for Reference Practical Beamforming ULTD Scheme”, Qualcomm Incorporated, RAN1#60bis.
[68]
R1-102001, “Link study of E-DPCCH impact due to SATD”, Qualcomm Incorporated, RAN1#60bis.
[69]
“AN-6088: FAN5902 power management solution for improving the power efficiency of 3G WCDMA RF power amplifiers”, Application Note, Fairchild Semiconductor Corporation, 2009
[70]
R1-102435, “Link study of HS-DPCCH impact due to BFTD in Soft Handover Conditions  “, Qualcomm Incorporated, RAN1#60bis
[71]
 “CDG System Performance Tests, Revision 3.0, CDG 35”, CDMA Development Group, April2003.
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

*************************************** TEXT END ************************************
*************************************** TEXT OMITTED ************************************
*************************************** TEXT START ************************************
5.3.2
System Simulation Parameters

The parameters used in the system evaluations are summarized in Table 3. Notice that an asterisk (*) is used to indicate simulation cases of lower priority.

Table 3: Parameters used in the system level evaluations. These are based on [6].

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000
2800 (*)

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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                                                                            = 70 degrees,   Am = 20 dB

Case 2 (3D ant): Custom antenna (e.g. Kathrein 742212) with 8 degrees down tilt (*)

Case 3 (3D ant): Based on 36.814, Table A.2.1.1.2 (*)
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The parameter 
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is the electrical antenna downtilt. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
                                                              

	Channel Model
	AWGN, PA3, VA30
PA0.1 (*)

SCM Urban Macro 3 km/h (*)

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full buffer
VoIP (*)

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 10 (Best effort data)
Variable (VoIP) (*)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic – 3 slot filtering

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target BLER = 1%

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB]

(Note 1)
	0, -4

	Short-term antenna imbalance [dB] 

(Note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25



	UE Tx Antenna Correlation
	0.3, 0
0.7 (*)

	UE Rx Antenna Correlation
	0
0.3 (*)

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair


Note 1: The long term antenna imbalance is fixed for all the UE’s in a particular simulation.
Note 2: The short term antenna imbalance value is independently generated from the distribution on a per UE per link   basis. Once generated, the short term imbalance does not change for the duration of the simulation.

5.3.3
Modeling of NodeB Receiver Loss in System Simulations
In this section, we investigate the need to explicitly model the NodeB receiver losses due to ULTD in system simulations for the simulation assumption presented in Table 3.
5.3.3.1
On the need to model to NodeB Receiver Loss in System Simulations due to Switched Antenna Transmit Diversity
A link study based on the simulation assumptions in Table 3 was performed to analyze the impact to NodeB demodulator due to SATD.
Table 4 shows the average set point comparisons for the baseline, genie and the practical algorithm for a PA3 channel. The average set point is computed over the duration of the simulation.

Table 4: Set point comparison between baseline, genie and practical algorithms

	
	Baseline (No TD)
	Genie SATD
	Practical SATD

	Average Set point [dB]
	-18.63
	-18.68
	-18.62


It can be seen from Table 4 that the difference in the average set point for all the three schemes is <0.1dB. Therefore, the increase that is observed for the practical antenna switching algorithm in the link simulation results (see Section 6.1.2) does not result from an increase in the set point when switched antenna transmit diversity is employed (for the PA3 channel).

Figure x1 shows the distribution of the difference in the average Rx Ec/No (estimated for TPC generation) before and after a switch. Note that the Rx Ec/No is estimated at the NodeB receiver on a per slot basis for generation of the TPC commands and is dependent on the signal quality. If a switch occurs at the boundary of frame n, then
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is the slot index. The channel is averaged over the frame, i.e, 
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is the frame index. The antenna switch occurs at the boundary of frame n.
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Figure x1: Distribution of the estimated Rx Ec/No difference averaged over a frame before and after an antenna switch.
Figure x1 shows that the Rx Ec/No increases after a switch for the most part. This is due to the fact that the channel improves due to the switch. The increase in Rx SNR would have to be compensated by inner loop power control commands so that the Rx Ec/No is reduced to the set point value. In the meantime, the increased Rx Ec/No reception at the NodeB causes the increase in Rx Ec/No at the NodeB that was seen in the link simulations performed.
It was also observed that the distribution of the Rx Ec/No (true or estimated) was identical to the baseline case with no transmit diversity when a switch did not occur. Therefore, the increase in Rx Ec/No must result from the increase seen due to a switch to an antenna with a better channel.
Since the set points for the baseline and the SATD schemes are the same, there is little to no impact due to phase discontinuities in channel estimation. 
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Figure x2: CDF of the Set point for a practical SATD algorithm and the Baseline.

It can be seen from Figure x2 that the distributions of the set points for the SATD and baseline schemes are similar. Indeed, the difference in means <0.1 and the difference in variance <0.05. Similar trends can be observed in a corresponding system simulation as seen in Figure x3.

[image: image13.emf]
Figure x3: Increase in the set point and the mean Rx Ecp/Nt due to SATD when compared to the Baseline
Figure x3 shows that the set point increase is <0.1dB whereas the Rx Ecp/Nt increases by 0.26dB. The trends in a system simulation match the ones seen in the link simulations. Therefore, further modeling of the NodeB Rx loss due to SATD in system simulator, for e.g., adding a back off to the Rx SNR may not necessary for the PA3 channel under the simulation parameters described in Table 3 since the increase in the Rx SNR is implicitly captured by the variation of the channel. As noted in section 6.1.4 the Rx performance impact is larger for more stringent BLER requirements (than 1% residual BLER after the fourth transmission) and for such operating points additional modeling of the NodeB Rx loss due to SATD may be necessary.
5.4
System Performance Evaluation Metrics

The following performance measures are considered when evaluating the system performance:

· Average user throughput as a function of cell throughput.

· 10th, 50th and 90th percentile user throughput.

· Average and 90th percentile noise rise levels.

· Average, 10th, 50th and 90th percentile of the UE transmit power.

· Number of antenna switches per second.

· VoIP outage as a function of number of users (*)

· VoIP outage is defined as the percentage of users in outage.

· A VoIP user is said to be in outage when more than 3% of vocoder frames are lost.

The performance measures have previously been summarized in [18].
*************************************** TEXT END ************************************
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