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1. Introduction

In TSG RAN#50, a work item [1] was opened to investigate the performance of uplink transmit diversity techniques (ULTD). One of the objectives of this work item is to confirm the performance gains of closed loop uplink transmit diversity (CLTD).

In this contribution, we propose a set of system simulation assumptions/metrics to evaluate the uplink system performance of closed loop uplink transmit diversity techniques. These are similar to those used for the study of open loop transmit diversity techniques in [2].  For further description on the closed loop transmit diversity techniques themselves – both practical and genie, we refer the reader to [2], [3].
2. System Level Parameters

Table 1: Closed Loop Uplink Transmit Diversity System Level Parameters
	Parameters
	Values and comments

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

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

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

	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):                                                     

[image: image1.wmf]dB

3

q

              

[image: image2.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

                                                                              = 70 degrees,   Am = 20 dB

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

	Channel Model
	PA3, VA30
AWGN(*), PB3(*)

	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 (Full Buffer Traffic)
Variable (VoIP Traffic) (*)

	NodeB Receiver
	Rake (2 antennas per cell), 

Equalizer (*)

	Channel Estimation
	Realistic – 3 slot filtering

	NodeB Receiver Loss due to CLTD algorithms
	[FFS] (see section 3)

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=1% after 4th trans for Rake 
2ms TTI,Max # of trans =4,Target BLER=10% after 1st trans for EQ(*)

	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, 0.3(*), 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

	Practical CLTD Weight Generation
	Based on realistic channel estimate to maximize the composite channel gain of the serving radio link set

	Practical CLTD Weight Update
	Period
	1 slot

	
	Delay
	2 slots

	
	Error Rate [%]
	Bit Error = 2%, Symbol Error ≤ 4%

	
	Channel Estimation
	Realistic (3 slot filtering)


An asterisk (*) indicates lower priority cases.
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.

Note 3: Although the system simulation assumptions only indicate 2ms TTI, this feature is in general also applicable to 10ms TTI and for R99 DPDCH as well.

3. Modelling Receiver Loss
Application of beamforming weight vector (potentially different every slot) at transmitter introduces discontinuities in fading channel statistics seen at the receiver side. This can lead to degraded channel estimation quality at the NodeB receiver. Typically, such degradation is overcome at the receiver by requiring a higher true Ecp/Nt seen in the channel. 

Previously there has been some discussion on modelling such a receiver loss due to ULTD in system simulations. There are at least two alternate ways of modelling this loss:-
1. Apply a channel type dependent back off to the pilot SINR computed in the system simulation to model degraded channel estimation quality compared to no ULTD case.

2. Use new set of short-term curves generated from link simulation specifically for closed loop transmit diversity.
Whilst method 2 might is an accurate way of modelling receiver loss, it might be an overkill. Method 1 provides an simple way to capture this loss, however, it is contingent on coming up with an accurate back off factor. A reasonable choice for the back off could be the difference in true Ecp/Nt between CLTD and no ULTD from link simulation data. Furthermore, for method 2 to be an accurate in modelling receiver loss, it assumes that there is a constant shift between the short-term curves for CLTD and no ULTD case, i.e., the two short term curves are similar in their slope. Whether this is a valid assumption should be a topic of further discussion.   

Proposal 1: Discuss and decide on how to model NodeB receiver loss due to CLTD algorithms, if any.

4. Other Issues

Practical closed loop uplink transmit diversity has various design issues that are open for discussion. These include but are not limited to:-

· UL pilot channel structure

· Feedback scheme design

· Single or dual power control loop

· If multiple NodeB’s can generate precoding feedback then how does the UE combines multiple PCI

commands into one common PCI? 

Most if not all of the design considerations listed above would have impact on system simulation results, albeit not to any drastic extent. Hence, it is proposed to discuss and decide on a default design for these issues to help progress the system simulation efforts.
Another open issue is related to the simulation of genie transmit diversity scheme. Companies have shown interest in evaluating two flavours of the genie scheme:-

· Based on singular value decomposition (SVD) approach

· Based on equal gain on each antenna approach

It is proposed to discuss on a desired approach to simulate genie transmit diversity scheme.
Proposal 2: Discuss and decide on a default related to both practical and genie closed loop transmit diversity design to enable progress of system simulation effort.

5. Performance metrics
The following metrics should be evaluated and compared between systems with and without closed loop uplink transmit diversity:
· Average and 10th percentile UE throughput – Absolute throughput as well as gain/loss of closed loop ULTD over no ULTD

· Average UE total transmit power – Absolute total transmit power as well as any reduction/increase from closed loop ULTD

· Average UE primary DPCCH transmit power – Absolute primary DPCCH transmit power as well as any reduction/increase from closed loop ULTD

· ROT – Mean and 90th percentile 

Whilst the above mentioned metrics are important to capture the gains from CLTD algorithms, companies are encouraged to provide any additional statistics that may shed insight into these algorithms. 
6. Conclusions

A set of system level simulation assumptions and metrics are proposed to evaluate the performance of closed loop uplink transmit diversity in HSPA.
Two alternate options for modelling receiver loss due to closed loop ULTD are also discussed. It is proposed to discuss on the best way forward for modelling NodeB receiver loss in system simulations, if any.
Some open design issues that have impact on system simulation results have been highlighted. It is proposed to agree on a default design to help progress the system simulation effort.
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