
2

3GPP TSG RAN WG1 Meeting #58bis
R1-094070
Miyazhaki, Japan
12 – 16 October, 2009

Source:
QUALCOMM Europe
Title:
Link Simulation Assumptions and Metrics for Open Loop Uplink Transmit Diversity
Agenda item:
5.6
Document for:
Discussion
1. Introduction

In RAN#45, a study item [1] was opened to investigate the performance of uplink transmit diversity techniques that do not require any new standardised dynamic feedback signalling between the network and the UE in HSPA.

In this contribution, we propose a set of link simulation assumptions/metrics to evaluate the uplink system performance of open loop uplink transmit diversity. The assumptions/metrics are provided for both switched antenna transmit diversity and transmit beamforming.
2. Link Simulation Assumptions

Table 1: Open Loop Transmit Diversity Link Simulation Assumptions
	Parameter
	Value

	Physical Channels
	E-DPDCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	307

	20*log10(βed/βc) [dB]
	8

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Number of H-ARQ Processes
	8 

	Target Number of H-ARQ Transmissions
	4

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	Rate Matching Parameter 
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	0.33

	Rate Matching Parameter 
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	0.44

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4%

	Propagation Channel
	AWGN, PA3, PB3, VA30

	NodeB Receiver Type
	Rake Receiver

	ULTD Modes
	Switched Antenna (1 PA), Beamforming (2 PA)

	ULTD UE Transmitter Type
	Reference UE Transmitters as defined in [2], [3] and  Practical UE ULTD algorithms

	Transmit Antenna Imbalance [dB]
	-6, -3, 0, +3, +6


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

3. 
Uplink Transmit Diversity Modes

In this section, we present two different modes of open loop uplink transmit diversity in HSPA using two antenna transmit ports:

·  Switched Antenna Transmit Diversity

·  Transmit Beamforming
3.1. Switched Antenna Transmit Diversity

Figure 1 illustrates the switched antenna uplink transmit diversity scheme in HSPA. In this case, the physical layer processing, including spreading, modulation and the power amplifier is identical to a legacy device. The output of the modulator is switched between the two transmit antennas based on the UE’s knowledge of which is the best antenna to transmit on at any given time.
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Figure 1: One transmit chain, Two antenna transmit ports: Switched Transmit Antenna Diversit
3.2. 2.2
Transmit Beamforming

In the most general terms, as shown in Figure 2, transmit beamforming refers to splitting the incoming signal into two unequal power streams, with a phase shift (relative to the first steam) applied to the second stream.
[image: image4.emf]X

X

2

1

 



X



j

e


Figure 2: Transmit Beamforming
Figures 3 and 4 illustrate two forms of uplink transmit beamforming. Both these schemes require 2 power amplifiers (PAs) and two transmit antennas. The two schemes differ based on the order in which the modulation and beamforming are performed. 

In Figure 3, the output of an existing legacy transmit chain is connected to a transmit beamformer, whose outputs connect to the transmit antenna ports via the corresponding PA/Duplexer.
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Figure 3: Transmit Beamforming: One transmit chain, Two PAs, Two transmit antennas

In Figure 4,  beamforming is applied at the output of the spread signal and then each output of the beamformer is modulated. Each modulated output then connects to a separate antenna via a PA/Duplexer.
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Figure 4: Transmit Beamforming: Two transmit chains, Two PAs, Two transmit antennas

4. Performance metrics
This section indicates metrics that need to be computed to evaluate the uplink transmit diversity schemes. A set of general metrics are proposed as well as specific metrics pertaining to each OLTD scheme. 
4.1. General Metrics

4.1.1. Link Efficiency

[image: image7.emf]T/P [dB]

Average

Eb/Nt 

[dB]


Figure 5: Link Efficiency: Eb/Nt [dB] v/s T/P[dB]
The Average Eb/Nt is derived as follows:
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4.1.2. Uplink Transmit Ec/No v/s T/P
[image: image9.emf]T/P [dB]

Uplink 

Transmit 

Ec/No 

[dB]


Figure 6: UL Transmit Ec/No v/s T/P
The average transmit Ec/No [dB] at the UE of the transmit diversity scheme is compared with the Tx Ec/No when the UE does not employ any transmit diversity. The transmit Ec/No corresponds to the transmit power at the UE with the path loss and the channel abstracted out. It can be defined as 

Tx Ec/No [dB] = UETransmitPower(for eg. 10dBm) – PathLoss – Noise
Any reduction in the average transmit power translates to throughput gains in a system simulation.

4.1.3. E-DCH Residual BLER v/s Maximum Uplink Transmit Power Ec/No 
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Figure 7: BLER v/s Maximum Uplink Transmit Power Ec/No 

The maximum transmit power is constrained in this metric. If the required transmit power exceeds the maximum, then equal power scaling is performed on all the channels. Since the OLTD schemes result in transmit power reduction, this metric shows the improvements in coverage that can be achieved.
4.1.4. Number of Incorrect Decisions per second
This metric serves as an indicator of how often the open loop uplink transmit diversity algorithm makes an error in selecting the right hypothesis. 

In the case of switched antenna diversity, an incorrect decision corresponds to selecting the antenna with weaker channel energy over the last radio frame where channel energy is the average of the combined energy of all the channel paths for one radio frame.
In the case of transmit beamforming, an incorrect decision corresponds to selecting the beamforming weight that would not have led to a maximum average SNR (over the current time slot) at the NodeB receiver. 
4.2. Metrics for Switched Antenna Diversity

4.2.1. Number of Antenna Switches per second

This metric is a measure of how often the UE switches the transmit antenna port per second. Any practical schemes would have to indicate the antenna switch rate. High antenna switch rates lead to phase discontinuities which could result in channel estimation losses and therefore would have to be weighed against any gains obtains in the transmit power levels.
4.3. Metrics for Transmit Beamforming Diversity

4.3.1. Distribution of Amplitude and Phase Offset between two beams

This metric is a measure of the different phase and amplitude offsets that are employed at the UE across the two antennas. 
5. Conclusions

A set of link level simulation assumptions and metrics was proposed to evaluate the performance of uplink transmit diversity techniques that do not require any new standardised dynamic feedback signalling between the network and the UE in HSPA
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