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1. Introduction
The Uplink Tx Diversity SI was discussed in a few recent RAN1 meetings, with the latest outcome available in [1], [2]. The purpose of this document is to highlight selected LL simulation results presented in RAN1 [3]. In particular, we draw the group’s attention to the fact that gains of UL Tx diversity are, as expected, observed mainly in scenarios of low propagation channel diversity, such as the Pedestrian A delay profile. Reduced gains or losses are observed in channels with significant multipath or time diversity.

2. Simulations
2.1 
Algorithm Description

The results presented in this document correspond to the practical algorithms described in [4] (beamforming) and [5] (antenna switched diversity). The detailed simulation assumptions are can be found in the Annex.
2.2
Simulation Results

We recall simulation results presented in [3]. Table 1 shows the Tx diversity gains obtained for different Tx antenna correlation and under a range of propagation conditions. We observe the following:

· In the case of beamforming, highest Tx power gains are obtained under the pedestrian A, 3 km/h propagation conditions, where there is virtually no time or multipath diversity. Gains reduce in the presence of the vehicular A delay profile, whose RMS delay spread of 370ns is more representative of NLOS propagation in a macrocellular environment [6]. As expected, the gains increase as Tx antenna correlation increases.

· In the case of antenna switching diversity, Tx power gains are smaller than for beamforming. Practically meaningful gains are only seen in the pedestrian A channel profile.

· In nearly all cases a small negative Rx Ec/N0 is observed, i.e. the Rx Ec/N0 is increased in the presence of open loop antenna diversity. Thus, the inter-cell interference advantage from a lower Tx power is to some extent offset by the higher own cell noise rise; system level simulations are needed to capture both of these effects.

Table1  Tx diversity gains under different propagation conditions
	Tx Antenna Correlation
	Open Loop Beamforming
	Open Loop ASD

	
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	UE Tx power gains [dB]

	0%
	1.71
	0.54
	0.04
	1.03
	0.38
	-0.02

	30%
	1.74
	0.77
	0.29
	1.21
	0.34
	-0.05

	70%
	2.30
	1.69
	1.32
	0.76
	0.24
	0.01

	Node B Rx Ec/N0 gains [dB]

	0%
	-0.30
	-0.29
	-0.05
	-0.40
	-0.20
	-0.08

	30%
	-0.40
	-0.20
	0.05
	-0.30
	-0.10
	-0.11

	70%
	-0.30
	-0.20
	0.24
	-0.20
	-0.10
	0.02


Note: A positive Tx power gain means less Tx power, and a positive Rx Ec/N0 gain means smaller Rx Ec/N0, compared to the reference single Tx antenna configuration.

3. Conclusion

In this document, we highlight the fact that UL Tx diversity gains have been observed mainly in the pedestrian A propagation conditions. The gains obtained in the vehicular A profile, which is more representative of macrocellular NLOS propagation, are significantly lower. The system simulation results [7][8][9][10][11][12][13][15] confirm this finding, although we note that in [14] similar gains are reported in both the pedestrian A and vehicular A environment.

4. Annex: Simulation Assumptions

Table 2 Simulation assumptions
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020

	Number of physical data channels and spreading factor
	2ms TTI TBS2020: 2xSF2

	20*log10(βed/βc) [dB]
	2ms TTI TBS2020: 9

	20*log10(βec/βc) [dB]
	2ms TTI: 2

	Number of H-ARQ Processes
	2ms TTI: 8

	Target Number of H-ARQ Transmissions
	2ms TTI: 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

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic,   3 slots

	SIR Estimation
	1 slot

	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
	 PA3, VA3, VA30,

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	 0 
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 for algorithm [4]
	12o, 25o

	UE DTX
	OFF

	Soft Handover
	OFF  
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