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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 present additional simulation results under an incorrect TPC delay assumption in the UE. It can be observed that the beamforming algorithm [4] is susceptible to this assumption.

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

In table 1, we present set of results, to assess the impact of the UE assuming an incorrect TPC command delay. This assumption is crucial to the beamforming algorithm [4], which is effectively a closed loop scheme that measures the link quality (as indicated by TPC commands from the Node B) after each adjustment of the antenna weights. For the loop to operate correctly, it is necessary that the association between the weight adjustment timing and the TPC feedback is correct.

This aspect has not been taken into account in the RAN1 analysis, i.e. all reported simulations were performed under the assumption that the TPC delay is known to the terminal. However, the TPC command delay, and more generally, the power control behaviour in the Node B is not mandated by the specifications. Thus, the delay, among other parameters, is vendor and deployment specific, including dependency on propagation delay or cell size, or conceivably even on hardware loading. As can be seen from table 1, getting the TPC delay wrong (by 1 slot) may have serious consequences for beamforming, leading to a significant performance loss instead of the hoped gain.
Table1 Impact of incorrect TPC command assumption in the terminal
	Tx Antenna Correlation
	Open Loop Beamforming
	Open Loop ASD

	
	PA3
	VA3
	VA30
	PA3
	VA3
	VA30

	UE Tx power gains [dB]

	0%
	-3.26
	-1.67
	-0.99
	0.94
	0.42
	-0.04

	Node B Rx Ec/N0 gains [dB]

	0%
	-2.15
	-1.04
	-1.05
	-0.20
	-0.09
	-0.12


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.

In all cases (both the beamforming and ASD) a negative Rx Ec/N0 was observed in all simulated propagation conditions, i.e. the Rx Ec/N0 was increased in the presence of open loop antenna diversity. If Tx power gains are available at the same time, system level simulations are needed to capture both of these effects.

3. Conclusion

In this document, we highlight the fact that the beamforming algorithm [4] is sensitive to the assumed TPC command delay. Means in both the network and UE can be conceived to ensure the correct assumption, however this would come at some extra complexity.
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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