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1 Introduction
At RAN#45 it was agreed to start a study item (SI) on UL transmit diversity (UL TxD) [1]. The objective of the SI is to investigate UL TxD techniques for HSPA that comply with the following architecture:

· not requiring any newly standardized dynamic feedback signalling between network and UE,
· simultaneous transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming).
It was decided that RAN WG1 should evaluate the potential benefits of the indicated UL Tx diversity techniques. The planned completion for the RAN1 work is RAN#47.  This contribution aims at starting the discussion about relevant link level assumptions.
2 Transmit Diversity Schemes

In this section we give a brief summary of the TxD schemes that should be evaluated in this SI; further details can be found in [2].
2.1 Switched Antenna Transmit Diversity (SATD)

In switched antenna transmit diversity the UE is only allowed to transmit from one antenna at the time, but it can switch between the two available transmit antennas based on some appropriate criterion. The layer one structure, for example coding, spreading and modulation, is unaffected by SATD. SATD requires some switch that makes sure that the PA output is fed to one of the transmit antennas base on the UE criterion.
2.2 Beamforming

In beamforming the processed baseband signal is split into two equal signals which are multiplied by two different complex valued weights before they are passed on to the radio part and eventually transmitted on two different antennas. The weights could include both amplitude and phase differences. Similar to SATD all other layer 1 structure is unaffected by beamforming.
3 Discussion

The potential gains for the different UL TxD schemes will depend on the scenario as well as on the chosen simulation parameters. To have a fair assessment of the potential gains we need to make sure that we target the relevant scenarios and span the appropriate parameter space. In this section we briefly discuss these issues. Please note that a summary of candidate parameter settings can be found in the tables in Appendix A.
3.1 Simulation Scenarios

It is fairly easy to envision different scenarios that will impact the performance of the UL TxD schemes differently. One important aspect is on what time scale we are targeting. Whether we explore short term or long term effects will have a fundamental impact on simulation assumptions, algorithm solutions, robustness, and possibly complexity. The most obvious short term effect is the fast fading. If we want to explore fast fading effects we need to react fast and have quite dynamic algorithms. If we, on the other hand, target more long term effects, like slow environmental changes or antenna pattern differences, algorithms can adapt slower and there are other sources of information that can be used to base switching decisions on. A particularly interesting scenario to consider is (semi) stationary users, e.g. an indoor laptop user. Obviously, one can cover both short term and long term effects in the study item. However, we will need different simulation assumptions in order to cover the different scenarios. Some of these parameters are discussed in the next section. 
3.2 Simulation Parameters 
3.2.1 Transmitter settings

Most of the transmitter parameters can be common for all scenarios. However, the performance of the different methods will of course depend on how we set the parameters. For example, since diversity suffers from diminishing return, the gain from UL TxD will be less pronounced the more diversity we acquire by other means. Examples of such means include TTI length, number of retransmissions, and number of Rx antennas. In order to limit the number of combinations we think it is sufficient to consider an E-DCH user with quite few combinations of transmitter parameters. More detailed parameter settings are given in Table 1 in Appendix A.
3.2.2 Channel models

Many short term effects can be adequately captured by traditional channel models like Ped A and Veh A. Here it might be of interest to consider different UE speeds to take into account the effect of different channel coherence times for SATD. Also, for beamforming it could be of relevance to have different Tx antenna correlation. For beamforming and some of the long term effects it might be necessary to consider more realistic propagation scenarios, e.g. the 3GPP spatial channel model (SCM) [3], possibly also with more realistic antenna diagrams. This might be needed in order to investigate how gains depend on certain UE positions and angles, and whether it is easy to control the beams in a changing environment. In particular, this prevent us from choosing an algorithm that works well with a fixed antenna and propagation characteristics but performs badly in all other scenarios. To capture long term semi-static behaviors, e.g. antenna pattern differences we would need to introduce some artificial model. For example a fixed gain offset that changes between the different antennas at some time instances. More detailed parameter settings are given in Table 2 in Appendix A.
3.2.3 Receiver parameter settings

For simplicity we consider an LMMSE receiver with 2 RX antennas as a baseline. In order to capture the impact of an antenna switch (or beam change) on the NodeB receiver performance we should consider realistic channel estimates, while the searcher can be ideal. The inner power control loop should be on, whereas it is more debatable whether the outer loop should be on or off. In order to minimize the impact of algorithm imperfections on the TxD performance it is better to turn the outer loop off (allows for simpler evaluations of results). However, in order to capture some realistic effects the outer power control loop needs to be turned on. An example of such an effect is if the UE switch to an antenna with worse propagation conditions it will results in an unsuccessful reception at the Node-B, which could result in that the outer loop increases the SIR target and power is wasted. More detailed parameter settings are given in Table 3 in Appendix A.
3.2.4 Error models

To get a fair assessment of the performance some error models can be included in the simulations. Typical error models can involve TPC error probability, TPC delays and E-HICH error probability, but in the end it will depend on the algorithm choice.
3.3 Performance metrics

Another question is what performance metrics that are of relevance to capture the UL TxD performance. A natural choice would be to consider the required UE output power to meet a certain QoS, e.g. a fixed throughput or BLER (e.g. 1% total BLER for a given transport block size). Note that both the mean and the variance of the output power are of relevance in order to capture a diversity gain. Needless to say, we should compare all TxD results (SATD and beamforming) with a reference case that is one transmit antenna without TxD configured.
4 Conclusions

In this contribution we have discussed relevant link level assumptions for the newly started study item regarding uplink transmit diversity. It is proposed that RAN1 discuss these assumptions and agrees on a set of common parameters.
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6 Appendix A – Summary of Simulation Assumptions
Table 1
 Simulation parameters – Transmitter.
	Parameter
	Value

	Schemes
	No TxD, SATD, and beamforming

	TTI
	2ms

	Transport block size
	4019

	E-DPDCH/DPCCH
	8 dB

	Max number of transmissions
	4


Table 2
 Simulation parameters – Channel models.
	Model
	Parameters
	Value

	Ped A
	Speed
	3 kmph

	
	Tx antenna correlation
	0 and 0.7

	Veh A
	Speed
	30 kmph

	
	Tx antenna correlation
	0 and 0.7

	SCM – Suburban Macro
	UE characteristics
	Random orientations with a fixed distance (e.g. 100m) to NodeB

	
	Antennas
	Ideal BS antennas
Ideal and realistic UE antennas


Table 3
 Simulation parameters – NodeB.
	Parameter
	Value

	Receiver
	LMMSE

	Number of Rx antennas
	2 and 4*

	Channel estimation
	Realistic

	Path searcher
	Ideal

	TPC loop delay
	2

	TPC error rate
	4%

	ACK/NACK error rate
	1%
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