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1 Introduction

MIMO for HSDPA has been studied quite extensively in TSG RAN WG1. As a decision on the standardization of MIMO for HSDPA is getting closer, we would like to start the discussion on potential work in RAN4 on the definition of minimum performance requirements in TSG RAN WG4.
2 Aspects that would need to be covered
Currently, two remaining MIMO schemes are under consideration for possible standardization in Rel-7: PARC and D-TxAA. Both schemes are multiple codeword schemes, so in case of two transmit antennas up to two separately encoded streams of data would be transmitted to the same UE, reusing the same OVSF codes. The basic concept of PARC for two transmit antennas is depicted in Figure 1, see also [1]. In what follows, we present a list of performance relevant aspect that would need to be covered, assuming the PARC MIMO scheme. In case of D-TxAA some additional aspects due to the additional feedback mechanism used (FBI bits) and the need for antenna verification would need to be checked.
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Figure 1. Basic PARC with 2 Tx antennas.
· Antenna configuration:
As in the case of the Type III performance requirements when transmit diversity is used, the basic setup for the definition of minimum performance definitions would be a two receive antenna terminal receiving HS-PDSCH from a Node B using two transmit antennas. Therefore a 2x2 antenna configuration is not new in TSG RAN WG4 and could be handles in exactly the same way as before.

· Channel models:
Although in case of MIMO the minimum performance would need to be defined quite differently compared to a combination of transmit diversity and Type III receivers, the selection of the assumed channel models does not necessarily have to be different. Although correlations of the components of a 2x2 MIMO channel are an important aspect when it comes to the determination of the overall system performance and the analysis of the system wide benefits of a feature like MIMO, it is quite important in the case of minimum performance requirements to select propagation conditions that are stressing the receiver and cover more demanding cases. In that aspect, using uncorrelated IID models as it was done for the definition of performance requirements of type III receivers would certainly be a good start, as they normally would allow for most demanding data rates and stress the MIMO functionality of a UE the most. Of course if there is a strong demand for also covering correlated cases, propagation conditions using the well established SCM models for calibration (formerly called link level simulation models) could be used.
· Fixed reference channel performance:
In line with minimum performance requirements for other HSDPA UEs, also in the case of MIMO capable UEs it would make sense to specify minimum throughput requirements when using fixed transport formats. One or maybe two different combinations of transport formats for dual stream transmission with should be sufficient, as they could be selected such that a sufficient level of inter-stream separation in the receiver can be assessed. Additionally, a fixed reference channel to define minimum performance when only a single stream is transmitted to the UE might need to be defined depending on the details of possible single stream transmission modes of a MIMO Node B. All FRC requirements that are already in place for type III receivers would of course also need to be met by a MIMO capable UE.
· CQI reporting performance:
The principle of defining the CQI reporting performance of MIMO receivers in a similar way to the SISO or SIMO case, i.e. using a fixed transport format for the HS-PDSCHs at the node B and checking the BLER as a function of the reported CQI values should be possible to be reused. Depending on a possible UE capability flag that could indicate whether a UE assumes that when deriving CQI reports, the code resources contained in the CQI reports are actually scheduled to the same UE on both antennas if it gets scheduled (e.g when using inter-stream SIC), it might make sense to refine this performance assessment method by counting block errors on a certain one of the streams only when the other stream was received without error. This also depends on whether the ACK/NACK reporting mechanism is per TTI (joint ACK/NACK for all transmitted streams) or per block (separate across streas).
· HS-SCCH detection:
At this point it is not clear how the HS-SCCH structure would change with the use of MIMO. A likely scenario could be that multiple (i.e. for now two) HS-SCCHs would be used to indicate when a MIMO UE gets scheduled with multiple data streams. In line with the performance definitions for HS-SCCH detection in case of SISO/SIMO, a miss detection probability limit could be derived for the MIMO case as well. For MIMO there could be a cycling through some pattern of scheduling single and multiple stream transmission.
· ACK/NACK detection:
On the node B receiver side it would also make sense to cover ACK/NACK detection performance for MIMO. In case the ACK/NACK reporting mechanism is per TTI (joint ACK/NACK for all transmitted streams). No additional requirements beyond the existing ones are needed. Only if there are separate ACK/NACK reports per data block, additional requirements would make sense.

· Time alignment errors in the transmitter:
The same requirements as currently applicable to transmit diversity would make sense as they are putting a limit on what is an acceptable degree of loss of orthogonality of the transmit streams just caused by the node B and not the channel. 

Other aspects that would need to be covered by minimum performance requirements for MIMO capable HSDPA UEs are not foreseen. 
3 Deriving minimum performance limits
In line with the traditional way TSG RAN WG4 has worked on minimum performance requirements for HSDPA receivers in the past, the next step of the work would most likely consist in putting together a set of relevant simulation assumptions for the purpose of link level simulations.

Besides the details on the different relevant aspects listed in the previous section, an assumption on the reference receiver architecture would need to be made. From what has been discussed in TSG RAN WG1 so far, two different receiver architectures seem to be likely choices: A 2x2 linear MMSE or a 2x2 inter-stream SIC receiver. Depending on which one of them is deemed to be more relevant as a minimum performance baseline, the choice should be made. In addition (and possibly in a second run), also the minimum performance for 2x4 MIMO capable receivers could be defined.

A major part of the simulation assumptions that would need to be agreed are the exact parameters of reference channel configurations and other configuration parameters that would need to be used to cover the aspects listed in the previous section. These would include but are not limited to: Definition of new FRC cases (dual stream, potentially single stream with two Tx antennas) or new HS-SCCH configurations (up to two HS-SCCHs for one UE). Once the relevant simulation assumptions have been agreed, the usual procedure of producing simulation results for alignment first and then results including implementation margins could be carried out.
4 Conclusions

It is not foreseeable that the necessary work to derive minimum performance requirements for MIMO in HSDPA would lead to any extraordinary problems in TSG RAN WG4. The relevant performance aspects are very similar to the aspects covered in already existing HSDPA performance requirements. The creation of minimum performance requirements for MIMO in HSDPA is certainly not trivial but it seems absolutely with in the expertise available in TSG RAN WG4. It is expected that the completion of this work is feasible within reasonable time scales.
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