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1 Introduction

MIMO for HSDPA has been studied for a rather long period of time in 3GPP and a lot of work has been carried out in this area in TSG RAN WG1. After a decision in TSG RAN #30 to focus on further evaluation of just one scheme [1], a consolidation trend towards PARC was observed. Finally, a second proposal, D-TxAA, was suggested for further evaluation. This contribution is intended to give a high level overview of the PARC MIMO scheme.
2 BASIC PARC MIMO scheme with 2 Tx antennas
PARC (Per Antenna Rate Control) is a multiple codeword MIMO scheme, i.e. multiple separately encoded streams of data are encoded separately and transmitted simultaneously. The basic concept of PARC for two transmit antennas is depicted in Figure 1. The payload data is demultiplexed into two separate streams of data that are separately encoded by turbo encoders. Each stream of data gets modulated and spread by reusing the same OVSF codes for each data stream before scrambling, pulse shaping and transmission on two separate antennas. The UE would have to provide two CQI values to the Node B in order to allow the scheduler to pick appropriate modulation and coding schemes for each data stream. Such CQI reporting could be implemented by time multiplexing groups of two CQI values into the existing HS-DPCCH. The multiplexing of two simultaneously transmitted data streams (spatial multiplexing) has the advantage of being able to accommodate a higher accumulated data rate across the two streams compared to a single stream transmission if the channel conditions allow for it. The cost of the spatial multiplexing is the higher complexity for separating the two data streams in the receiver. A MIMO capable receiver would require at least as many Rx antennas as used Tx streams and needs to perform a stream separation by means of equalization and/or inter-stream interference cancellation. A common assumption on the receiver architecture would be a 2x2 linear MMSE equalizer that is equalizing a 2x2 dimensional MIMO channel in order to reach good separation between the streams. Beyond that, schemes of applying robust inter-stream interference cancellation on top of linear equalization have been discussed in the MIMO work in TSG RAN WG1.
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Figure 1. Basic PARC with 2 Tx antennas.
3 Possible combinations with single stream transmission
In this section possible combinations with single stream transmissions are briefly described in an exemplary way. The exact details of the possible combinations are not yet defined as it has not been decided whether MIMO for HSDPA will get standardized. Therefore, these details on control channel interpretation, CQI reporting, allowed combinations of multi-stream and single-stream etc are still open and would need to be defined  when the standardization of MIMO for HSDPA is going forward.

When a MIMO capable UE evaluates the channel quality, it determines whether the achievable payload for a given target BLER value could be made larger by using two separate data streams (one on each antenna) or just one single stream of data that could either be transmitted on a single antenna or could be transmitted using transmit diversity (TD).
In case the channel quality evaluation results in a preference for two separate streams, two corresponding non-zero rate CQI values would be reported in one CQI report group. The Node B scheduler would have information about which data rates to schedule in the two data streams if the UE that reported this CQI group gets scheduled.

If the channel quality evaluation results in the preference for a single data stream, one zero-rate CQI and one non-zero rate CQI value would be reported in one CQI report group. 
If the associated R99 DCH was not transmitted with TD and the UE indicates one zero-rate CQI in a CQI group, the Node B could decide whether to use the available HS-PDSCH power for only one Tx antenna, i.e. the one indicated by the non-zero rate CQI (selective PARC or S-PARC concept) or whether the power would still be split between two antennas and two data streams for different UEs would be scheduled on the two Tx antennas reusing the same OVSF codes simultaneously (SDMA). 
If TD was used on the associated R99 DCH, also the HS-PDSCH could be transmitted in the same transmit diversity mode. So if in that case the UE would indicate one zero-rate CQI, the Node B could decide on whether to use one of the Tx antennas to serve that UE (S-PARC or SDMA case as described above) or whether to transmit with the same TD mode as used on the R99 associated channel.
In the downlink there would need to be means for the UE to detect when it got scheduled at which antenna. This could be achieved by using up to two simultaneous HS-SCCH transmissions to a single UE. As the UE has to be capable of monitoring up to four HS-SCCHs, there should not be an issue with that. When the UE detects that two HS-SCCHs were sent to it (so when it is able to decode two of them successfully), it knows that two streams of data have been scheduled for that UE. If there has only been one HS-SCCH sent to the UE, it knows that only one stream of data was scheduled to that UE. The mapping between HS-SCCH and antenna index can be done implicitly by interpreting the OVSF code index number on which the scheduling information is carried.
As an example, the combination of PARC for two Tx antennas and R99 transmit diversity described in Figure 2. It is assumed that the CQI reporting is grouped into two consecutive CQI reports. This assumption is just one possible method on how the CQI reporting could be accommodated. 
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Figure 2 Combination of PARC with 2 Tx antennas and R99 transmit diversity.
Depending on the reported CQI values, the Node B transmitter can determine whether to use spatial multiplexing (upper portion in Figure 2) or just single stream transmission (lower portion of Figure 1). The Node B could signal the scheduling of a specific UE by using up to two HS-SCCHs in case of two transmit antennas. If a MIMO capable UE detects scheduling information meant for that UE on only one HS-SCCH, it is scheduled with R99 transmit diversity mode. If it detects scheduling information meant for that UE on two HS-SCCHs in parallel, it is scheduled with spatial multiplexing mode.
This high level description is an example of how the proposed combination of PARC and R99 transmit diversity could be operated. In a similar way the combination of PARC with antenna selection or PARC with multi-user scheduling across antennas (SDMA) could be achieved.
In general the choice of which single-stream transmission scheme is actually used should be a choice of the Node B scheduler implementation. If the simple solution of using one or multiple HS-SCCH transmissions to the same UE is in place, any of the above mentioned combinations can be supported easily by MIMO capable UEs.

4 Conclusions

This document presents a high level description of the PARC MIMO scheme and how it could be combined with single stream transmission. In case that such scheme would get standardized, RAN TSG WG4 would need to start work on definition of minimum performance requirements. The information contained in this document is intended to facilitate that process.
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