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1 Introduction

Per-Antenna Rate Control (PARC) is a well-known ‘MIMO’ technique that has been proposed for use in UTRA [1]. There is also a well-known theoretical result showing that PARC should be capable of achieving the open-loop capacity of the channel [1,2,3]. However, the ability to achieve close to capacity when channel feedback is available depends upon the availability of suitable Adaptive Modulation and Coding (AMC) combinations to permit transmission at an appropriate rate on each antenna. In practice the available set of AMC transmission rates will be limited, and this results in a minimum SINR below which PARC cannot operate effectively. 

However, a simple extension to PARC can widen the useful operating region into a lower range of SINR. This is achieved by utilising one or more of the available transmit antennas for transmit-diversity in situations where the SINR does not support transmission of an additional information stream.  The scheme is described here with reference to PARC (Proposal 1 in [1]); however, it is expected to be equally applicable to PARC-variants, such as S-PARC (Proposal 7 in [1]), and the ideas could potentially be applied in other spatial-multiplexing schemes.

2 Per-Antenna Rate Control (PARC)

For background, the following description of PARC is copied from Section 5.2.1.1. of [1]:

The block diagram below shows the basic physical layer structure of the HS-DSCH for PARC. A block of data corresponding to a single high speed data stream is demultiplexed into a maximum of T low-rate streams, where T is the number of transmit antennas. Each of these low-rate streams is turbo encoded, interleaved, and mapped to either QPSK or 16QAM symbols. Because different coding rates and symbol mappings can be used on each low-rate stream, the number of information bits assigned to each stream can be different. The symbols for a given low-rate stream are associated with a particular transmit antenna. They are further demultiplexed into a maximum of C substreams, where C is the maximum number of HS-PDSCH defined by the UE capability. These substreams are spread using distinct OVSF channelization codes, summed, and then modulated by a scrambling code. The resulting CDMA modulated low-rate stream is transmitted from it associated antenna.
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3 A transmit-diversity mode for Per-Antenna Rate Control (PARC-Diversity)

The figure below shows an example of the proposed transmitter architecture. Whereas in PARC the input data stream is demultiplexed into T substreams each carrying different information, instead the data stream is copied, such that each substream carries identical information. This simple modification produces a ‘PARC-Diversity’ mode offering operation at lower SINR, albeit at decreased throughput.
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Although it is possible to transmit exactly the same symbol stream via each antenna, it is advantageous to perform a ‘decorrelation’ operation on the additional ‘diversity’ substreams, such that the transmitted symbol streams are different. This will be discussed in more depth in Section 3.1.

In the architecture illustrated in the above figure, all T antennas are employed for the diversity transmission of one data stream. It is also possible to employ a flexible mix of diversity and spatial-multiplexing. For example, a transmitter equipped with T=4 antennas may employ any of the following combinations:

a. Demultiplex into 4 substreams (conventional PARC)

b. Demultiplex into 2 substreams and create a copy of each of these substreams

c. Demultiplex into 2 substreams and create two additional copies of one of these substreams

d. Create three additional copies of the input data stream

These four options are illustrated in the following diagrams.
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In the diversity modes, such as those illustrated above, rate control may still be applied per demultiplexed substream; however, this is no longer necessarily ‘per-antenna’. Reports from the UE of the channel quality for each demultiplexed substream are used by the Node B to choose an appropriate transmission rate for that substream and/or switch between different diversity configurations such as those illustrated above. For example, when the SINR becomes too low to support a PARC spatially-multiplexed substream from a particular antenna, this antenna can instead be employed for diversity transmissions of one of the other substreams. As in conventional PARC, antenna selection transmit diversity remains a possibility for situations where the SINR is too low to support even the lowest PARC-Diversity transmission rate.

An appropriate set of modulation and coding rates for PARC-Diversity modes used in conjunction with conventional-PARC would be for further study.

In the case of two antennas, as is currently under consideration for HSDPA in Release 7, only options a and d would be needed.

3.1 Decorrelation of substreams

As stated previously, it is recommended to decorrelate the diversity versions of a particular demultiplexed substream, such that the symbol streams transmitted over the air are uncorrelated despite carrying identical information. This has two advantages:

1) Retains similarity between conventional and diversity-PARC in the more complex receiver processing (e.g. MMSE). This is because in both cases the receiver processes uncorrelated transmitted symbol streams.

2) Prevents cancellation in the channel. For example, if identical signals were transmitted from two antennas and the channels to a particular receive antenna have (more or less) opposing phases, then the two signals combine destructively, giving little received power. This phenomenon is reduced by decorrelating the transmissions from different antennas.

A number of options are available for achieving the decorrelation. These include:

1) Scrambling – for example by exclusive-OR with a pseudo-random sequence

2) Applying different interleaving patterns on each branch, for example at bit or symbol level.

3) Applying different encoding (of the same rate), such that the coded bit-streams are uncorrelated. 

The relative merits of scrambling and interleaving would need to be investigated, considering performance and receiver complexity. Transmitter complexity seems not to be significant in either case. 

The third option is not favoured as, in addition to requiring the design of multiple same-rate codes, it requires multiple decoders at the receiver for a single demultiplexed substream.

4 Conclusions

The PARC and closely related S-PARC schemes show great promise in realising the potential benefits of MIMO transmission for HSDPA in UMTS.

A simple extension to PARC has been presented that will widen the operating region into a lower SINR range. This extension to the PARC scheme can be straightforwardly incorporated into Proposals 1 and 7 in [1], and the technique also has potential application to other spatial multiplexing schemes.

In view of the established benefits of the (S-)PARC family of schemes and the possibilities outlined here for extending the operating region into lower geometries, we propose that the (S-)PARC family of schemes should be selected to provide the basis for the way forward for MIMO in Release 7.
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-------------------------------------------Start of Text Proposal 1 for TR 25.876---------------------------------------

5.2.1 Proposal 1: Per-antenna rate control (PARC)

The PARC architecture is  motivated by an information theoretic result stating that the Shannon capacity limit for an open loop  MIMO link can be achieved if separately encoded data streams are transmitted from each antenna with equal power but possibly with different data rates, and if the receiver consists of a space-time MMSE linear filter followed by interference cancellation based on post-decoding symbols. The mobile receiver measures the signal to interference plus noise ratio (SINR) of each transmit antenna in the presence of interference from the other antennas and feeds back this information to the base. Then the base determines the data rate for each antenna. If the SINR for a particular antenna is too low to support even the lowest data rate, then that antenna is not used for transmission. Hence selection transmit diversity becomes a special case of PARC.  Note that because PARC requires the SINR information to be fed back to the transmitter, it is not strictly an open loop technique. Therefore while the PARC concept itself is not actually an open loop technique, it achieves the theoretical open loop MIMO link capacity. 

5.2.1.1 Basic physical layer structure of HS-DSCH for MIMO

The block diagram below shows the basic physical layer structure of the HS-DSCH for PARC. A block of data corresponding to a single high speed data stream is demultiplexed into a maximum of T low-rate streams, where T is the number of transmit antennas. Each of these low-rate streams is turbo encoded, interleaved, and mapped to either QPSK or 16QAM symbols. Because different coding rates and symbol mappings can be used on each low-rate stream, the number of information bits assigned to each stream can be different. The symbols for a given low-rate stream are associated with a particular transmit antenna. They are further demultiplexed into a maximum of C substreams, where C is the maximum number of HS-PDSCH defined by the UE capability. These substreams are spread using distinct OVSF channelization codes, summed, and then modulated by a scrambling code. The resulting CDMA modulated low-rate stream is transmitted from it associated antenna. 

Note that because of the flexibility of PARC, various options are available for partitioning the physical layer resources of channelization codes, scrambling codes, and transmit antennas. These options are discussed in the following subsections. 

The figure below shows multiple substreams transmitted using PARC.
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PARC can be extended to provide transmit diversity for operation in the low SINR region. The figure below shows an example of the proposed transmitter architecture for the case where all T antennas are used to make such a diversity transmission. Here the input data stream is copied, such that each substream carries identical information. This simple modification produces a ‘PARC-Diversity’ mode offering operation at lower SINR, albeit at decreased throughput.
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A ‘decorrelation’ operation is performed on the additional ‘diversity’ substreams, such that the transmitted symbol streams are different.  Techniques for achieving this decorrelation include applying different scrambling and/or interleaving in each branch.

In the architecture illustrated in the above figure, all T antennas are employed for the diversity transmission of one data stream. In the case of more than two antennas it is also possible to employ a flexible mix of diversity and spatial-multiplexing by utilising different numbers of the available antennas for diversity rather than conventional PARC transmissions.

-------------------------------------------End of Text Proposal 1 for TR 25.876---------------------------------------

-------------------------------------------Start of Text Proposal 1 for TR 25.876---------------------------------------

5.2.7.1 Basic physical layer structure of HS-DSCH for MIMO

The essence of the approach presented here is to adaptively select the number of antennas from which to transmit, i.e., mode, as well as select the best subset of antennas for the selected mode.
An extension to this approach is to also include PARC-Diversity configurations, as described in Section 5.2.1.1.
-------------------------------------------End of Text Proposal 1 for TR 25.876---------------------------------------
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