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1. SUMMARY

In addition to MIMO techniques for UTRA FDD, MIMO for UTRA TDD was included into the MIMO WI in the RAN#18 meeting. In WG1#30, the updated MIMO WI sheet to also include UTRA TDD into the WI was presented [1].

Investigations on MIMO techniques have so far concentrated on UTRA FDD. In this contribution, we present several MIMO candidate techniques for UTRA TDD and discuss their applicability and perceived merit in a UTRA TDD context. Finally, a proposal is made for inclusion of a subset of these considered candidate MIMO techniques into the TR for further evaluation.

2. Introduction

Multiple-Input Multiple-Output (MIMO) processing employs multiple antennas at both the Node B transmitter and the UE receiver. While the deployment of base station antenna arrays is already commonly used in wireless communication systems, it is really the simultaneous deployment of antenna arrays in base station and terminals that enables significant increases in capacity and data rates. MIMO techniques can be classified into two categories:

(1) Combinations of multiple antennas Tx diversity (or Beamforming) in the DL and multiple antennas Rx diversity in the DL,

(2) Code reuse schemes.

Generally speaking, the methods in the first category require less standard changes compared to the methods in the second category. For both categories, MIMO processing is particularly attractive for UTRA TDD.

For the first category, channel reciprocity enables Closed-loop Tx diversity (or beamforming) without feedback signalling in the UL. For the second category, efficient MIMO equalizers can be designed using techniques that are already used in common UTRA TDD receivers, such as approximate Cholesky decomposition and FFT based matrix inversion.

In the following, MIMO methods belonging to the first category are further discussed in Section 3.1 and Code reuse schemes in Section 3.2.

3. Discussion of candidate schemes for UTRA TDD

3.1 Combinations of multiple antennas Tx diversity (or Beamforming) in the DL and multiple antennas Rx diversity in the DL

3.1.1 STTD-based Open-loop Tx diversity with Rx diversity MUD

STTD based schemes were proposed for UTRA FDD [2]. The main motivation for Open-loop schemes in UTRA FDD is to avoid the need in UL feedback signalling required for Closed-loop methods.

In UTRA TDD however, applying STTD to the transmitted signal, results in an unacceptable complexity increase to the MUD receiver. On the other hand, channel reciprocity in UTRA TDD enables Closed-loop diversity and beamforming without UL feedback signalling.

We therefore conclude that STTD based methods are not an attractive option for UTRA TDD.

3.1.2 DOA-based DL beamforming with Rx diversity MUD

As for the previous scheme, the main motivation for proposing this scheme for UTRA FDD is to avoid the need in UL feedback signalling. The antenna weights can be obtained by estimating the direction-of-arrival (DOA) of the UE’s from the received UL signal.

This scheme is also applicable to UTRA TDD and does not have any impact on the UE receiver.
3.1.3 Closed-loop Tx diversity (Tx AA) with Rx diversity MUD

In this scheme, the antenna weights are determined to maximize the Rx signal power at the UE. In UTRA FDD, the antenna weights are obtained from the estimated DL channel impulse responses, and then quantized and signalled via UL feedback signalling to the Node B. The performance gain of this method in UTRA FDD is limited due to quantization errors, signalling errors and furthermore signalling delays.

In UTRA TDD however, channel reciprocity enables the derivation of the antenna weights from the UL channel response, avoiding the need in UL feedback signalling. As a result, the UTRA TDD performance gain is not affected by quantization and signalling errors. Delay errors may still be a factor for high-speed mobiles, depending on the UL-DL timeslot delay.

We believe that this method appears a very attractive option for UTRA TDD as it offers significant performance gains, while requiring relatively minor changes in the specifications. Furthermore, as a simpler alternative to Tx AA, Selection Transmit Diversity (STD) may be considered.

3.1.4 Eigen DL beamforming with Rx diversity MUD

This concept was proposed to overcome the limited UL bandwidth for feedback signalling characterizing the application of Closed-loop Tx diversity (or beamforming) methods to UTRA FDD [3]. It exhibits significant performance gains when the spatial covariance matrix can be accurately represented by a single eigen-beam. The performance gains become significantly lower when this approximation does not hold.

We think that there is no strong motivation to consider this method for UTRA TDD, because UL feedback signalling is not required for Closed-loop Tx diversity (or beamforming) in UTRA TDD.

3.2 Code reuse schemes

In the following, mainly BLAST-based code reuse schemes are considered, representing the most representative case for this category of MIMO techniques.

When multiple antennas are used at the both the transmitter and the receiver, higher data rates can be achieved by transmitting independent information streams on the different transmitter antennas reusing the same spreading codes. The receiver can separate these parallel streams by exploiting the distinct spatial characteristics of each streams. Information theoretic studies predict that this class of methods can achieve significant increases in capacity and data rates. In an independent Rayleigh scattering environment, the theoretical rates grow linearly with min(M,N), where M is the number of Tx antennas and N is the number of Rx antennas. However, the optimal scheme required to guarantee the theoretical rates is perceived to be unfeasible with current and “around the corner” technology. There exist feasible sub-optimal schemes that need to be evaluated relative to the theoretical bounds and the other methods proposed in this contribution.

Compared to the techniques presented in section 3.1, code reuse schemes are likely to require more changes to the existing R99/REL4 baseline specifications.

For example, separating the parallel data streams in the receiver requires that the UE receiver estimates the channel impulse response for each of the Tx-Rx channel responses 
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 from Tx antenna j to Rx antenna i. In UTRA TDD, this would require a change in the design of the midamble training sequences to enable a distinct midamble for each Tx antenna at the Node B.

This method will also require a more complex receiver at the UE. We think though that based upon the availability of advanced receiver technology already for R99/REL4 UTRA TDD, code reuse based MIMO techniques should be seen as an extension path of existing UE receivers rather than a fundamentally new approach to design the UE receiver for accommodating MIMO architecture.

For example, the MIMO received signal can be modelled as,
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where the matrix H can be approximated as a block-circulant and as a block-Toeplitz matrix where each block is composed from all channel response pairs at time instant k,
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Here, 
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 represents the concatenated spread symbols streams and 
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 denotes the intercell interference and ambient noise. The structure of H enables efficient MIMO equalization algorithms for the UTRA TDD UE receiver based on commonly employed techniques for MUD, such as approximate Cholesky decomposition or FFT based matrix inversion.

Note also that this scheme is accommodating multipath fading channels, unlike other BLAST MIMO architectures developed mainly for single path Rayleigh fading.

Due to their high potential and the availability of MIMO-extendable advanced receiver technology for UTRA TDD, we consider this method a very attractive option to consider for UTRA TDD.

4. SUMMARY

Based on the above discussion, we propose that the following MIMO methods should be evaluated for UTRA TDD:

	BS transmitter
	UE receiver

	DOA-based DL beamforming
	Rx diversity Joint-Detection (Space-Time Joint Detection with white noise covariance matrix)

	Closed-loop Tx diversity
	Rx diversity Joint-Detection (Space-Time Joint-Detection with white noise covariance matrix)

	Code reuse techniques
	MIMO equalizer (see section 3.2)
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