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1. Introduction

In RAN1 #50bis meeting, [1] was agreed (with certain comments) as the way forward for a single TDD FS based on FS2, and the following optimization areas were proposed:

· Beam forming
· Coexistence (with TD-SCDMA as well as TD-CDMA)

· UL coverage, 

· DL-UL guard flexibility, 

· RACH reliability,

· Overhead reduction, and
· Simplification for dual mode FDD/TDD equipment

Furthermore, due to the constraints of handling (possibly extreme) asymmetry, the CQI and/or multiple ACK/NAK feedback structure needs to be optimized for TDD so that levels of asymmetry can be handled. 
A proposal for an optimized frame structure based on FS2, addressing many of the optimization areas, has been proposed in [2]. In this paper, we discuss some additional techniques for TDD operation that have been found in the work on optimizing frame structure type 2. These could be considered for inclusion in the appropriate release of LTE given that studies indicate a substantial performance gain. More specifically, this papers discusses the areas of
· downlink control signaling overhead reduction,
· cell-specific  reference signal overhead, and 
· downlink multi-user multi-stream beam-forming.
2. Further working areas for LTE TDD
2.1. Downlink control signaling overhead reduction
One fundamental difference between FDD and TDD is that there is no one-to-one association between uplink and downlink. In uplink-heavy asymmetries, with more UL subframes than DL subframes, DL control signaling carrying UL grants and ACK/NAK for several different UL subframes need to be transmitted in a given DL subframe.  Further, it has been agreed that for TDD, UL grants will carry some form of subframe indication.

One possible extension of this it to allow for uplink grants covering multiple uplink TTIs, which potentially might reduce the control signaling overhead. A similar approach can be adopted for downlink scheduling, i.e., a single assignment can be valid for multiple subframes. This may reduce the downlink control signaling in a subframe and possibly allow for operation without downlink control signaling in a subset of the downlink subframes. It is therefore proposed to investigate the performance benefits with such an approach and its impact to the associated control signaling design that, if found beneficial, consider it for inclusion in the appropriate LTE release. 
2.2. Beam-forming optimization
For LTE FDD and TDD operation, single-stream beam-forming with a dedicated reference signal has been agreed. A main benefit of this mode of operation is that it supports the use of an arbitrary number of transmit antennas at the base station in a straight forward way. To further exploit the smart antenna systems being deployed and to increase the spectrum efficiency in urban and sub-urban areas, multiple streams beam-forming could be considered, provided significant performance gains can be shown in simulations with reasonable complexity increase. Current MU-MIMO and SU-MIMO schemes use cell specific reference signals and can therefore only be used with up to four transmit antennas at the base station. Additionally, the current MU-MIMO scheme only considers the transmission of a single stream to each user. For future releases of LTE it is therefore proposed to study the use UE-specific reference signals for multi-user multi-stream beam-forming. It is also proposed to investigate the performance benefits of calibration procedure.
2.3. Cell specific reference signal overhead reduction
When a dedicated reference signal is used for PDSCH demodulation, reference signals including both common and dedicated increases overhead. Reducing the overhead of reference signals may be desired e.g. by joint optimization for both common and dedicated reference signals.  

3. Conclusion
Based on the above, it is proposed to study the above techniques and, if a significant performance gain is found with reasonable system complexity, consider them for inclusion into appropriate releases of the LTE specifications. 
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