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1. Introduction
LTE currently supports two frame structures for TDD.  At RAN#37, it was decided on [1] that RAN1 shall investigate the possibility for an optimized LTE TDD mode based on frame structure 2, further optimizing performance and ensuring ease of implementation of FDD and TDD modes within the same E-UTRA equipment, and to come back with proposals.
It is our view that an optimized LTE TDD mode should preserve important key characteristic of LTE TDD with frame structure 2. Among these we note primarily
· Efficient co-existence and co-siting with TD-SCDMA, and 
· Support of non-codebook based beam forming. 

There are also other characteristics, such as the support of power boosting of the P-SCH which is always transmitted with a long cyclic prefix, a short RACH burst type and the fact that a cyclic prefix is not used for the RACH bursts.   
 Based on the most important characteristics and on initial comparisons with frame structure 1, the present paper discusses some areas for optimization when it comes to performance. It is proposed that work on an optimized LTE TDD mode based on frame structure type 2 takes these as starting points for optimization.
2. Optimization areas
Frame structure 2 contains a number of slots of equal size in addition to special slots. The special slots in turn contain a downlink part, a guard period and an uplink part referred to as DwPTS, GP and UpPTS respectively. The optimization should be done taking into account two very important characteristics of frame structure type 2, namely efficient co-existence with TD-SCDMA and support of non codebook based beam forming with more than four transmit antennas. Additionally, ease implementation of FDD and TDD modes in the same equipment needs to be considered in the optimization as well.
2.1. Beam forming
Frame structure 2 supports not only codebook based pre-coding with cell specific common reference signals but also non codebook based pre-coding (a.k.a. beamforming) with UE specific reference signals.  So far, the actual UE specific reference signal pattern has not yet been decided, one may therefore 

· Consider the design of the UE specific reference signal pattern to support non-codebook based beam forming and pre-coding.

Also note that solutions for CQI reporting must be defined in addition to a UE specific reference signal to make it possible to use more than four transmit antennas per sector. 
2.2. Uplink coverage

The subframe duration of frame structure 2 is currently shorter than the subframe duration of FDD and this will lead to smaller UL coverage, since the uplink control signaling will limit the supported cell range.  In the optimization processes, we therefore propose to 
· Consider UL coverage improvements for the control signaling.
So that the cell range of the optimized TDD mode is not worse than that of FDD. A basic solution is to increase the transmission duration, which is a subframe, for example by pairing consecutive slots. It is important to consider latency and co-existence with TD-SCDMA for such a solution.

2.3. Guard period flexibility

Frame structure 2 currently allows guard period with rather coarse granularity, i.e. one of 50us, 191us or 866us. Additionally, TD-SCDMA has a function known as UpPCH shifting which allows to with fine granularity set the guard period between DL and UL for the RACH and this feature has been proven valuable to avoid BS-to-BS interference ‎[2].  Since we currently do not know how large guard periods will be needed and expect them to be deployment dependent it appears attractive to have the possibility to use larger guard periods at initial deployment and then successively tune them when operating the network. This makes it possible to plan and deploy the network without special consideration of BS-to-BS propagation and thus select down tilt and transmit powers with respect to UE-to-BS propagation. We therefore propose to 
· Consider improved flexibility of guard periods between DL and UL

Frame structure type 1 makes it possible to select the guard period with relatively fine granularity up to 330us, and we believe that a similar flexibility would be suitable also for frame structure 2. 
2.4. Periodicity

To reduce the overhead due to guard intervals, especially for large cells, one could consider operation with 10ms periodicity so that a single switch from DL to UL is performed each 10ms rather than every 5ms. Thus, we therefore propose to 

· Consider more flexible use of the resources in the special slot and to allow for 10ms periodicity.
This should preferably have no impact on cell search. Further, allocations with 5ms periodicity is then to be used in TD-SCDMA co-existence scenarios. 
2.5. Overhead

The special slot currently contains two parts, the DwPTS and the UpPTS, and currently essentially only part of the bandwidth of these slots is currently used for P-SCH transmission and short RACH reception respectively. To improve the resource utilization efficiency in the special time slots, we therefore propose to 
· Consider utilization of resources not occupied by P-SCH and RACH in DwPTS and UpPTS in the special slots.
One example is the transmission of uplink sounding reference signals and/or data in the UpPTS.
3. Summary

Based on the discussion above, we propose that the optimization could focus on the following areas
· UL coverage, 
· DL-UL guard flexibility, 
· RACH reliability
· Overhead reduction, and

· Simplification for dual mode FDD/TDD equipment.
We further propose that RAN1 identifies and discusses solutions in order to make progress on the task given by RAN plenary until the next RAN1 meeting.
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