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1. Introduction

At RAN plenary #23 it was agreed to close the study item Tx diversity for multiple antennas and move the related work to the MIMO Work Item. In the Work item sheet and in the MIMO TR 25.876, the definition of MIMO is having multiple antennas at both the Node B and the UE. It is not requested to have spatial multiplexing and multiple parallel data streams. In the requirement section of the MIMO TR the subcase of a single antenna at the UE is also included. So, the existing MIMO Work Item already doesn't exclude pure Tx Diversity schemes. The case of multiple antennas at both ends can also be used with Tx Diversity schemes with e.g. maximum ratio combining of the different receive antennas at the UE. In the following a short comparison between Tx Diversity and multi-stream MIMO schemes is done and a text proposal is given for the MIMO TR 25.876 for clarification of the inclusion of Tx Diversity evaluation in the frame of the MIMO WI.

2. Tx Diversity - MIMO

The distinction between Tx Diversity and a MIMO scheme incorporating spatial multiplexing and multiple parallel data streams can be generally made according to the number of data streams. In the following there a general comparison of Tx Diversity and multi-stream MIMO is shown:


Tx Diversity,

single-stream MIMO or MISO
Multi-stream MIMO

number of parallel data streams
1
> 1

number of antennas at UE
1 antenna or optionally more
mandatory > 1 antenna, more than 1 antenna is required

minimum required receiver technique in UE
Rake receiver, optionally advanced techniques
Advanced techniques required, like MMSE and interference cancellation

· In case of Tx Diversity the additional complexity in the UE can be kept much lower than for multi-stream MIMO

· With multi-stream MIMO the maximum peak data rate for HSDPA can be increased in good channel conditions. With both methods the average cell throughput can be increased.

For the further Tx Diversity work in the MIMO Work Item we propose:

· MIMO is stated as optional feature in the MIMO TR. Due to the comparatively low additional complexity for the UE with Tx diversity it is proposed that the support of a Tx Diversity scheme requiring only 1 UE antenna is mandatory for UEs, multiple antennas at the UE are optional.

· The simulation assumptions should be kept equal for Tx Diversity and MIMO schemes. For the evaluation of Tx Diversity schemes multiple antennas at the UE (e.g. 2 UE antennas) can be used. 

· Backward compatibility aspects such as negative impact on Rel.99/4/5 UEs have to be equally taken into account for both Tx Diversity and MIMO. 

Structure of MIMO TR 25.876:

Considering the structure of the MIMO TR, we propose not to have different sections for Tx Diversity schemes and multi-stream MIMO in the TR, i.e. keep the structure as it is, since there might be schemes which use one or multiple streams adaptively. It should be stated in every proposed MIMO scheme how many parallel data streams are used. The distinction between Tx Diversity and MIMO is made according to the number of parallel data streams. The requirements in section 4 of the TR are formulated very general and already include the case of single-stream Tx Diversity.

3. Conclusion

As a consequence of the RAN plenary decision to shift the Tx Diversity evaluation to the MIMO WI, some clarification should be added to the MIMO TR. The structure of the TR is proposed to be kept. A text proposal is given in the appendix.

Appendix – Text proposal for TR 25.876

----- Beginning of text proposal for TR 25.876  -----

3 Background and introduction

In RAN#11 plenary the work item was approved for MIMO stating that MIMO shall be optional at the UE, in RAN#18 it was extended to cover TDD, and in RAN#19 it was further updated with the following description:

The purpose of this work item is to improve system capacity and spectral efficiency by increasing the data throughput in the downlink within the existing 5MHz carrier. This will be achieved by means of deploying multiple antennas at both UE and Node-B side.
The technical objective of this work item is the integration of MIMO functionality in UTRA, in line with recommendations from WG1, to improve capacity and spectral efficiency. The works tasks include the support for both FDD and TDD. In those cases where differences between FDD and TDD are identified, they should be considered as separate work tasks.

At RAN plenary #23, it was agreed to close the Study Item on Transmit Diversity with multiple antennas and to further evaluate Tx Diversity in the frame of the MIMO work item. For the reception of Tx Diversity schemes, i.e. schemes with a single data stream transmitted from all transmit antennas, the deployment of multiple antennas at the UE is not necessary. 

4 Requirements for the evaluation of techniques for Multiple-Input Multiple-Output in UTRA
The following considerations should be taken into account in the evaluation of the different techniques proposed for MIMO in UTRA. Note that Transmit Diversity techniques with a single data stream are included in this evaluation as a subset of MIMO. 
1. The focus will be on  UTRA using MIMO techniques and on the additional or modified uplink signalling required to support MIMO.

2. MIMO proposals shall be comprehensive to include techniques for 1, 2 or 4 antennas at the Node B and 1, 2, or 4 antennas at the UE. In this document, we will use the notation (x,y) to denote a system with x Node B antennas and y UE antennas. At least one of the cases (1,1), (2,1), (1,2), (2,2) or (1,4) shall be considered as reference. Any proposal shall cover one or more of the following antenna configurations and be restricted to only these: (2,2), (2,4), (4,1), (4,2), (4,4). If (2,2) is supported by the proposed MIMO technique, then these simulation results must be included.
3. For each proposal, the transmission techniques for the range of data rates from low to high UE geometry (SIR) shall be evaluated. 

4. The antenna configurations (e.g. number of antennas, antenna spacing/polarization) at both the Node B and UE shall be described. 

5. Operation of MIMO should be specified under a range of realistic conditions. 

6. The semantic associated with the feedback bits from the UE to Node B and the use of these bits shall be provided.

7. The operation of a MIMO technique shall be described in sufficient detail to straightforwardly determine what changes to UTRA are needed to include the technique. Detailed descriptions of aspects that are specific to the technique shall be provided, including transmit and receive algorithms, physical layer signalling , and control.

8. Higher-level signalling on both uplink and downlink shall be described (see sections: Requirements for RAN WG2 & WG3).

9. The impact on non-MIMO UEs shall be evaluated The MIMO technique shall have no significant negative impact on features available in earlier releases

10. An analysis of its complexity shall be provided compared to  existing solutions (both UE’s and node B’s), especially in terms of RF complexity, memory requirements, requirements on UE size, computational complexity, algorithm (hardware) reusability, signalling requirements.  An analysis of migration from earlier releases  to MIMO should also be provided in terms of, for example, antenna configurations and techniques.

11. The focus shall be on strengthening the UTRA system as a reliable and cost effective access technique in urban and sub-urban areas. This means the goal is to increase the number of users, and/or to increase their coverage  compared to earlier releases. In other words, the improvement of the service availablility as compared to earlier releases shall be used as a primary  evaluation criterion. The increase in maximum data rate per cell is also of interest.
12. For HSDPA, an example of the channel quality metric used for rate adaptation shall be described by the proponent.

13.  Full mobility shall be supported, i.e., mobility should be supported for high-speed cases also, but optimisation should be for low-speed to medium-speed scenarios. For HS channels, the techniques considered shall be optimised at speeds typical of urban environments but techniques should apply at other speeds also. 

14. MIMO techniques should demonstrate significant incremental gain over the best performing systems supported in the current release with reasonable complexity. The value added per feature and its complexity shall be considered in the evaluation.

15. The operation of MIMO techniques should be described in sufficient detail to enable realistic link calibration and system level performance studies. Such realistic simulations should include effects such as delay, channel estimation error, signalling error and pilots.

16. For each proposed transmission scheme it should be described how many data streams are transmitted in parallel in order to classify proposals into single-stream (Tx Diversity) or multi-stream schemes. 
----- End of text proposal for TR 25.876  -----

