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1 Introduction

This document was to be presented as 12A010022 at the joint WG1/WG2 meeting in Sophia-Antipolis, France on April 6, 2001. Due to time constraints, it was not presented. 

2 Motivation 
The Multiple Input Multiple Output (i.e., multiple transmit and multiple receive), MIMO, antenna technology has already been included as a working item within HSDPA for the upcoming Releases in UTRAN. Lucent Technologies as well as other 3GPP participating companies have analysed the merits of this new technology [2]-[11].  The MIMO technology encompasses several approaches including code reuse, as proposed by Lucent as well as other multiple antenna modes such as STTD and closed loop schemes that need to be adapted for HSDPA use.  It is currently a shared view that there is enormous potential for performance improvement with the use of MIMO on the DL transmission and that the current standardisation process of HSDPA poses a unique opportunity for the inclusion of this technology in mobile wireless systems.  For example requirements stated in the draft minutes of this meeting developed yesterday and contribution 12A010014 from Ericsson also support the value of multiple antenna techniques. In addition it is clear that no single mode will be the preferred approach under all conditions.  Thus the overall system should accommodate the use of different modes as well as the ability to switch modes of use.  This contribution summarises the required functionality that needs to be added to enable the use of any of the preferred modes of MIMO in HSDPA. 

Below is a list of the desirable attributes of the MIMO technology as it is envisioned to be implemented in HSDPA: 

1. Increase of the spectral efficiency on the DL. For a given data rate, MIMO can support the transmission at a lower Ec/Ior than the default transmission with a single Tx antenna. Equivalently, MIMO can support higher data rates for the same Ec/Ior. 

2. MIMO is an efficient technique that increases the delivered peak data rate without resorting to high order modulations that may pose implementation difficulties. 

3. Code reuse version of MIMO takes advantage of the high scattering to deliver its improved performance, when the environment allows it. The HSDPA transmissions are executed on a per packet basis with the aid of UE feedback rather than a transmission of continuous stream of frames as is the case for the voice channels. This allows the MIMO schemes to be dynamically activated on a per packet basis.  

4. The availability of fast and frequent UE feedback for the purpose of reporting the channel quality for HSDPA operation is very useful [1].  Given this, it can also be used for the adaptivity of the MIMO schemes to the channel conditions.

5. A mixture of MIMO capable, and not capable, UEs (or NodeB) can coexist in the network. The operation of one UE does not adversely affect the operation of another. Thus MIMO capable UEs and NodeB can be deployed gradually without disrupting the network growth, [9].  

6. MIMO transmission affects minimally all the NodeB and RNC functionality beyond the physical layer, [9].

3 Functionality

Currently, a variety of different implementations of the MIMO technology have been analysed and or proposed in RAN1, [2], [10], [11]. A set of similar characteristics among the proposals can be identified that describes the minimum functionality that should be supported by the NodeB. Moreover, transmission in a range of possible channel environments may be optimised with different MIMO schemes. Thus, it may be necessary that more than one MIMO mode should be supported. These modes may differ in the number of transmit and receive antennas, the substream contents, the amount of feedback required to be reported by the UE, signal processing performed at the receiver, and the associated control messages from the NodeB to UE.

In the following, a recommendation on the minimum functionality that should be supported for the family of MIMO technologies considered in HSDPA is listed. The minimum functionality can be itemised as follows:

1. A mixture of (M,N) MIMO techniques should be supported. The number of UE antennas, N, is envisioned to be 1,2 or 4, the specific choice is left as an implementation option.  The overall scheme should operate properly independent of the number of receive antennas. The number of active NodeB antennas in use at any given time for a specific user, M, should be adaptively determined to optimise the MIMO performance. For example, (M,N)=(2,4) is a preferred choice for highly correlated channels instead of (4,4). 

2. The amount of channel quality feedback that is sent from the UE to the NodeB, at a fast rate, should accommodate antenna specific signalling. The antenna specific signalling would be used for two operations: a) dynamically switch from one MIMO transmission scheme to another, b) provide feedback for the closed loop operation of MIMO. The feedback required for closed loop operation may consist of multiple bits, while the switching feedback may require only an additional bit as was illustrated in [9].  The feedback bits may be transmitted using either new channels (to be defined) or existing channels in order to minimise on the overhead.  Provision should also be made to minimise the performance impact of these overhead channels by considering techniques such as gating off the feedback channel when not needed to support the specific mode of operation.

3. A limited set of Space-Time transmission matrices should be supported. The ST transmission matrix defines the method with which the DL bitstream is demultiplexed and encoded across the Tx antennas and over time. Each such method will offer different benefits for the various geometries, scattering levels, NodeB power allocation and OVSF space availability in the HS-DSCH.

4. Since the NodeB/RNC makes the resource allocation on the Down Link (based on the feedback received from the UE), the chosen mode of transmission along with the associated parameters needs to be conveyed to UE.  These should also include the MIMO mode to be used.

5. In addition to the real-time packet specific control messages/signalling indicated above, signalling messages needs to be sent in both directions indicating the hardware capabilities/limitations of both NodeB and UE to each other at the beginning of the call, set up as described in [9].

RAN 1 should undertake a comparative analysis of the different MIMO modes presented at RAN 1 and RAN 2 to identify the options that are valuable and the conditions that they best work in.

4 Recommendation

It is recommended that RAN1 and RAN2 adopt and make provision for the minimum functionality requirements described in Section 2.  We recommend these should be added to the list of signalling requirements extracted from the document outlined in document 12A010005 presented by Nokia.
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