_______________________________________________________________

3GPP TSG RAN WG1                                                                       
R1-051326
Seoul, South Korea
7-11 November 2005

Title:
Pre-coded MIMO DL for E-UTRA exploiting X-pol antennas
Source: 
   TenXc Wireless Inc
Agenda Item:

8.5 (MIMO)
Document for:
Discussion
1. Introduction
The performance goals of LTE call for significant performance improvements [1], notably:
· Significantly increased peak data rate e.g. 100 Mbps (downlink)
· Significantly improved spectral efficiency (e.g. 2 to 4 times Rel.6 HSDPA)

· Increased bit rate at cell edge, whilst maintaining same site locations as deployed today 
It is generally accepted that multi-antenna Node-B and UE designs will be vital enablers to allow the proposed performance targets of E-UTRAN to be met.  However, this does not mean that future systems can be designed without careful regard to antenna planning and deployment constraints.  Planning regulations for cell-site antenna structures are likely to become more stringent in the timeframe of deployment of LTE and hence the system definition needs to be cognisant of possible advanced solution offering significant performance advantage using compact antenna array configurations.
The potential performance benefits of Multiple Input Multiple Output antenna systems are well known and various schemes are already being considered within 3GPP [2].  Cross-polarised antennas are used widely in many current 2G/3G deployments and offer the advantages of good diversity performance within a compact antenna footprint.  Cross-polarised antennas can also provide good performance for MIMO applications, and because of the implications for smaller antenna size must be considered for future LTE networks.  The combination of MIMO and beamforming exploiting compact X-polar antenna arrays represents an attractive way of achieving complementary performance improvements from diversity and directional beams.
This paper describes a precoded MIMO-OFDMA downlink arrangement using a very compact cross-polarised antenna array.  The approach offers the benefit of robust single or dual stream MIMO transmission in polarization space, coupled with the option of single user or multi-user beamforming to allow tradeoff between coverage gain and capacity.

2. Proposed Configuration
The basic Node-B pre-coder architecture is shown by Figure 1.  For illustration this shows a dual column cross-polar antenna array although the discussion presented here can be generalised to larger array sizes.  The spacing of the two columns is modest (i.e. sub-wavelength) resulting in a low visual profile for the antenna structure.  Independent (orthogonal) pilots are applied to the individual antennas at the Node-B as indicated.  These pilot transmissions are used by the UE to determine preferred serving cell, best beam within the serving cell, MIMO channel estimation and CQI measurement.  Pilot transmissions, unlike data transmissions, do not undergo the pre-coding operation.
Identical pre-coders are used on the two orthogonal polarizations (indicated as Pol A and Pol B in the diagram.  The pre-coders shown by the diagram generate multiple directional radiation patterns.  In the example that follows, we show 3 beams, labeled as the Left, Centre and Right beams. 
The beams are constructed to provide good, unambiguous coverage across the sector with minimum beamwidth designs consistent with the available array dimensions.  The central beam provides coverage in-fill around the cusp region of the L and R beams.  This will ensure that the best beam selection produces negligible cusping loss.  
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Figure 1:  Pre-coder MIMO architecture

Let the pre-coder transformation be expressed by:
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where eL, eC and eR are the fixed beamformer weights needed to form the three beams (denoting Left, Centre and Right pointing directions).  For the two-element X-pol antenna configuration:
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There is no need for the pre-coder transformation, E to be orthogonal in this proposed construction.
The pre-coder transformation, E needs to be known at the UE.  
This two X-pol antenna example represents the baseline design.  Larger array sizes could be considered for better performance (e.g. 4, 6 or 8 spatial elements); however, these configurations would require an increased number of orthogonal pilots for the downlink transmission, necessitate increased feedback for best beam indication, and involve a larger physical antenna structure.  The feasibility of a larger array size is currently being investigated.
Figure 2 shows a representation for the MIMO channel for the case of two antennas being used at the UE receiver.    The analysis presented below can be generalised for a greater number of receiver antennas.
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Figure 2:  MIMO channel definition

Here we can define the channel matrix as:
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The UEs determine an estimate the MIMO channel described by H by detecting the received amplitudes and phases of the four orthogonal pilots, P1, P2, P3 and P4.  We can partition H into two sub-matrices describing the propagation paths between the Node-B and the UE using polarisation A at the transmitter:
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and the propagation paths between the Node-B and the UE using polarisation B at the transmitter:
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Now let:
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and
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The components of matrices X and Y represent the effective beam complex beam amplitudes received by the two UE receive antennas for each of the two transmitted polarisations.  The UE can select the preferred beam for transmission by comparing power or channel quality estimates from each of the three beams.   For example, the following calculation may be made in the UE:  
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The best beam would then correspond to the selection which provides maximum summed received power.  

Depending on the outcome of its beam selection process, the UE must feedback a preferred beam index to their serving Node-Band.   This will require the transfer of 2 bits of information per TTI on the uplink to indicate the best beam from the three available.  The Node-B will transmit to the UE on the selected beam using different transmission modes as discussed in the next section.
The UE receiver will need to calculate the effective complex channel matrix including the effect of the selected pre-coder transformation.  This can be derived easily as follows.  Let vector eS represent the pre-coding transformation corresponding to the selected beam which will be applied to the data transmissions from the Node-B on both polarisations.  The equivalent MIMO channel matrix including the effect of the pre-coding transformation is then given by:  
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where S is the index of the selected beam.
As well as beam selection feedback, the UE must also supply channel quality indicators (CQI) to the Node-B.  In the proposed design the UE report back CQI measurements for both X-pol transmission paths.  This information allows the Node-B to select an appropriate transmission mode (i.e. single stream or dual stream mode as described in the next section) and to assign suitable MCS parameters.
3. Transmission Modes using the Preferred Beam
Three transmission modes are proposed:

(i) ‘Standard’ mode

(ii) ‘Enhanced Throughput’ mode
(iii) ‘Enhanced Coverage’ mode
These modes can be selected by the Node-B in order to optimize performance in terms of overall capacity, peak throughput rate and cell-edge coverage.  The selection of the most suitable transmission mode will be based on an assessment of CQI feedback and actual traffic demand within the cell.

All modes use preferred beam selection as detailed above but may use one or both polarizations for transmission as indicated below.

3.1. Standard Mode
This mode corresponds to a multi-user MIMO concept with single stream transmission to each user. The Node-B schedules simultaneous transmission to two UEs, each UE being assigned a different (preferred) polarization.  The UEs can be located in the same beam, or located in two different beams.  The CQI measurements from the UEs are used to select the preferred polarization in each case and to map an appropriate MCS for transmission

Typically the mobile channel will introduce a high level of polarization conversion which will cause transmission intended for one UE to interfere with the other.  To counter this effect it is assumed that the UEs will incorporate two or more (polarization) diverse antennas as an integral part of an interference cancellation receiver design.
3.2. Enhanced Throughput Mode

In this mode the Node-B uses both polarizations for dual stream MIMO transmission to a single UE located within the preferred spatial beam.  The MCS can be adjusted independently for each polarization using the separate CQI values reported by the UE.  This mode of transmission will provide maximum peak rate performance and can be selected when acceptable channel quality and independence is seen on the two polarization paths.
The UE receiver requires two or more (polarization) diverse antennas in order to demodulate the two independent streams transmitted by the Node-B.

3.3. Enhanced Coverage Mode

This mode of transmission provides improved link gain and C/I enhancement to support mobiles operating at cell edge.  The Node-B uses both polarizations for single stream transmission to a UE located within the preferred spatial beam.  The UE provides channel feedback derived from the effective channel matrix G given in section 2 above.  This information will allow the Node-B to weight the relative amplitude and phase of coherent transmissions from the two polarizations.  Link performance benefits from two factors: gain resulting from the selection of the best spatial beam, and MRC combination gain resulting from the transmission from dual polar transmission.
This transmission mode could operate with a single antenna at the UE.  However, using 2 or more antennas at the UE will provide better link gain and provide the basis for reduced interference using IC receiver designs.
4. Feedback Requirement from UE
The following table summarizes the feedback needed to control the three transmission modes.
	Standard Mode
	Enhanced Throughput Mode
	Enhanced Coverage Mode

	UE feeds back:

- beam index
- CQI for each polarity on best 
   beam
	UE feeds back:

- beam index

- CQI for each polarity on best
   beam
	UE  feeds back:

- beam index
- complex channel feedback 
   measurements to derive 
   optimum weighting of dual 
   polarization Tx
- single CQI for single stream Tx


Table 1: Feedback Requirements
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