3GPP TSG RAN WG1 #48bis

R1-071427
St. Julians, Malta, March 26 – 30, 2007
Title: 
DL SU-MIMO Schemes for cross-polarised Antennas

Agenda Item:
7.9.4 Beamforming
Document for: 
Discussion 

1. Introduction
Cross-polarised antennas will be of significant importance for LTE deployment. Special interest is related to two closely spaced cross-polarised antenna pairs. Typical distance is (/2. Such a configuration fits into one compact radome which eases the deployment, whilst still offering significant MIMO gains in terms of diversity, multiplexing, and array gains. A special feature of such a configuration is related to the applicability of beamforming
Recently, there has been some interest in the evaluation of cross-polarised antenna configurations. Whereas in [1] such configurations are reviewed and the effective gain of a specific precoding for cross-polarised configurations is still for further study, [2] proposes antenna switching as the appropriate choice for precoding in cross-polarised configurations. In [3] a precoding book specifically tailored for cross-polarised antennas is proposed. However, none of the aforementioned contributions has a specific focus on beamforming capabilities as they are typical for antenna configurations described in the previous paragraph. 
In this contribution, the focus is on antenna configurations supportive of beamforming. The scheme introduced here features a beamforming stage as basic first step. This first stage is then combined with diversity schemes such as Alamouti or closed-loop diversity or a dual-stream capability.
The beamforming parameters and in case of closed-loop diversity the weights establish an alternative precoding scheme implying the use of codebooks specifically tailored to the cross-polarised antenna configuration, corresponding to case 3 (two polarized antenna pairs are closely located) of the precoding options in the St. Louis MIMO Chairman notes [4]. 
2. Overview
The mobile terminal has to feed back a SINR estimation. In some existing mobile communication systems this is already done (e.g. by using channel quality indicator (CQI) feedback values in HSDPA). Additionally, on a long-term time basis, the mobile velocity has to be estimated (the estimation can be based on the measured maximum Doppler frequency in the uplink). 

The velocity estimation can be quantized very rough, e.g. by just choosing between high speed or low speed, depending on a chosen threshold.

Based on these two informations the MIMO scheme can be chosen as one out of three possibilities:

· Low SINR + high speed: Scheme A
Linear Precoding with Alamouti (between the two polarisations)
· Low SINR + low speed: Scheme B
Linear Precoding and closed-loop Tx diversity (coherent combining  between two polarisations)
· High SINR: Scheme C
Linear Precoding and spatial multiplexing (one spatial stream per polarisation)
3. Description of spatial schemes

3.1. Antenna configuration and “polarisation beams”
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Figure 1 - Antenna configuration and beams of one polarization

Figure 1 shows the configuration of the 4 cross-polarised antenna elements. The two pairs with ±45° polarization direction each are separated half a wavelength of spacing. On each polarization direction by linear precoding a grid of fixed beams can be shaped by proper design of antenna weights of the elements of the corresponding polarization direction. For simplification one beam on one polarisation direction will be called polarization beam further on in the document. The number of polarisation beams is free to choose. It is suggested to use 4 polarisation beams on +45° and 4 on -45° polarisation, which is a good compromise between array gain and required feedback signalling overhead.
3.2. Selection of polarisation beams
3.2.1. Option 1: Based on feedback

Based on received pilot power the mobile now has to calculate its best beam which is the one offering the strongest Rx power. The index of the best beam is fed back to the BS, which optionally can be done on a slow timescale to decrease feedback overhead, meaning averaging out the fast fading. (Beam index can either be signalled separately per polarisation direction, which makes sense when it follows the fast fading, or for the average of both polarisation directions which is recommended when fast fading is averaged out.) 
This option is along the lines of the current precoding discussion in RAN1. However, there is some feedback overhead needed. 

The scheme as oulined above also benefits from the use of dedicated pilots as are currently under discussion in RAN1, see e.g. [5] 
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Figure 2 - Downlink MIMO & uplink  signalling: In downlink either scheme A, B or C is applied and in uplink there is a corresponding feedback required.
3.2.2. Option 2: Based on uplink receive signal
In FDD the fading of uplink and downlink is uncorrelated but the angles of the main propagation paths are typically the same. The direction of incoming uplink signals at the BS can be estimated by some suitable correlation method. The accuracy doesn’t have to be high due to the fact that beams shaped from 2 closely spaced antenna elements are very broad. Based on the estimated uplink directions, the beams for downlink transmission (and their corresponding precoding weights) can be selected.
An advantage of option 2 consists in the fact, that no feedback is needed. However, this method is not well aligned with the codebook based feedback methods as currently under discussion in RAN1. 
3.3. Selection of schemes on top of the polarisation beams
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Figure 3 -    Selection of MIMO schemes based on SINR and velocity
3.3.1. Scheme A: low SINR & high speed
The well known Alamouti scheme is originally designed for 2 Tx antennas. This document proposes now to use one polarization beam on +45° polarization direction instead of Alamouti antenna 1 and one polarization beam on -45° for antenna 2. Thus beamforming gain can be obtained plus additional diversity gain from Alamouti (mapped to OFDM with space frequency block coding).

As scheme A is designed to tolerate high mobile velocities, no additional feedback signaling is required, as the signaling delay would prevent to adapt to the fast fading properly.

3.3.2. Scheme B: low SINR & low speed
The idea is here to apply the well known closed-loop Tx diversity technique (as it e.g. exists in the UMTS standard) to the polarization beams concept. The same data is transmitted on the +45° polarization beam and on the -45° beam. Between the two polarization beams a phase shift is applied in order to achieve coherent combining on the receive side. For this purpose the mobile sends a quantized phase information, e.g. 4 bit, which gives the phase shift which maximizes the combined receive power of both beams at the mobile receiver. This phase shift can be calculated at the mobile by using the channel estimates and e.g. testing all possible phase combinations in order to maximize the received signal. Alternatively, some type of codebook operation is envisaged. 
As this phase shift requires regular updates based on the changes of the fast fading, this is only recommended for low speeds.

This scheme benefits, as scheme A, from beamforming and diversity gains and additionally gets the coherent combining gain of the closed-loop Tx diversity.

3.3.3. Scheme C: high SINR
When the average SINR is high enough then spatial multiplexing will be chosen as it has the potential to double the maximum throughput by using two independent spatial streams.

Here it is suggested to combine the well-known PARC-scheme with the concept of the polarization beams. Data stream 1 will be transmitted on the +45° polarization beam, whereas data stream 2 will use the -45° polarization beam. A CQI information per spatial stream is fed back from the mobile to adapt the modulation and coding schemes (MCS) on each stream. 
Compared to standard PARC this new concept gives additional beamforming gain.
The same feedback mechanisms as PARC can be re-used.
4. Conclusion

Cross-polarised antenna configurations have been analysed in the framework of LTE. A fixed-beam scheme for both polarisations has been introduced as baseline. Depending on SINR and speed, this baseline scheme is combined with two diversity and one dual-stream scheme. 
In summary, polarisation beams combined with appropriate other techniques establish a promising technique for spatial processing specifically tailored to cross-polarised antenna configurations. 
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