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1. Introduction
At the last RAN1 meeting, CQI, PMI and RI feedback for dual layer beam forming was discussed, and it was concluded that for FDD, PMI feedback is to be supported. A remaining open issue is whether or not to have PMI based CQI feedback for TDD. In the present contribution,  reporting for TDD is discussed  and  based on the discussion as well as on simulations with non-ideal channel knowledge at the eNodeB we propose to have PMI based CQI reporting for TDD. 
2. PMI assisted CQI
A major challenge with non-codebook based beam forming is link and rank adaptation in addition to channel dependent scheduling.  The UE does not know what beamforming weights will be used since it does not know what channel knowledge and which algorithm the eNodeB will use. Therefore, the UE can not account for the interference between layers in case of dual layer transmission. At the same time, the eNodeB does not know the UE processing and will due to error sources not know neither the channel nor the interference at the UE side and this again makes it challenging to compensate the reported CQI.

With single layer transmission, the eNodeB can attempt to estimate a beam forming gain to compensate the reported CQIs for link and rank adaptation as well as channel dependent scheduling. The case with dual layer is however more challenging since there appears to be no simple way for the eNodeB to assess the impact of the effective interference between the two layers as experienced by the UE.
The approach outlined in [1] is based on the eigenvalues of the transmit covariance matrix of the channel, and under the assumption that the eNodeB has accurate and complete knowledge of the channel it could by means of eigen beam forming attempt to orthogonalize the channel so that there is no interference between the two layers at the UE.  Then, the eNodeB can compensate the reported CQI with the beam forming gain for each layer, which for eigen beamforming is related to the eigenvalues of the channel.  In practice this appears challenging considering the following

· Two UE transmit antennas is a UE capability and hence only half the channel will be visible for UEs with single transmit antennas. 

· Mis-match between Rx and Tx in primarily eNodeB but also in the UE (see further [2]) .

· UL power control and transmission power inaccuracy. 

· UL channel estimation errors and smoothing in time and frequency.

Hence, in practical scenarios, perfect channel knowledge and hence perfect orthogonalization is not possible and for this reason there will be interference between the layers which needs to be predicted for efficient adaptation.  For the case with codebook based precoding, this problem does not exist since the UE accounts for the interference between the two layers for the selected precoding matrix.

Assuming that the beam forming functionality is to be used with two groups of correlated antennas, such as a number of columns with cross-polarized elements, it may be expected that the beam forming gain for each group is relatively stable and similar for both groups.  In such a case a possibility is to use PMI and RI based CQI with release-8 mechanism. We note the following

· The offset, nomPDSCH-RS-EPRE-Offset, representing the (UE specific) beam forming gain can be signaled to the UE so that the UE can perform adequate rank adaptation and determine a RI accounting for beam forming gain.
· The UE can given the RI determine a preferred co-phasing of the two groups in terms of PMI. 

· The UE can determine the CQI accounting for inter-layer interference for the selected PMI and RI
· The eNodeB can more or less directly use the reported PMI and co-phase the beam forming weights of the two groups according to the PMI. An alternative is to select beam forming weights according to available channel knowledge and compensate the CQI.
This processing is hence a combination of using channel reciprocity to determine beam forming weights for the co-polarized correlated antennas as well as UE feedback.  The eNodeB can determine long term beamforming vectors for each group of correlated antennas separately or jointly and without the need for excessive semi-statically configured sounding or relying on two UE transmission antennas
We further note that the following

· PMI and RI based CQI reporting does in no way constrain the eNodeB on the selection of beamforming weights.  Beamforming weights can still be selected according to channel knowledge, and the eNodeB is not required to in any way follow the PMI which is only a recommendation.
· Codebook subset restriction can be used to enforce that only a subset of precoding vectors is considered, such as only rank 1 vectors or a single precoding vector.  This ensures that the eNodeB can control how the CQI is determined so that the CQI can be reliably compensated. 
Hence, with PMI and RI based CQI reporting appears to offer all advantages as TxD based CQI in addition to all the advantages of having PMI and RI.
2.1. Numerical examples

Simulations have been performed for two different CQI reporting schemes for an antenna setup with cross polarized UE antennas and an antenna with four columns of cross polarized antennas in a suburban macro environment.
· TxD based CQI. 
UE determines CQI according to transmission mode 7 of Rel-8. The eNodeB determines beam forming vectors from an eigenvalue decomposition of an eigth-by-eight covariance matrix and compensates the CQI assuming no interference between the two layers. Precoding weights and CQI compensation are done with per PRB frequency granularity.
· PMI based CQI. 
The eNodeB signals an offset for the UE to use when determining the RI, PMI and CQI (in current simulations, it was rather arbitrarily set to 5.5dB). The eNodeB performs wideband eigen beam forming and determines a set of beam forming weights which is used for both sets of co-polarized antennas from a single four-by-four covariance matrix. The eNodeB then combines the eigen beam forming weights with the PMI reported by the UE to determine the precoding vectors
Uplink sounding in UpPTS was modeled using uplink power control with fractional pathloss compensation assuming frequency division multiplexing and code division multiplexing of four users.  Wideband sounding was assumed and no power control errors,  nor power setting errors were considered.  Furthermore, uplink sounding from two transmit antenna was assumed and (amplitude) calibration errors were neglected.   This means that with 10ms SRS periodicity, an SRS is transmitted from each antenna every 20ms. Fast fading for the interference was not considered and any bias introduced by the UL channel estimator was neglected. Additionally, no errors in transmission timing alignment were considered.

Outer loop ACK/NACK CQI adjustment was used in conjunction with frequency selective CQI reporting and in the case with PMI, wideband PMI was fed back with a periodicity of 10ms on PUSCH and delay of 6ms.  Other parameters are as given in Table 1.
The results in terms of cell spectrum efficiency and cell edge data rates are given in Figure 1. As can be seen from the results, in case of imperfect SRS transmission and reception, the PMI assisted approach is preferred.  The reason for this is that it is challenging for the eNodeB to compensate the reported CQI for the TxD based approach which in turns impacts link and rank adaptation as well as channel dependent scheduling using SRS transmission.   Furthermore, the PMI based approach appears insensitive to reducing the SRS periodicity and it is likely that wideband SRS transmission from two UE transmit antennas is not required to harvest beamforming gains in combination with spatial multiplexing.
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Figure 1  Simulation results for eigenbeamforming with 20ms or 40ms SRS transmission
3. Conclusion 
Based on the discussion and the simulation results we propose the following
· For TDD, CQI, PMI, as well as RI feedback similar to Rel-8 transmission modes, such as closed loop spatial multiplexing, is adopted.

We note that this is not expected to require wideband SRS transmission from two UE antennas and hence also avoids needs for UE amplitude calibration.  Optimization for reciprocity is left for eNodeB implementation using existing mechanisms in Rel-8 such as signaling of offset and codebook subset restriction. 
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Appendix

	Parameter
	Assumption 

	Cellular Layout
	Hexagonal grid, 7 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Carrier frequency
	2.0GHz

	Bandwidth
	10MHz

	Total BS TX power
	46dBm, no per antenna power constraint

	System load
	10 UEs per sector

	Control and signalling overhead
	3 control symbols for PDCCH
CRS: antenna port 0 and 1 enabled
DRS: 12 RE per RB for dual layer 

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Minimum distance between UE and eNB
	>= 35 meters 

	Shadowing standard deviation
	8 dB

	Penetration Loss  
	20dB

	Channel model
	SCM-E, suburban macro

	Antenna pattern  (horizontal)

( 3-sector cell sites with fixed antenna patterns)
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	Cell specific RS
	2 CRS, transmitted from second column of array using orthogonal polarizations

	UE speeds of interest
	3km/h

	eNodeB antenna configuration
	Dual polarized antenna array,  antenna separated half wavelengths on each polarization (8 branches)

	UE antenna configuration
	Dual polarized antenns (2branches

	Link and Rank adaptation
	Enabled, with ACK/NACK based adjustemnt

	Channel estimation 
	Ideal

	HARQ
	Chase combining

	CQI/PMI reporting
	10ms period/6ms delay/6 PRB frequency granularity
Wideband PMI in case of PMI

	Sounding configuration
	Wideband sounding from both antennas using antenna switching, FDM and CDM of four users. No eNodeB processing delay.

	Receiver
	MMSE

	Scheduler
	Proportional Fair in time and frequency, based on compensated CQI


Table 1 Simulation assumptions
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