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1
Introduction
In the last RAN plenary meeting, enhanced DL transmission for support of dual-layer beamforming was approved as a working item [1]. Dual-stream beamforming is considered for both TDD and FDD. The following aspects need to be investigated for support of dual-stream beamforming in Release 9:
·    Demodulation RS: Release 8 DRS design supports only one layer transmission. New user specific DM-RS needs to be designed with forward compatibility with LTE-A in mind. In [2], we study different DM-RS patterns and structures for support of dual-stream beamforming.

·    Feedback mechanism for both TDD and FDD scenarios should be considered.
 In [2], we outlined some design guidelines for the DM-RS in support of dual-stream beamforming. In this contribution, we consider different possible approaches for feedback design in support of dual-stream beamforming in TDD and FDD systems. 
2
Feedback Mechanisms
Specified Release 8 feedback mechanism for beamforming (transmission mode 7) [3] considers single stream beamforming only.  New feedback mechanisms are required to enable dual stream beamforming with DM-RS for TDD and FDD setup in Release 9. 

2.1
Beamforming Operation

Transmitter side beamforming can provide significant gains as shown in [4], [5] when channel knowledge is available at the transmitter.  For single-layer beamforming, the transmission happens along the eigenvector of the channel covariance matrix corresponding to the largest eigenvalue. Capacity gains are obtained by improving received SINR in this case.
In a MIMO setup, eigen-beamforming can be applied by transmitting along the eigenvectors corresponding to largest eigenvalues, hence providing beamforming and multiplexing gains. Rank selection and CQI computation can be done assuming these vectors are the transmitted beams. 

Finally, in scenarios where the knowledge of the channel at the transmitter is not complete or is partial, one can use pseudo-eigen beamforming for transmission of multiple streams.
·     In pseudo-eigen beamforming, the beamforming vectors are constructed based on the knowledge about the direction of the channel. For part of the channel that is not observable, one can assume random directions in the subspace orthogonal to the known eigen-directions. 
·    As an example consider an 8Tx, 2Rx setup in downlink. Suppose that the eNodeB has knowledge of the channel to one of the Rx antennas at the UE (through SRS transmission) and is provided with quantized channel information for another Rx antenna. The NodeB can then uses the eigenvectors corresponding to the channel to these two receive antennas as the beam directions. 

·    As another example suppose that eNodeB has knowledge of channel to only one of the Rx antennas. In this case, eNodeB can transmit in the direction of the channel to this receiver antenna and a random beam direction orthogonal to the former direction. Random beams used can be different across frequency and time to provide better diversity and/or more accurate rate prediction.
·    The transmission and feedback in this case can be aligned by UE following similar beamforming construction in computing rank and CQI.
2.2
Channel Knowledge at UE and eNodeB
Let us first define two notations that are used frequently in this document. Let N_BF be the number of antennas used for beamforming.  Also define N_RS as the number of RS ports for which the user can obtain estimate of the channel from the transmitter for CQI/RI and possibly PMI computation.
The feedback mechanism design depends on the knowledge available at the UE and eNodeB regarding the DL channel:

1.   Channel knowledge at UE: Release 8 LTE CRS can provide channel estimate for at most 4 antenna ports. It is probable that the number of antennas used for beamforming (N_BF) is greater than the number of CRS ports. In this case UE feedback can be based only on the channels observed from the N_RS antenna ports and can not capture the beamforming gains fully. This will affect the performance of dual-stream beamforming for FDD and possibly in TDD systems.  
Release 8 LTE CRS ports are used for both demodulation and feedback purposes. By introducing a feedback RS with low duty cycle, different UEs can obtain knowledge of channel for feedback purposes. The overhead of such a reference signal is very small. Having such a RS structure will provide beamforming gains from all the transmit antennas (and not only the antenna ports that are used for RS transmission) for both FDD and TDD systems.

2.   Channel knowledge at eNodeB:  In TDD systems, because of the reciprocity of the DL and UL channel, eNodeB may be able to acquire estimate of the channel in the DL through sounding reference signal (SRS) transmissions in the UL. However, in cases where the number of transmit antennas at UE for UL is not equal to the Rx antennas in DL, eNodeB may have partial knowledge of the DL channel to some particular Rx antennas at UE. We refer to this case as “partial channel reciprocity” and address the operation in such a scenario as well. We should note that, in Release 8 LTE, antenna switching SRS transmission at UL is possible. However, it is not a mandatory feature and may be undesirable in some UE implementations, e.g. because of insertion loss introduced by a switch. Due to antenna switching, eNodeB can obtain knowledge of the DL channel for all the Rx antennas at the UE. 
The following modes of operation are categorized based on the type of feedback reported by the UE. 
2.3
Closed-loop mode:

In closed-loop operation, UE will compute CQI, rank and preferred precoding vectors based on the channel estimate obtained from the available N_RS ports and feedbacks the values to the eNodeB. eNodeB will transmit to the UE using the reported precoding vectors and based on the reported CQI and rank.

Such a scheme is applicable to both FDD and TDD. The operation in this case is not affected by the asymmetric configuration of Tx/Rx antennas at UE and possible calibration mismatches in TX/RX chains as the transmission is along the precoding vectors reported by the UE.
The following mechanisms need to be provided for enabling close-loop operation:

· Precoding design for higher number of transmit antennas at eNodeB. 

· Signalling and feedback of rank and preferred precoding matrices.

Also, we should note that if N_RS is less than N_BF, the beamforming gains obtained by such operation will be limited. Therefore, using Release 8 CRS for feedback purposes in this scenario can reduce the gains obtained by beamforming. The loss associated with such limitations needs to be studied further.

An alternative would be providing a low duty cycle channel state information RS (CSI-RS) for the N_BF antennas that are used only for measurement and reporting (and not demodulation); the overhead corresponding to such feedback RS can be very small. Therefore, it is worthwhile to consider introducing low duty cycle CSI-RS for feedback purposes in Release 9, similar to CSI-RS envisioned for higher order MIMO and coordinated transmission in Release 10.
2.4
Open-loop mode:

In this scenario, UE will not provide any information about the channel directionality and only reports CQI and possibly rank.
In FDD mode, CQI and rank computation at the UE can be based on a set of predefined precoding matrices. Both UE and NodeB can agree on a precoding operation (i.e., large delay CDD, beam-sweeping) that will be applied in transmission. CQI and rank computation can be based on this knowledge to avoid large rate prediction mismatch. UE will report the computed CQI and rank to eNodeB.

In TDD mode, the following scenarios can be considered:
1.    UE reports only CQI assuming transmission mode 7 of Release 8 to partially capture interference. eNodeB will select the rank and adjust the CQI for different layers based on the channel knowledge and the reported CQI. 
2.    If full channel reciprocity is assumed at the transmitter, the following options can be considered:

a. If feedback RS for all the antennas is present (i.e., N_RS=N_BF), UE can perform CQI, rank selection assuming eigen-beamforming applied to the channel. Note that the computation of rank and CQI in this case can take into account the interference structure at the receiver as well as the beamforming gains from all the antennas. The UE will report the computed CQI and rank to the eNodeB. In this scenario, there is no need for transmission of the precoder information, as long as CQI computation at the UE is matched to transmit beamforming at eNodeB .
b. For case that N_RS<N_BF, rank and CQI selection can be done at the UE based on the N_RS ports available using eigen-beamforming on the RS ports. eNodeB can adjust the CQI to capture the extra beamforming gain due to a transmission from N_BF antennas as opposed to N_RS that the report is based on.
3. If “partial channel reciprocity” is applicable the following options can be considered:
a. UE can compute CQI and rank assuming one of the following two operations:
i. It assumes unprecoded channel in computation of the rank and CQI. 
ii. It assumes pseudo-eigen beamforming in computation of the rank and CQI. In this case, UE will use channel estimates for the Rx antennas that corresponds to SRS transmission in the uplink and assume random beam orthogonal to those channels for other layers. The rank and CQI computation will be based on such a beamforming structure.
b. eNodeB will use pseudo-eigen beamforming in forming the beam directions. It will use CQI and rank reported by UE to transmit along the directions obtained.
2.5
Partial feedback mode:
In this case, the UE will provide partial indication of the channel directionality it has observed along with CQI and rank information. This information can be part of the preferred precoding matrix in FDD case or can be a quantized version of the channel seen from the Rx antennas for which SRS transmission does not happen in UL.

In FDD, a UE can compute CQI and rank based on pseudo-eigen beamforming scheme. For rank 2, UE will carry out the CQI computation by using a precoding vector and choosing another direction orthogonal to the selected precoder and computing the CQI using the combined precoding matrix. eNodeB will employ pseudo-eigen beamforming according to the rank and the partial channel information provided through feedback.
We can also consider a partial feedback transmission mode in TDD systems with “partial channel reciprocity” or significant calibration mismatch at UE. In this case UE can provide additional information regarding the channel observed on the RX antenna not observable by the NodeB. 
·    CQI and rank computation at UE: UE will compute best CQI and rank using the estimate of the channel for the receive antennas known at eNodeB along with precoding vectors approximating the channel to other receive antennas. It will then report CQI, rank and the chosen precoding vectors to eNodeB.

·    Scheduling at eNodeB: eNodeB will use the channel feedback information along with its knowledge of the channel to construct beamforming precoder. It will use the CQI and rank selected by the UE along with the constructed precoders to schedule the UE.
3 Discussion
The following remarks are in order:

·    If a UE can obtain estimate of the channel for all the beamforming antennas, UE report can capture the interference and beamforming gains from all the antennas at transmitter. In this case, dual-stream beamforming gains can be obtained for both FDD and TDD systems.

· The number of CRS ports advertised in Release 8 is at most 4 (and most probably 2 in commercial deployments) and because of its use in demodulation its associated overhead is large. At the same time, the number of transmit antennas for beamforming operation can be larger than the number of advertised CRS ports, 
· Given the above, it is possible to introduce a low duty cycle reference signal that is only used for channel state information feedback along the lines of CSI-RS envisioned for Release 10. The beamforming gains of using all transmit antennas relative to using only CRS antenna ports can be large. Having a low overhead CSI-RS for all the transmit antennas can provide us with the beamforming gains in FDD and possibly TDD systems.
·    In order to capture beamforming gains (especially in FDD setup) for the case that the number of transmit antennas is larger than 4, new precoding structure needs to be considered.

·   The granularity of report in time and frequency can be studied further. In particular, frequency selective report (i.e. subband based) or wideband report can be considered as in Release 8. 

·    Layer shifting for rank 2 transmissions can be considered in different modes of operation outlined in previous section. Such a mechanism can be beneficial in partial feedback mode and can also be used for overhead reduction.
·    It is possible to use DM-RS (along with the channel estimate obtained from the N_RS ports) for computation of CQI/RI for next packet transmissions. In this case the CQI/RI reporting needs to be aperiodic with request from the NodeB. Although CQI/RI computation this way captures the beamforming gains, such a mechanism may not be reliable for cases where UE-RS is allocated in small part of the band or for users with bursty traffic sources. Additionally, such reporting mechanism while accurate is not efficient even at moderate mobility as it requires frequent reporting by the UE. 

·    Methods of signalling information regarding the spatial interference structure and gains associated with them can be investigated further. This is also applicable for the case that UE has partial estimate of the channel. Examples of such signalling are as follows
· UE can provide CQI/RI/PMI feedback to eNodeB. This case is essentially close-loop precoding mentioned previously. The beamforming operation in this case can capture the interference and channel structure simultaneously.
· Interference covariance structure can be signalled to the eNodeB. For example this can be applicable in case a dominant interfering direction is detected at the UE. This can be achieved based on a low duty cycle (upper layer) signaling and used in the presence of a persistent long-term covariance structure of the interference. eNodeB can use this structure in computing the beamforming vectors, possibly rank, and CQI. The covariance structure used for reporting purposes can be computed with specified time-frequency granularity,
4 Conclusion
In this paper, we outlined different options for feedback mechanisms in support of dual-stream beamforming in TDD and FDD for Release 9. We address the feedback mechanisms for TDD with asymmetric antenna configuration. 

The choice of feedback mechanism depends on the knowledge of DL channel available at the UE and eNodeB. If a UE can estimate the channel from all the transmit antennas, it is possible to exploit dual-beamforming gains in both FDD and TDD systems. The gains will be attainable for asymmetric antenna configurations for Tx/Rx at UE and are not affected by calibration mismatch at TX/RX chains at UE.

Furthermore, in such a scenario, the CQI report from the UE can account for interference and capture the beamforming gain. In this case the beamforming gains will be from all the antennas used in transmission and not only the antennas for which CRS is transmitted.

Given that Release 8 supports up to 4 CRS transmission and the large overhead associated with it, it might be worthwhile to consider introducing low duty cycle and low overhead RS, similar to CSI-RS envisioned for Release 10, to enable closed loop or partial feedback operation. While such operation is clearly needed in FDD, it is also beneficial in TDD namely in the scenarios where open loop channel state estimation at eNodeB based on channel reciprocity principle can only provide partial information about the downlink channel or in the presence of calibration issues.
Therefore we recommend: 

· Closed loop mode in support of dual stream beamforming for FDD systems which involves support of CSI-RS for channel state measurement and corresponding CQI/PMI/RI reporting mechanisms
· Open loop or partial feedback mode for TDD operation. Closed loop operation for TDD should also be considered
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