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1
Introduction

In [1] we introduced the MCW and SCW based DL-MIMO schemes for E-UTRA, which can potentially support pre-coding and SDMA operations. This document complements the contribution of [1] by providing the detailed description on the uplink and downlink control information and the associated control channels. 
In the following, we denote the number of physical transmit antennas by Mt, the number of physical receive antennas by Mr, the number of available virtual transmit antennas by Me, and the number of simultaneously transmitted layers by M [1].
2
Uplink Control Channel
2.1
ASI Channel
The virtual antenna subset indicator may be reported on the antenna subset indicator (ASI) uplink control channel. The availability of the ASI uplink control channel, the associated uplink resource allocation, and reporting period are signalled by Node-B in a (long-term) semi-static way, depending on the receiver architecture, number of antennas in Node-B and UE, long-term SNR, spatial correlation, and other channel conditions. UE feeds back the index of a preferred subset of virtual antennas by use of Me bits (e.g., 2 bits for 2 virtual antennas and 4 bits for 4 virtual antennas), which may be reduced if Node-B restricts the available subsets of the virtual antennas. Note that the information of the preferred number of layers is implicitly contained in the index of the preferred virtual antenna subset. An exemplary subset selection algorithm (for single-user MIMO) is to calculate the sum capacity achievable by each subset and select the one which yields the maximum sum capacity. In this algorithm UE assumes that the total transmit power is equally allocated to the virtual antennas in the selected subset.
If Node-B and UE supports a matrix selection based pre-coding, the ASI uplink control channel may be used to feed back a preferred pre-coding matrix (e.g., by use of 4-6 bits) and a preferred column subset (e.g., by use of 2-4 bits) instead of the virtual antenna subset in the pre-coding mode, mostly combined with SDMA. The column subset selection algorithm for the SDMA operation is likely to be different from that of the virtual antenna subset selection for the single-user MIMO operation, especially on the selection criterion and the assumption of power allocation. As the feedback overhead increases in the pre-coding mode, the associated uplink resource allocation or the reporting period is likely to increase relative to the normal mode which does not need the matrix selection.
2.2
CQI Channel
Post-processing effective SINR is sent periodically on the CQI uplink control channel. In order to take into account the SINR fluctuation for different tones and/or different virtual antennas, it is desirable to apply a well-designed effective SINR generation method. A useful method is to use a convex metric, which is based on the assumption that the average of capacities for the individual SINRs would be equal to the capacity for the resulting effective SINR. 

UE is likely to assume different transmit power distributions for the single-user MIMO mode and the SDMA mode in calculating the effective SINR calculation.
2.2.1
CQI Channel for MCW MIMO
UE generates the post-processing effective SINR for M layers, reflecting the SIC gain for each layer and the SINR fluctuation for different tones within one layer. An exemplary effective SINR, based on the unconstrained AWGN channel capacity, for the nth layer is given by
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where N is the number of tones per layer, 
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 is the SINR of the nth tone of the mth layer, and Q is a penalty factor to model the practical loss of actual transceivers.

The calculation of 
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 should reflect the corresponding SIC gain of the mth layer. As each layer of the MCW MIMO scheme symmetrically utilizes all the selected virtual antennas in transmitting its codeword, the effective SINR values of the M layers were equal if SIC were not applied. Therefore, when we use an SIC receiver, we can get a graceful SINR ordering of 
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, which originates from the monotonically increasing SIC gain. Exploiting the monotonically increasing SINR characteristics, UE may report the full CQI value, quantized to X bits (e.g., 5 bits),
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for the 0th layer, and the incremental CQI values, quantized to W bits (e.g., 3 bits for two virtual antennas and 6 bits for four virtual antennas) in all,
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for the remaining layers. The transmitter can reconstruct the full CQI value for the mth layer by applying
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This incremental CQI reporting will probably cause less overhead than the full CQI reporting. We call this multiple differential CQI method.

Further, a more efficient, but possibly incurring a performance loss on highly correlated channels, way of CQI reporting is to report the full CQI value for the 0th layer using X bits, and a function of the incremental CQI values 
[image: image10.wmf])

,

,

,

(

1

2

1

-

D

D

D

M

f

L

for the other layers using Y bits (
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, e.g., 3 bits). A simple function f(.) is the average of all CQI increments, i.e.,
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Then the transmitter can reconstruct the full CQI value for the mth layer by applying
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We call this more efficient reporting method single differential CQI method.

The single differential CQI method is more efficient in reducing the CQI feedback overhead and provides a comparable performance in typical channels [2][3] thus it is used as the baseline CQI reporting method for MCW MIMO, but the multiple differential CQI method can supplement the single differential CQI method to prevent the performance loss in a highly correlated channel. The choice of either single or multiple differential CQI method may be signalled by Node-B in a (long-term) semi-static way in consideration of spatial correlation, and other channel conditions.

2.2.2
CQI Channel for SCW MIMO
UE generates the post-processing effective SINR, reflecting the SINR fluctuation for different frequency tones and virtual antennas. An exemplary effective SINR, based on the unconstrained AWGN channel capacity, is given by
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where N is the number of tones per virtual antenna, M is the number of preferred virtual antennas, 
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 is the SINR associated with the nth tone and the mth virtual antennas, and Q is a penalty factor to model the practical loss of actual transceivers. The single effective SINR is quantized to Z bits (
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, e.g., 5-7 bits) and sent to Node-B.

2.3
ACK Channel
The decoding result of each codeword is sent on the ACK uplink control channel. 

2.3.1
ACK Channel for MCW MIMO
A simple way is to report ACK/NACK individually for each layer, which requires maximum Me bits (e.g., 2 bits for 2 virtual antennas and 4 bits for 4 virtual antennas). Even though the overhead for the ACK/NACK feedback is much lower than that for the CQI, we may also reduce the ACK/NACK overhead by compromising with the performance as follows.
If, on a particular transmission, the first layer is not decoded, UE stops decoding and does not send an ACK, which is interpreted by Node-B as a NACK. If at any point, one of the layers is not decoded, the receiver stops the decoding process and sends an ACK with the number of decoded layers. This reporting method works well with the blanking based HARQ resynchronization [1][2]. This efficient reporting method requires maximum 
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bits (e.g., 1 bit for 2 virtual antennas and 2 bits for 4 virtual antennas). 

We need a further study to determine the ACK/NACK reporting method for the MCW MIMO.
2.3.2
ACK Channel for SCW MIMO
The receiver sends back a 1 bit ACK.
3
Downlink Control Channel
3.1
DL Shared Control Channel
Node-B shall inform each scheduled UE of the allocated time-frequency resource, selected virtual antenna subset, transmit format (or, MCS), and the others for all the selected layer(s) through the DL shared control channel. 
Node-B may always comply with the preference of UE in selecting the virtual antenna subset (or the pre-coding matrix and the column subset in the pre-coding mode) so that the information on the selected subset need not be sent on the DL shared control channel. However, in this case, the power of the uplink ASI channel shall be carefully controlled so that the eraser and error rates are kept low.
In the MCW MIMO, by restricting the MCS selection among the layers such that a differential encoding similar to the CQI channel is applicable, the information on the transmit formats may be reduced. 
3.2
Higher Layer Signalling
Number of total virtual antennas will be broadcast over downlink common control channel in a (long term) semi-static way.

The operating mode (e.g., single-user MIMO or SDMA, etc) should be signalled in a (long term) semi-static way through a higher layer signalling depending on the number of receive antennas in UE, long-term channel correlation, and the others.

Availability of virtual antenna selection and allowed subsets of virtual antennas, availability of multiple pre-coding matrices, available resources and reporting period for uplink control channels, and choice of differential CQI reporting method should be signalled in a (long term) semi-static way through a higher layer signalling, depending on the number of receive antennas in UE, long-term channel correlation, operating mode, receiver architecture, and the others.
4
Control Overhead for MIMO Sub-band Scheduling
As described in the previous sections, the MIMO control channel overhead is very large even without sub-band scheduling, especially when the system is operated with pre-coding. If the system supports downlink sub-band scheduling as well as pre-coding, the uplink control overhead may be the most critical problem in the overall system operation. 
In addition, if the system simultaneously supports SDMA (mostly combined with pre-coding) and sub-band scheduling, the downlink control overhead also becomes a big issue, as a large number of DL control channels corresponding to the spatially and spectrally multiplexed users need to be simultaneously transmitted by Node-B and monitored by UE. The pros and cons of the multi-dimensional multiple access (i.e., both SDMA and sub-band scheduling) needs to be carefully analyzed in consideration of the increase of the control channel overhead.    
5
Conclusions
We listed the uplink and downlink control channels required for MCW and SCW based DL MIMO schemes. The required control channels are ASICH, CQICH, and ACKCH for uplink feedback information, SCCH for downlink control information for decoding, and CCCH or higher layer signalling for long term downlink configuration and operating mode information. 
The ASICH and CQICH might be combined into a common feedback channel. The CQICH overhead for MCW can significantly be reduced by a single differential CQI encoding method.

When the system simultaneously supports SDMA (mostly combined with pre-coding) and sub-band scheduling, the uplink control overhead becomes a big issue. Furthermore, the downlink control overhead may also significantly increase as a large number of SCCHs exist at a time, each of which contains UE ID, allocated resources, MCS, pre-coding matrix and columns, and the others.
We recommend that the system evaluation for each MIMO proposal should take into account the required downlink and uplink control overhead.    
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