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1 Introduction

This document addresses the content and size of the uplink E-UTRA CQI (E-CQI) message that conveys downlink channel state information to the NodeB. It is an update of the previous contribution [1] where we have adapted the CQI feedback description in accordance with recent RAN1 email reflector discussions. 
The elements of the feedback message (channel quality indicator for SISO channels, see, e.g., [1]-[8], precoding matrices, see, e.g., [9]-[13]) have been discussed in earlier contributions. Here, we treat these elements in an integrated comprehensive way, and propose a baseline uplink E-CQI structure for these messages. This structure is based on the “Best-M” signalling concept [2][14] and accommodates various DL operation modes (spatial multiplexing, beamforming, single-stream transmit diversity [15]).
The message structure follows the same simple concept used in HSDPA: report an MCS for which a certain target BLER can be guaranteed. The structural differences with HSDPA lie in the fact that the concept of “MCS” is broadened to include multiple-antenna systems and that frequency selective scheduling explicitly is anticipated in the E-CQI report.
In Section 2, we formulate some assumptions about the downlink transmission based on the conclusions from [16]. Section 3 then presents the baseline signalling message structure. The message fields are discussed and initial sizes of these fields are proposed in Section 4. Finally, we conclude in Section 5.
2 Assumptions and motivation
The message structure outlined in the next section is based on the following assumptions:
1. The NodeB transmits the same number of streams in all the assigned frequency subbands to a scheduled user.

2. Codebook-based MIMO precoding is used only when the number of transmitted streams is less than the number of transmit antennas, in other words, when the precoding matrices are always non-square. Otherwise the streams are transmitted directly from each antenna (i.e. the precoding matrix is in this case always selected as the identity matrix) [16]. 

3. The NodeB transmits the m:th stream using the m:th column from one selected precoding matrix from the codebook, for all the assigned frequency subbands [16].

4. The NodeB may use different modulations on the different streams transmitted to a user.

These assumptions form a good trade off between downlink performance and signalling load as shown in [16]. They also allow extending the notion of MCS in a straightforward way. 
3 Signalling structure
In HSDPA, a CQI message essentially represents a modulation and coding scheme (MCS) by encoding the attributes “modulation”, “number of spreading codes” and “transport block size” into a 5-bit codeword (see the CQI mapping tables in tables in 25.212). Such a 5-bit CQI-value essentially represents an MCS, for which  the UE claims that it can be received with not more than 10% error probability.

For the design of the E-UTRA uplink signalling, we propose to extend this concept and define an E-UTRA transmission scheme (ETS) through the attributes: 

· the label to a subset of frequency subbands, 

· the number of  streams

· the precoding matrix 
· the modulation and coding scheme for each stream or for each codeword
In the spirit of HSDPA, we then design a signalling message by making it properly represent an ETS for which the UE claims to achieve a certain target BLER. Figure 1 illustrates the basic structure of the uplink signalling message.

[image: image1]
Figure 1: Basic fields of the uplink E-CQI signaling message.
The E-CQI message contains the following four fields:

1. Subband Indicator (SBI)
contains a label of the subset of subbands whose channel quality and precoding matrix are indicated. See [14] for details on how this subset (typically the preferred M subbands for DL transmission) can be determined.
2. Rank Indicator (RI)
contains the number of streams. This field is necessary to interpret the remaining fields. First, the value of the rank indicator indicates the interpretation of the CQI-field. Moreover, the value of the rank indicator determines if precoding is used and to which precoding matrix codebook the PMI points.
3. Channel Quality Indicator (CQI)

contains the channel quality of the streams either directly or differentially, which is necessary to set the MCS’s. The CQI can for example contain one CQI per (virtual) antenna [20] or one CQI per codeword using differential CQI reporting [18] or with a single CQI [19]. 
4. Precoding Matrix Indicator (PMI)

contains the precoding matrix indicator. This indicator is a label into the set of predefined precoding matrices, i.e. the codebook. Each precoding matrix in the codebook has row and column dimensions equal to number of transmit antennas and number of streams, respectively. 
4 Signalling size and examples
Depending on the DL operation mode (spatial multiplexing, beamforming, single-stream transmit diversity) the fields of the uplink E-CQI signalling message may

· contain different number of bits. The number of bits is for instance determined by the number of data streams that are transmitted to a user. Typically, the CQI field contains bits indicating the CQI for each of the DL streams.
· be interpreted differently by the NodeB. As an example, the interpretation of the message depends on the spatial multiplexing mode. The threshold ETS for which 10% BLER can be obtained will, for instance, be different for single-user MIMO and multiuser MIMO.
Figure 2 illustrates the message structure for the three cases where the number of TX antennas are 1, 2 and 4. This number is known to the UE. Furthermore, the operation mode of the DL is appropriately conveyed to the UE through a DL signalling message. For the multi-user MIMO operation mode, for instance, a UE typically uses the 1-stream message structure. 
The number of TX antennas and the operation mode then being known at both ends of the link, the proper interpretation of the E-CQI message is guaranteed. The structure and the number of information bits for the various fields of the E-CQI message then depends on the number of streams indicated in the rank indicator field. Table 1 summarizes these numbers. Typical sizes of the message fields are 16 bits for the SBI (see [1]), 5 bits or less for CQI per stream, 0,1 or 2 bits for the RI (denoting the number of streams), and 0, 3 or 4 bits for the PMI (allowing 8 or 16 possible precoding matrices). Depending on the DL operation mode the total number of bits varies between 21 and 33 bits. After encoding all message sizes will typically be the same so that one size physical channel can be assigned to carry the E-CQI information.  
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Figure 2: Embodiments of the uplink E-CQI signaling message.
Table 1: Number of information bits in the E-CQI message.

	
	1 TX antenna
	2 TX antenna
	4 TX antenna

	
	1 stream
	1 streams
	2 streams
	1 stream
	2 streams
	3 streams
	4 streams

	SBI
	16

	RI
	0
	1
	2

	CQI
	5
	5
	8
	5
	8
	11
	14

	PMI
	0
	3
	0
	4
	4
	4
	0

	Total
	21
	25
	25
	27
	30
	33
	32


4.1 Incremental feedback of the SBI

Depending on the feedback overhead requirement, the feedback method used for the message in Table 1 should be defined. The feedback of the mask which define the Best-M subbands may be transmitted incrementally with a variable subband bandwidth, to reduce the number of SBI feedback bits in each CQI transmission. Similar to the incremental feedback of DCT coefficients in [21], an incremental feedback of the Best-M subband mask is possible by gradually decreasing the bandwidth of the subbands.
An example is given in Figure 3, where in the first step the full E-UTRA bandwidth is divided into 6 subbands and the UE selects the Best-3 subbands and reports the associated CQI and PMI. In the next E-CQI feedback instant, the UE has further made a split of the Best-3 subbands from the previous step into 6 subbands with narrower bandwidth and reports the Best-3 among these. This process repeats stepwise until the desired granularly has been achieved and then the method starts over with Step 1. 

[image: image3]
Figure 3 Example of the incremental Best-M reporting of SBI. In each step 3 (magenta) out of the 6 (dark grey) groups of subbands are selected so the bandwidth of each subband decreases in each step. The bitmap mask for the Best-M subbands are used in this example for clarity but the optimal compression method in [14] can be used to reduced the number of required bits from 6 to 5.   
5 Conclusions

This contribution contains a baseline structure for the UL E-UTRA CQI signalling message. This scheme extends the HSDPA CQI signalling concept to accommodate for new LTE features as frequency selective scheduling and new MIMO transmission modes. 
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