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1. Background
In order to obtain frequency domain scheduling gain as well as time-domain scheduling gain in LTE system where transmission bandwidth can be assigned up to 20MHz, more precise channel information should be available at Node B scheduler, which covers the whole transmission bandwidth. Also, the reporting cycle of feedback information should be well-configured for corresponding scheduling purpose. To compensate the variation of channel condition in time and frequency domain, considerable amount of control bit (e.g. CQI) should be reported to Node B.  However, reserving physical resource to convey such amount of feedback information doesn’t seem to be an efficient way. Considering feedback information even in LTE-MIMO system, the problem caused by physical resource limitation would be worse.  For example, if the CQI band is 375kHz (25 sub-carriers), the system bandwidth is 10MHz wide, and the quantized bit for 1 CQI value is 5 bits, then  the total number of bits for whole CQI bands will be up to 24x2x5= 240 bits per every TTI when considering 2 stream MIMO transmission. Of course, these CQI bits and reporting period could be efficiently reduced by means of various CQI reporting schemes. On the other hand, those reporting schemes naturally impose some restrictions to the scheduling operation at Node B, which may reduce the downlink throughput compared to the case when Node B scheduler knows the full channel information. Hence, we can consider an approach using upper layer signalling together with physical layer signalling as an alterative method in order to reduce the signalling overhead in physical layer and also to avoid the restriction to the Node B scheduler operation.
2. Methodology of delivering CQI feedback information into Node B
Depending on which entity delivers the channel quality information, CQI reporting method can be classified as follows; 
1) Delivering CQI feedback information by utilizing L1 signalling only (e.g. CQICH), 
2) Delivering CQI feedback information by utilizing L2 signalling only (e.g. MAC signalling).
3) Delivering CQI feedback information by utilizing L1 and/or L2 signalling jointly depending on CQI reporting schemes, 

As described in the option 1 above, most companies seem to consider CQI reporting method through physical layer signalling as a basic type of CQI reporting. In this case, trade-off between Node B scheduling gain and amount of feedback information would be unavoidable due to limitation of physical layer resource.  In case of option 2, it seems to be difficult to perform fast dynamic multi-user scheduling over time-frequency resource blocks in physical layer due to latency property of MAC layer message. Hence, the option 2 would be more or less unattractive for LTE. The option 3 can be seen as hybrid of option 1 and option 2. This can be flexibly employed to control and configure the amount of feedback information to be conveyed on both L1 and L2 signaling depending on available resource in each layer. Hence, this option can provide the possibility of minimizing the physical layer overhead while maximizing the frequency scheduling gain if L1 signalling and L2 signalling are collaborated appropriately. In the following section, the possible procedure and the exemplary signaling configuration for the option 3 will be explained in detail.
3. Delivering CQI information by using L1 and/or L2 signalling
In this section, we will introduce the procedures and one possible exemplary combination on the option 3 described in the section 2. Figure 1 shows the flows of the DL control message for uplink resource allocation and delivering procedure of uplink CQI feedback information. In the figure, downlink control signalling indicates the measurement area for estimating DL channel quality and simultaneously allocates uplink resource for L1 uplink fast feedback channel. Meanwhile, the control signalling assigns uplink resource for L2 signalling channel (i.e. MAC message) carrying the uplink feedback information (if needed) and also may inform UE of the necessity of full band CQI information in uplink. Once the uplink CQICH channel is assigned, the feedback information (e.g. CQI, SINR) was assumed to be reported periodically in a dedicated manner. In different way, uplink MAC layer signalling delivers the full band CQI feedback information in scheduled manner (persistent scheduling may be used for a periodic feedback).
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Figure 1. Control signalling procedure for downlink measurement, uplink resource allocation and uplink CQI reporting
In carrying the CQI information on both L1 and L2 signaling, there could be various combinations. It depends on the type of signalling channels (e.g. L1 or L2), configuration of feedback information (e.g. differential bit, partial bit or full bit), reporting period (e.g. periodic or scheduled period) and etc.

Basically, there could be the case that L2 signalling is used to deliver full CQI values for full band or N-selected band, while periodic L1 signalling is used to deliver differential update values to the previously transmitted CQI values for full band or N-selected band utilizing differential modulation. 
Here is an exemplary case;
(1) Full CQI values are transmitted via L2 signalling for full band on which UE is assigned based on its capability. The transmission for L2 signalling can be scheduled by Node B or can be performed by certain events without special period fixed.
(2) L1 signalling can be transmitted periodically where each L1 signalling transmits the differential updates (DM) relative to the previous transmitted values. Here, these DM values are configured by means of various type of differential modulation techniques A simple example is 1 bit (up/down) reporting  per resource block.
Figure 2 shows the summary of the above example. 
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Figure 2. One intuitive example of combination between L1 signalling and/or L2 signalling for LTE CQI reporting
In the above example, the initial L2 signalling provides the reference CQI values for differential update of each band and the succeeding L1 signalling transmits the differential update to the previously transmitted value for each band. Based on the L1/L2 signalling, Node B would try to synchronize with UE by updating and calculating the CQI value for each band. In the figure 2, it was assumed that the period of ‘DM CQI’ is periodic and ‘Full CQI’ transmission timing is determined by Node B scheduler. 
However, there are several cases where resynchronization between Node B and UE is necessary. For example, if there are errors in the differential updates, synchronization for the actual CQI values cannot be maintained between Node B and UE. Therefore, it may be necessary to transmit the L2 signalling message again in order to achieve resynchronization.. For this purpose, periodic transmission of the L2 signalling can be considered, where the actual period can be configured as signalling parameters. In addition to the periodic transmission, aperiodic transmission based on Node B scheduling can be also considered. 
3. Conclusions

In this contribution, the concept of L1/L2 hybrid signaling of CQI feedback is introduced. In order to perform time & frequency domain scheduling efficiently over the wide bandwidth (e.g. 10, 20MHz), CQI on downlink channel should be timely reported as precise as possible. However, the feedback information which covers the whole bandwidth is too large to be transmitted to Node B as it is, then the CQI information should be selected, compressed or reduced by proper scheme before transmission of full CQI value (also including MIMO CQI). As one approach, we can consider reporting of the CQI value by means of MAC layer signalling combined with physical layer signalling. This feedback methodology utilizes both L2 signalling to transmit full CQI values for full CQI bands and L1 signalling for differential update for each band. This L1/L2 collaborated CQI signalling method can not only lessen a burden of feedback overhead in physical layer, but also deliver more accurate downlink channel quality over whole bandwidth to Node B.
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