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1. Introduction

In last RAN1 meeting, there were several CQI relating contributions [1]-[9] and then preliminary working assumption was agreed. According to the text, it seems to be assumed that the channel quality information is carried only on physical resources such as CQICH. However, in order to obtain more throughput gain from dynamic multi-user scheduling especially over wider bandwidth (e.g. more than 5 MHz) in frequency domain, too much overhead in L1 CQI feedback signalling would be required if full CQI values are to be transmitted for all CQI band every time. To resolve this issue, several CQI feedback schemes capable of reducing the feedback overhead have been proposed during last several meetings. But, in those schemes there is certainly trade-off between throughput/scheduling gain and CQI overhead reduction due to limited physical resource. If the problem results from the inherent limitation of available physical layer signalling resource, we can also consider modified CQI reporting methodology, i.e., introducing the possibility of using L2 (MAC layer) signalling for CQI feedback information in addition to L1 signalling. 
In this paper, we will focus on introducing CQI feedback method not only by L1 signalling, but also by collaborated signalling (i.e. both L1 and L2 signalling). By introducing MAC signalling additionally instead of using physical resources only, we can find out the efficient CQI signalling method, which minimizes the usage of the physical resource while maximizing the scheduling gain or throughput.
2. Methodology of delivering CQI feedback information into Node B
CQI information delivering 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, 

We can assume that the option 1 has been already included in the text (TR 25.814) from last Helsinki meeting.. It doesn’t seem to be precluded that the option 2 could be also discussed in LTE discussion. In case of option 2, however it seems to be difficult to perform fast dynamic multi-user scheduling over time-frequency resource blocks in physical layer due to property of MAC layer message. Hence, the option 2 would be more or less unattractive for LTE. Option 3 can be seen as hybrid of option 1 and option 2. Option 3 can be flexibly employed if L1 and L2 signalling are cooperated various ways. 
While it is true that the option 1 is very promising among CQI delivering methods, option 3 also is very efficient alternative because this option can provide the possibility of minimizing the physical layer overhead while maximizing the frequency scheduling gain if proper combination of L1 signalling and L2 signalling is used. In following section, the possible procedure and the exemplary combination 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 the control signalling indicates the measurement area for estimating DL channel quality and simultaneously allocates uplink resource for uplink fast feedback channel. Meanwhile, the control signalling assigns uplink resource for L2 signalling channel (i.e. MAC message) carrying the uplink feedback information and also may inform UE of the necessity of full band CQI information in uplink.. In figure 1, it was assumed that once the uplink CQICH channel is assigned, uplink physical layer control signalling channel delivers the feedback information (e.g. CQI, CINR) periodically even though there is no DL resource allocation control information afterward, while uplink MAC layer signalling delivers the full band CQI feedback information in scheduled manner or periodically for simplicity.
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Figure 1. Control signalling procedure for downlink measurement, uplink resource allocation and uplink CQI reporting
Based on above scenarios, there could be various combinations depending on 1) which layer signalling channel (e.g. L1 and/or L2 signalling channel) will be assigned to 2) which types of feedback information (e.g. differential bit, full bit, periodic, aperiodic and etc) will be delivered to Node B. For example, L2 signalling can be used to deliver full CQI values for full band or N-selected band, while periodic L1 signalling can be used to deliver differential update values to the previously transmitted CQI values for full band or N-selected band utilizing differential modulation. Among various combinations, the most intuitive one can be delineated as follows; 

(1) Full CQI values would be transmitted via L2 signalling message for full band on which UE is assigned based on its capability. The transmission for L2 signalling can be made periodically or can be driven with certain events without special period.
(2) L1 signalling message can be transmitted periodically where each L1 signalling message can transmit the differential updates to the values transmitted previously utilizing certain differential modulation techniques. Specific methods for differential modulation (DM) techniques are for further study. 
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 first L2 signalling message could provide the reference CQI values for differential update of each band and the succeeding L1 signalling message 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 period 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. The details on how short or long the period should be configured are FFS. In addition to the periodic transmission, aperiodic transmission based on Node B scheduling can be considered. 
It should be noted that the above combination of L1 and L2 signaling is just one example and the possibility and feasibility of the other combinations should be investigated further in SI phase.

3. Conclusions

In this contribution, the concept of another type of CQI feedback methodology is roughly introduced based on the collaborative signalling mechanism between L1 and L2. 
Here, the combination described in section 3 is given as an example, which utilizes L2 signalling to transmit full CQI values for full CQI bands and L1 signalling for differential update for each band. The proposed method can be used efficiently in case of lack of physical resource and/or to deliver more accurate DL channel quality to Node B through uplink feedback channel while reducing an amount of physical feedback overhead. 
However, there could be various combinations that should be investigated further during current LTE study phase. Therefore, we suggest including simple text into the TR25.814, just mentioning the possibility of exploiting L2 signalling in addition to L1 signalling. The suggested text proposal is attached to the end of this document.
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-----------------------------------Start of text -------------------------------------

7.1.3.1 UE measurements

The UE should be able to measure and report to the Node B the channel quality of one or more groups of resource blocks, see Section 7.1.3.1.1, in form of a CQI. In order to allow for efficient trade-off between UL signaling overhead and link-adaptation/scheduling performance taking varying channel-conditions and type of scheduling into account, the time granularity of the CQI reporting should be adjustable in terms of sub-frame units (periodic or triggered) and set on a per UE or per UE-group basis. In addition, the amount of overhead should be considered when comparing different CQI reporting schemes. 

Measurements periods to support inter-frequency and inter-RAT handover should be created by the scheduler, i.e. compressed mode is not assumed to be needed.

7.1.3.1.1 Channel Quality Indicator 

The frequency dimension of OFDM symbols can be organized into an integer number of CQI bands across all carrier bandwidth modes with each CQI band bandwidth corresponding to x (e.g. x=25 or 50) number of consecutive sub-carriers. The granularity of the CQI band bandwidth should be multiples of the minimum resource block bandwidth.  

Channel quality indicator (CQI) feedback from UE which indicates the downlink channel quality can be used at Node B at least for the following purposes:

· Time/frequency selective scheduling.

· Selection of modulation and coding scheme.
· Interference management,
· Transmission power control for physical channels, e.g., physical/L2-control signaling channels.
Various techniques or combinations thereof can be considered for reducing CQI feedback which include (as examples) the following:

1. Only feedback information from the top M strongest CQI bands

2. Differential feedback information in time or frequency 

3. Bitmap techniques indicating which bands reflect a reported CQI value

4. Hierarchical Tree structure based approaches

5. Using a set of (orthogonal) functions to approximate frequency selective fading profile (e.g. DCT
)

Various techniques or their combinations described above will deliver their feedback information to Node B by exploiting L1 signalling, L2 signalling or L1/L2 collaborated signalling.

-----------------------------------End of text -------------------------------------
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