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1. Introduction

During RAN2#50 and RAN#52 some discussions took place on the CQI reporting scheme for LTE [1], [2].

In this document, we propose a reporting principle to support an efficient Channel Feedback according to a baseline of physical resource block size, SPRB equal to MxN, where M=25 subcarriers and N is equal to the number of OFDM symbols in a Subframe as given in chapter 7.1.1.2 of [3].

Table 1: Number of available physical resource blocks with M=25 subcarriers according to used bandwidth

Bandwidth (MHz)
1.25
2.5
5.0
10.0
15.0
20.0

Physical resource block bandwidth (kHz)
375
375
375
375
375
375

Number of available physical resource blocks
3
6
12
24
36
48

For an optimized allocation process of radio resources, i.e. the frequency localized scheduling, the feedback of the UE quality report of each UE measurement shall provide the radio channel quality with sufficient granularity.

According to RAN 1 two different allocation modes are distinguished: frequency localized or frequency distributed transmission. For both modes different CQI reporting schemes should be applied:

For a frequency distributed transmission one report based on an average value measured over the complete frequency band might be sufficient.

For a frequency localized transmission more detailed information is required to be able to address the best resource blocks to individual UEs.

In this paper we would like to present a principle for CQI reporting to support a frequency localized scheduling. This approach is tailored to report the number of available physical resource blocks according to Table 1 in the shortest time frame with highest accuracy using a minimum of signaling resources.

2. Incremental Feedback 

The MAC Scheduler is dependent on channel quality report of the UE to act properly in the 2 transmission modes: frequency localized and frequency distributed. 

The presented incremental feedback is a highly efficient reporting scheme w.r.t.

· System resource usage (e.g. uplink signalling load)

· Grade of granularity of CQI reports

· Performance (downlink system throughput) compared to other feedback methods

· Flexibility to adapt to current network conditions (e.g. system load, parameters)

The example in Figure 1 shows:

· the measured channel quality in the UE (blue)

· the reporting contents per successive subframe (green)

· the reconstructed channel quality information at network side (red doted line)

Parameter requirements and report structures of the adaptive incremental feedback principle are detailed in the following subchapters.
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Figure 1: Exemplary Feedback Channel Interval (S=3, U=1)

2.1. Feedback Channel Contents

The feedback channel content will be:

· The Refinement Info (RI)
The Refinement Info defines the number of reported refinement groups in the next refinement step. The number of reported groups depends on the UE radio channel characteristic and the cell bandwidth. This information is optional and will not be used in the last refinement step of each phase.
· The Refinement Direction (RD)
The Refinement Direction informs the eNB, which currently reported group will be refined in the next refinement step. This information is important, to identify the direction of further refinements especially if Quality Info values in the current report are identical. This information is optional and will not be used in the last refinement step and update phase.

· The Quality Info
The field Quality Info contains the channel quality measures for each reported refinement group in the current refinement step. Preferably the Quality Info is an equivalent to the applicable modulation schemes (not usable resource block, QPSK, 16QAM, 64QAM). This information is mandatory and will be used in every quality report.
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Figure 2: Feedback Channel Content

2.2. Incremental Feedback Principle
Figure 2 shows an example how to achieve a feedback quality reporting for odd number of resource blocks (M=25) for the case of 5 MHz bandwidth having 12 resource blocks (see Table 1).

2.2.1. The Split Phase
In the following an example of a Split phase is briefly outlined.

· Sub frame 1

In the first phase the whole 5 MHz bandwidth is split into 2 evenly divided reporting areas. The whole 5MHz bandwidth is reported.
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e.g. channel feedback report:  
· Sub frame 2

In the next step one area is more differentiated according implementation specific choice, like here, where the left area has a higher local minimum as the right area.  In the case of 5 MHz, the reported area is split in half parts again. The green area is reported. 
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e.g. channel feedback report:
· Sub frame 3
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As in the case of 5 MHz the minimum reporting bandwidth is reached in this step. The last differentiation is done by splitting the area with the local maximum (from Sub frame 2) into 3 same size parts.

e.g. channel feedback report:
2.2.2. The Update Phase
· Sub frames 4, 5 and 6

The number of reports in the update phase corresponds to the number of reports within the split phase. Thus no RI or RD field is needed here.

During the update phase, the oldest quality report of the previous phase is always updated with three quality values. Each report in subframes 4 and 5 thus refines the granularity for the corresponding area. In the last report (in subframe 6) the granularity remains as it was in the split phase.
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Note: In the example given, in subframe 3 the minimum granularity of one RB was reached.

e.g. channel feedback report:
When the end of the update phase is reached, another (new) split phase is initiated. A new split phase results in a new initial refinement decision.

2.2.3. Parameters for the channel quality feedback

The less volatile the channel profile is, the more reports can be generated during the split (and update) phase to achieve the finest possible granularity. With two parameters, the whole feedback principle is defined:

· The parameter S 
is evaluated by the UE during the split phase and limits the number of consecutive reports (S>=1), e.g. according to the channel profile, mobility, signalled/broadcasted system parameters. The last report of the split phase always contains qualities for three areas, it is thus identified by the RI field setting of its predecessor.

· The parameter U
defines the number of update phases that are performed before a new split phase is initiated (U>=0). During the update phase, reported areas of the previous phase are further detailed/refreshed beginning with the oldest reported area. The Update phase is “initiated” after the last report of the preceding split phase.

2.3. Incremental Feedback Advantages

· The algorithm is very resource saving, due to its incremental nature of channel reporting

· Each CQI report has a constant number of bits. 

· The resulting chunk size of reports fits to the in RAN1 proposed value of 25 sub-carriers

· It can be adapted to different channel profiles by adjusting the parameters 
S (split period) and U (number of update phases)

· The grade of CQI report resolution can be adjusted for frequency distributed and frequency localized transmission [1] and [4]

· The resulting system performance of this principle is exceeding that of the frequency distributed feedback channel reporting, which is shown by simulation results for a Pedestrian-B channel profile in the annex.

· By applying the incremental feedback method, the reconstructed sub carrier snapshot has a very fine frequency resolution, tracing the real channel conditions in the UE over time
3. Proposal

We propose to

· discuss the presented incremental feedback principle

· include it as the channel quality feedback method in the upcoming 3GPP Work Item

· further analyse and optimise the presented principle for the appliance in the OFDM based LTE system.
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Appendix: Simulation

Simulation Setup

· Single cell Model

· All UEs have the same fixed distance
 to NodeB with a corresponding path loss 
(no mobility)

· Equal power allocation for all subcarriers

· Omni-directional antenna

· Feedforward signalling

· Scheduling





Figure 3: Simulation Setup
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Feedback

· The used channel profile is a 
Pedestrian B (3 km/h) channel with Fast Fading (Multi-Path Fading) 

Figure 4: Channel Profile Pedestrian B

Simulation Result

Simulation result shows that adaptive incremental feedback algorithm is approaching the perfect feedback performance results, especially in the lower SNR areas.

Adaptive incremental feedback algorithm is clearly outperforming the frequency distributed method of feedback.
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Figure 5: Simulation Result
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