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1. Introduction

It was agreed that CQI is defined in terms of TBS, MS (QPSK, 16QAM, 64QAM) where a single CQI index corresponds to an index pointing to a value in the CQI table [1]. In this contribution the CQI is assumed to be the preferred MCS (equivalent to the transport format). 

In RAN1 50bis, CQI signaling on PUSCH based on the following three formats has been agreed:
· Wideband CQI: one wideband CQI value is reported.

· eNB-configured CQI feedback: One CQI for each sub-band in the set of sub-bands semi-statically configured by the eNB is reported.

· UE-selected sub-band feedback: UE selects the 
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 best sub-bands within the sub-bands configured by the eNB and reports the positions of these M sub-bands using e.g. a compressed label or bitmap. One CQI value is reported assuming transmission only over the M selected sub-bands. Additionally, one wideband CQI value is reported. 

This contribution presents our study on the eNB-configured CQI feedback based on differential compression where the difference between the CQI of a sub-band and a reference value is reported to eNB. Since the differential CQI is expected to have a smaller dynamic range than the absolute CQI, fewer bits could be used and therefore reduce the feedback overhead. Two possible choices of reference are:
· Wideband CQI: A single wideband CQI 
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 is used as the common reference to all sub-bands. The differential CQI sequence is therefore calculated as
[image: image3.wmf]}

,

,

{

1

N

D

D

K

=

D

, where 
[image: image4.wmf]0

S

i

S

i

D

-

=

is the differential CQI on sub-band
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, and 
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 is the CQI of the 
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-th sub-band.

· Neighbor CQI: The differential CQI of sub-band 
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is calculated with respect to its neighbor sub-band, e.g. 
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One of the key problems with neighbor CQI as reference is the error propagation and erroneous CQI reconstruction in the existence of CQI feedback error. This has been a well-known issue for any differential-based algorithms and is in particularly detrimental to frequency-selective CQI feedback, especially when the number of sub-band is large.
In this contribution, we compare the performance of differential feedback with different CQI feedback error rate, where the reference is either wideband CQI or neighbor CQI. System level simulation results demonstrate that neighbor CQI as reference suffers substantial performance loss due to error propagation, while wideband CQI is much more robust against CQI error by avoiding error propagation. As a consequence, the wideband CQI is recommended as the differential reference for eNB configured sub-band feedback.
2. CQI Feedback Methods

The UE uses the common reference signals (RS) in each sub-frame to estimate the DL channel and select the corresponding CQI on each sub-band of adjacent frequency sub-carriers. Each sub-band is assumed to consist of an integer number of 180-kHz RBs. A 2-RB sub-band and 5-RB sub-band size is assumed. As an example, we assume a 5-MHz system bandwidth for illustrative purposes. We focus on the rank-1 transmission. For higher rank transmissions with 2 codewords, the frequency-selective CQI of the second codeword can be compressed in the same manner.
2.1. Wideband CQI as the Reference
The differential CQI using wideband CQI as the reference is summarized as follows. 
1. Let 
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be CQIs to be fed back. First, a base/wideband CQI is computed from the vector S by taking the average.  
2. The differential CQIs 
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are calculated.
3. Each differential CQI 
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 is quantized with 
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bits and reported to eNB. Additionally, the wideband CQI
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 is fed back with 5 bits. 
4. The eNB reconstructs the CQI by adding the quantized differential CQI 
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 to the base/wideband CQI 
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2.2. Neighbor Sub-band as the Reference

The differential CQI is calculated with respect to the neighbor CQI. First, a starting sub-band must be selected to calculate the differential CQI. Despite its simplicity, this approach suffers from error propagation. For example, if the first differential CQI is received erroneously, the error will propagate to all the other sub-bands throughout the entire bandwidth. 
In our simulation, we use CQI of the middle sub-band as the starting reference, and sub-bands on the right (left) side of the reference sub-band are calculated independently. This minimizes the error propagation effect.

1. Let 
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be the UE estimated CQIs.
2. Let the middle sub-band 
[image: image19.wmf]ë

û

2

/

N

 be the starting sub-band, and 
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 be the reference.
3. The differential CQIs 
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4. Each differential CQI 
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 is quantized with 
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bits and reported to eNB. Additionally, 
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 is send to eNB with 5 bits. 
5. The eNB reconstructs the CQI by adding the quantized differential CQI 
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 to the base/wideband CQI 
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3. System-level Simulation Results

In this section, we present system level simulation results to evaluate the CQI feedback mechanisms of Section 2. 5 MHz system bandwidth with 2-RB sub-bands (12 CQIs) and 5-RB sub-bands (5 CQIS) is assumed. Other simulation assumptions are listed in Table A-1 in the Appendix. Simulation results are presented for two channel profiles: Pedestrian-A with low frequency selectivity and TU with high frequency selectivity for the UE speed of 3kph, 15kph, and 30kph. 
Figures 1 to 4 depict the average sector and 5% throughputs of the above schemes in the Ped-A and TU channels. The results are plotted against CQI BLER. Observe that:
· Using wideband CQI as the reference has substantially better throughput than using neighbor CQI as reference. For Ped-A channel, an average throughput gain of up to 15% can be achieved by using the wideband CQI as reference, compared to using neighbor CQI as reference. For TU channel which has more frequency selectivity, the throughput gain of 5% - 25% is achieved at UE speed of 5 – 30kph. 
· With wideband CQI as the reference, 2-RB sub-band size has a better overall throughput than 5-RB sub-band size. This is because with a smaller sub-band size and finer CQI granularity, CQI feedback information can more accurately report the channel condition and results in more effective frequency domain scheduling. With neighbor CQI as the reference, however, 2-RB sub-band size results in worse throughput compared to 5-RB sub-band size. This is because a finer CQI frequency granularity results in more sub-bands in the frequency domain, which as a consequence leads to more error propagation.
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FIGURE 1: Sector Throughput and 5 % Throughput for Ped-A Channel
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FIGURE 2: Sector Throughput and 5 % Throughput for TU Channel (3kph)
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FIGURE 3: Sector Throughput and 5 % Throughput for TU Channel (15kph)
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FIGURE 4: Sector Throughput and 5% Throughput for TU Channel (30kph)

4. Conclusions

In this contribution, we studied the eNB-configured sub-band CQI feedback with differential feedback schemes. System simulation results were presented to compare the two schemes where the differential reference is the wideband CQI or the neighbor sub-band CQI. It is demonstrated that using the wideband CQI as the reference provides much more robustness against error propagation and provides up to 5-20% better throughput over using the neighbor CQI as the reference. Therefore, we recommend the use the wideband CQI as the reference for differential CQI compression for E-UTRA.
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Appendix A

Table A-1 gives the system level simulation assumptions.

TABLE A-1: System Level Simulation Assumptions

	PARAMETER
	VALUES

	Channel profile
	Ped-A (3 kph), TU (3, 15, 30 kph)

	Number of sectors per cell
	3 sectors, with either two or four 120-degree antennas per sector

	Number of UEs per cell
	10 UEs

	Traffic Model
	Full-buffer

	Scheduler
	Proportional Fair

	Number of eNB antennas
	1

	Number of UE antennas
	2

	System Bandwidth
	5 MHz

	Resource Block Bandwidth
	180 kHz 

	Modulation Schemes
	QPSK r = 1/5, 1/4, 1/3, 2/5, ½, 3/5, 2/3, ¾ 

16QAM r = 2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6 

64QAM r = 3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6   

	TTI duration
	1.0 ms (14 OFDM symbols)

	CQI feedback delay
	4 TTIs

	CQI Feedback Error
	Modeled from link level simulation

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmissions
	3

	Scheduling Details
	MCS fixed across the scheduled bandwidth
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