3GPP TSG RAN WG1 51
                                            R1-074693
Jeju, Korea, 5 – 9 November, 2007
Source: 

Texas Instruments
Title:


UE-Selected Sub-band CQI Feedback for E-UTRA

Agenda Item:

6.4.5
Document for:
Discussion and Decision

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 [1]:
· 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 UE-selected sub-band feedback (i.e. best-M average) under different feedback settings. In particular, the following key parameters are studied:
· Number of selected sub-bands
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: The best-M CQI is derived by averaging over the CQI of the 
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 sub-bands. For a given channel delay profile, there should be an optimum value of
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. If 
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 is too small, the best-M average CQI represents a small group of sub-bands and may not well represent the channel condition. On the other hand, if 
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 is too large, averaging is performed over too many sub-bands and may result in less accurate CQI information. 

· Number of differential bits
[image: image7.wmf]d

: 
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bits are used to report the difference between the best-M average CQI and the reference wideband CQI. The differential CQI is expected to have a smaller dynamic range and therefore fewer bits could be used. 

· Disjoint vs. adjacent sub-band selection: The positions of the selected 
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 sub-bands can be reported with a compressed label (
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 bits) or a bitmap (N bits). The compressed labeling is a more efficient approach as the required number of bits is significantly smaller. The selected sub-bands can be restricted to be adjacent to one another (adjacent formation), or allowed to be scattered in the frequency domain (disjoint formation). With the compressed label, the adjacent formation reduces the feedback overhead at the cost of degraded system throughput as eNB has less freedom in choosing the best-M sub-bands. 
We find that 
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 offer the best performance without the adjacent formation constraint. In addition, we find that adaptively configuring M only improves the throughput by approximately 1% compared to the single M=3 approach.
2. CQI Feedback Method

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 size is assumed in accordance to the coherence bandwidth of the TU channel. We now outline several CQI compression schemes. 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 an analogous manner.
2.1. Single-M (disjoint sub-band)
This is the conventional best-M average scheme where the number of M is pre-defined and fixed. The 
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-bit average CQI across the best M sub-bands relative to the 5-bit wideband CQI is reported along with an indication of which sub-bands are the best. For disjoint sub-band formation, there is no restriction on the position of the selected sub-bands and they can be scattered in the frequency domain. With 12 CQIs in the frequency domain, the total number of feedback bits is 
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assuming a compressed labeling. If a bitmap is used, the feedback overhead becomes 
[image: image15.wmf]d

d

+

=

+

+

17

12

5

bits.  
2.2. Single-M (adjacent sub-band)

One additional constraint is to confine the 
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 sub-band to be adjacent to one another. Among the possible 
[image: image17.wmf]M

M

-

=

+

-

13

1

12

sets of continuous sub-bands, the set of sub-bands with the highest average CQI is chosen and fed back. Compared to disjoint formation, the adjacent formation requires fewer bits to represent the position of the selected sub-bands. The feedback overhead amounts to
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, where 
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 is the number of adjacent 
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 sub-bands. 
2.3. Multiple-M 
As discussed in Section I, the value of M has to be carefully chosen. Therefore, performance improvement may be obtained if M is adaptively configured. To select M, a pre-defined threshold is used on the difference between a particular sub-band CQI and the wideband CQI. Sub-bands with CQI lower than the maximum CQI minus the threshold are identified and allowed to be fed back. The mean of those CQIs is reported along with a label indicating whether the sub-bands are above or below the threshold. Suppose there are 
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 sub-bands with CQIs above the threshold. Then

· If
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 sub-bands is represented in 
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 bits, along with a wideband CQI. 

· If
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sub-bands is represented in 
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 bits, along with a wideband CQI. 

Hence, M is adaptively configured based on the channel. The feedback overhead is 
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 bits, where 
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 is the number of bits for reporting the selected sub-bands position.
3. System-level Simulation Results

In this section, we present system level simulation results to evaluate the CQI feedback mechanisms of Section 2. We assume 5 MHz system bandwidth with 2-RB sub-bands (12 CQIs). 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. Several CQI compression schemes are evaluated: 

1. Single-M w/ disjoint sub-band formation 
2. Single-M w/ adjacent sub-band formation 
3. Multiple-M
For 5-MHz system bandwidth, the overheads of the schemes for comparison are tabulated in Table 1.

TABLE 1: Parameters for simulation and feedback overhead
	CQI Compression Scheme
	Feedback overhead

	
	d=2
	d=3
	d=4

	Single-M
(disjoint sub-band)
	M=1
	11
	12
	13

	
	M=2
	14
	15
	16

	
	M=3
	15
	16
	17

	
	M=4
	16
	17
	18

	Single-M
(adjacent sub-band)
	M=1
	11
	12
	13

	
	M=2
	11
	12
	13

	
	M=3
	11
	12
	13

	
	M=4
	11
	12
	13

	Multiple-M  
	M=3
	17
	17
	17

	
	M=4
	18
	18
	18


Figures 4 to 7 depict the average sector and 5% throughputs of the above schemes in the Pedestrian A and TU channels. The results are plotted against the total number of CQI bits. Observe that:
· For single-M feedback, overall M = 3 has the best throughput performance. When M is too small (e.g., 1, 2), the average CQI contains channel information of only a few sub-bands and may not provide enough CQI information. On the other hand, when M becomes too large (e.g., 4), CQI averaging is performed over too many sub-bands and tends to reduce the CQI accuracy. Note that with different system bandwidth and sub-band size, other optimal value of M may exist.
· The use of 3 differential bits in general outperforms 2 or 4 bits differential bits. In RAN1 50bis, it was agreed that the number of entries in the CQI table for single transmit antenna is 32. As the differential CQI has a smaller dynamic range, 
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 provides sufficiently fine CQI granularity.
· For TU channel, adjacent sub-band selection has worse throughput performance than disjoint sub-band formation. Since TU channel has high frequency selectivity and the sub-band CQI over frequency domain may experience large variation, enforcing the best-M sub-bands to be adjacent reduces the eNB’s ability to efficiently exploiting the good sub-bands and degrades the effectiveness of frequency domain scheduling. For PedA channel which has low frequency selectivity, adjacent sub-band selection has similar performance with disjoint sub-band selection.
· The multiple-M approach only offers 1% throughput improvement over the single-M approach. 
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FIGURE 4: Sector Throughput and 5 % Throughput for Ped-A Channel
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FIGURE 5: Sector Throughput and 5 % Throughput for TU Channel (3kph)
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FIGURE 6: Sector Throughput and 5% Throughput for TU Channel (15kmph)
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FIGURE 7: Sector Throughput and 5% Throughput for TU Channel (30kmph)

4. Conclusions

In this contribution, the UE selected sub-band feedback is studied with different numbers of sub-bands M, differential bits d, as well as disjoint vs. adjacent sub-band selection. In addition, a multiple M scheme is studied where M is adaptively configured based on a threshold. It is demonstrated that
· For single-M average, M = 3 provides the best throughput performance, and d=3 differential bits in general have the best performance.

· Compared to disjoint sub-band selection, adjacent sub-band selection has significantly degraded throughput in frequency-selective TU channel. 
· The proposed multiple-M compression scheme improves the performance over single-M by 1% in terms of average throughput.
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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 scheduling bandwidth
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