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1 Introduction

In order to exploit frequency diversity by means of frequency domain scheduling in LTE, the eNodeB needs accurate channel state information for scheduling and link adaptation. Since the transmission bit rate in uplink is limited, not the full channel state information can be transmitted by each UE. Therefore different schemes for compression have been proposed and studied in previous contributions to 3GPP RAN1. RAN4 has sent a LS to RAN1 in which certain desirable features were defined. 

RAN1 has identified a way forward in [1] in which some structure for the CQI reports is defined.

In this document we give our view how the CQI report for selected sub-bands should be constructed to minimise the overhead while exploiting the frequency diversity of the channel.

2 Frequency Domain Compression

2.1 Structural considerations

As stated in [1], multi-band CQI reports are currently assumed to be within scope of the following:

·  “eNB-selected sub-bands reported in one PUSCH subframe”

· Includes the possibility to select all sub-bands.

· One value per codeword (or average over two codewords) is reported for each selected sub-band.

· Differential representation

·  “eNB-selected sub-bands reported using one or multiple PUCCH subframes”

· Includes the possibility to select all sub-bands.

· One value per codeword (or average over two codewords) is reported for each selected sub-band.

· Differential representation

· “UE-selected sub-bands over PUCCH or PUSCH”

· UE reports which sub-bands it has selected

· Differential representation is not precluded
· For selected sub-bands the following alternatives are considered for the report:

· One value per codeword (or average over two codewords) per selected sub-band 

· Average over all selected sub-bands

· Some additional information should also be possible to be reported. 

· Wideband CQI information, or

· Information for the other (not selected) bands (e.g. an average value).
Particularly with respect to the UE-selected sub-band reporting, a part of the uplink overhead will need to be occupied by a CQI index field to notify the eNB of the selection. This will be particularly costly if we assume that such a report should be possible to transmit via PUCCH, where the available number of feedback bits is assumed to be in the range of 10-20 bits, independent of the DL transmission bandwidth. For Best-M or threshold-based schemes, the size of the index field can be rather large relative to the whole CQI size.

Even if a frequency-selective sub-band report is transmitted via PUSCH, we should not lavish uplink capacity. Therefore we think that also in that case, some sort of compressed report should be possible. A full-bandwidth sub-band report over 25 subbands using differential representation would still require 80 information bits.

To have a unified approach independent of any compression scheme, we have prepared a block diagram with functional description in Figure 1. Of course, the functionality within these blocks may depend on control parameters etc.
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Figure 1. CQI related block structure diagram

Measurement block
· In this block the measurement of CQI values and determination of happens. An example for a configurable input parameter is the sub-band size or sub-band granularity in terms of PRB resolution for the measurement, as well as the overall measurement bandwidth.
Compression block

· This block is used to reduce the number of bits for the reporting compared to the output of the measurement block. This may include compression of an index field (if present), or differential representation of the CQI in the frequency domain against an average value, or choosing of reporting values according to a compression scheme criterion.

FEC for PUxCH and L1 mapping for PUxCH

· Details of these operations are assumed to have no direct influence on the measurement or compression except the payload size capability. 
2.2 Discussion on sub-band reporting compression methods

Compression is achieved by reporting only the CQI for the best M out of N sub-bands. This reduces the amount of bits required for the CQI values. Additional compression may be achieved by using differential reporting.

In case of a fixed or configured number of M, the index field to denote which sub-bands are selected is not required to be a bitmap with N elements, but can further be reduced. In case that M can be freely chosen by the UE, e.g. by a selection criterion like a threshold [3], we assume that a full bitmap of size N is required for the index field.

An approach to reduce the size of the index field is to exploit the frequency coherence of the radio channel by reporting the CQI for a continuous sub-band region in the vicinity of the best sub-band(s) like in [2]. This means that for each signalled sub-band in the index field more than one CQI value can be reported.

3  Simulation Scenario and Results

The case of selected sub-band CQI reporting should primarily be useful for cases where

· the UE is scheduled in localised transmission mode

· the channel coherence is sufficiently large so that the report is not outdated when it arrives

Of course, to exhibit a certain robustness the CQI reporting mechanism should be tolerant enough to support an acceptable performance if these conditions are not fully met. Therefore we show in the following section simulation results for various speeds from 3-15 km/h and for a Pedestrian and TU channel profile. 
We compare the following compression schemes:

· Best 5 Average + Wideband (WB)
· Best 5 Individual + WB
· Best within Threshold + WB
· Full feedback
· Wideband Average
The required amount of uplink resources is calculated based on these assumptions: 
· The downlink transmission bandwidth is 10 MHz

· A sub-band consists of two adjacent PRBs

· For Best 5 Average and Individual, 16 bits are used for the index field

· An absolute CQI value is transmitted using 5 bits, other CQI values use differential representation with 3 bits quantisation

· For the Best + Contiguous 2, one CQI for the best sub-band, one CQI for the region from sub-band (Best-1) to (Best+1), and one for the region from sub-band (Best-2) to (Best+2) is reported

· For the “+ WB” (=wideband) CQI information, a 3 bit differential value is used

· No PMI or Rank information is included in the reports

An overall summary of simulation conditions is given in the Annex.

In Figure 2 and Figure 3 we show simulation results comparing different report schemes for different UE velocities and channel models under the assumption that a CQI report is transmitted every 5 ms. From these we can observe that all examined compression schemes show an advantage over a wideband average feedback. Additionally, we can see that the loss of the compression schemes in some cases is only marginal. The throughput vs uplink overhead and the overall cost in terms of uplink overhead are shown in Figure 4 and Figure 5 respectively. From the latter we can see that for a given average uplink CQI data rate, e.g. around 2 kbps, a large CQI report such as Full Feedback or Best 5 Individual does not necessarily result in a high downlink sector throughput; a small delay spread channel such as the PeA is very beneficial to compression schemes based on averaged CQI over several sub-bands, with the additional benefit that the CQI measurement error effect is reduced by the inherent averaging compared to sub-band based feedback. This behaviour is in line with the observations expressed e.g. in [4].

We would like to note here some additional facts and considerations:

· When using Contiguous 2 or Best 5 Average reporting, we have a simple reporting scheme that consumes only limited uplink resources. However compared to other compression schemes the throughput result of the Best 5 Average is worst.

· The Best 5 Individual scheme can achieve a downlink throughput that comes close to the full feedback. However, the report size is larger than for other compression schemes.

· When the contiguous report is used, the performance for a channel exhibiting a rather large coherence is very good. Still in a channel with small coherence the sector throughput does not collapse. This scheme has also the nice property that it uses only a very small number of UL resources, so that it is a good candidate for PUCCH transmission in case of using e.g. 16-QAM or PUCCH subframe concatenation to increase the possible CQI message size.

[image: image2.emf]Velocity Comparison, PeA, 5 ms Interval

1,000

1,100

1,200

1,300

1,400

1,500

1,600

0 2 4 6 8 10 12 14 16

Velocity [km/h]

Sector Throughput [bits/s/Hz]

Best-M (5) Average FDIF

Best-M (5) Individual FDIF

Contiguous 2 FDIF

Full Feedback FDIF

Wideband Average


Figure 2. Sector Throughput vs. Velocity for PeA channel
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Figure 3. Sector Throughput vs. Velocity for TU channel
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Figure 4. CQI Message Size per Report dependent on Report Scheme
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Figure 5. Sector throughput vs CQI data rate
(Note: A dot in each line represent from right to left a feedback interval of 1 / 2 / 5 / 10 / 20 ms)

4 Conclusions and Proposal

We have discussed some CQI report schemes for selected sub-band reporting, and compared the performance and other characteristics.

A contiguous-region based reporting approach is able to maximize the downlink throughput in moderately coherent channels such as the Pedestrian, and supports other selective channel such as TU sufficiently without drastic losses. Furthermore it is attractive for its simplicity and UL capacity cost.

Therefore we feel that the contiguous-region based reporting approach achieves a good balance between the different requirements on CQI, thereby making it a strong candidate for selected sub-band CQI reports.
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Annex. Simulation conditions
Table 1. Simulation Parameters
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 7cell sites, 3 sectors per site, wrapped‑around

	Inter-site distance (ISD)
	500 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R in kilometres

	Lognormal Shadowing 
	As modelled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Allocation granularity
	360 kHz (24 subcarriers)

	Cyclic Prefix overhead
	7.1 % (short CP)

	Sub-frame / TTI duration
	1.0 ms

	Number of OFDM symbols per TTI
	14 (12 for data, 2 for pilots and control)

	Channel model
	Typical Urban (TU), Pedestrian

	UE deployment
	30 UEs per sector (uniform random spatial distribution over cells)

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Chase combining

	Hybrid ARQ round trip delay
	6 TTIs (6 ms)

	Max number of hybrid ARQ retransmissions
	8

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	46 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3-15 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Channel estimation
	Additive gaussian noise process with SINR-dependent standard deviation, averaging over 2 ms

	CQI feedback delay
	2 TTIs

	CQI subband size
	360 kHz (24 subcarriers)

	CQI Loss
	Off

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler
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