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1 Introduction
At RAN#50 in Athens, it was decided that the PUSCH can be utilized for transmitting CQI, PMI and rank information from the UE to the NodeB [1]. Since the available signalling resources on PUSCH is potentially much larger than for the PUCCH resource, “full feedback” of detailed information for all resource blocks in a single subframe using PUSCH has been discussed. However, we believe that compression of feedback information is useful also for PUSCH feedback mode since overheads must always be kept to a minimum. A “full feedback” of two CQI and PMI plus rank indicator for the 10 MHz bandwidth imply roughly 165 uncoded information bits if a sub-band granularity of 2 and 5 RB is used for CQI and PMI respectively. With a compressed method, this number can be reduced to 32 bits with only a small performance loss. 

Compressing the overhead on PUSCH is particularly important at high loads where a congested uplink may, due to a shortage of frequency selective CQI and MIMO reports, degrade the performance and efficiency of the downlink transmission.  Furthermore, for cell edge users, a scheduled PUSCH physical resource is used more efficiently by lowering the code rate than the transmission of redundant and unutilized CQI information in the “full feedback” mode. 
It is shown in this contribution by system simulations that the CQI feedback information on PUSCH can be reduced 5-fold without any significant loss in cell or user throughput. We compared two proposed UE-controlled, periodic and multi-band-CQI feedback schemes with the full feedback periodic feedback scheme. UE-controlled means that the UE selects a subset of all subbands and indicates the selection to the eNB as opposed to a eNB controlled approach where the subbands selected for CQI feedback depends on some eNB parameter such as the subframe number.

The simulated schemes and its respective corresponding overhead per subframe and per UE for a 10 MHz system bandwidth were 
· Full feedback scheme (125 bits)

· Best-M-threshold scheme (35 bits)

· Best-5-average scheme (26 bits)

More details of these schemes can be found in the appendix. The difference between Best-M and Best-5 is that in the Best-M, the UE selects the number M and indicates which M subbands were selected using a 25 bit bitmap whereas in Best-5, a compressed label [3] of 16 bits is used to select 5 out of 25. Note that the Best-M and Best-5 schemes reduce the signalling overhead to a fraction of 20-30 % of the full feedback signalling overhead.
2 Simulation results
A system simulation was made to compare the schemes mentioned in the introduction. Detailed simulator assumptions are found in the appendix.
From Figure 1, we see a comparison of the cell throughput for 10 and 20 UE/cell. The full feedback mode has naturally the highest cell throughput but consumes a 4-5 times larger uplink signalling overhead. However, the loss of using the Best-M or Best-5 approaches compared to the full feedback is very small. 
At 20 UE/cell, each UE is scheduled only on its few best resource blocks due to scheduling competition, and the Best-5 method have an advantage over the Best-M-threshold method which always selects the M best bands within the threshold of X=5 dB of the best sub band [2].  
Figure 2 shows the corresponding cell edge throughput and it can be seen that selecting the subbands within 5 dB of the best subbands in the Best-M-threshold method leads to an over-reporting in the number of sub-bands. The UE is scheduled on fewer subbands than the average CQI report in feeds back, which leads to a loss compared to the Best-5-average method.
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Figure 1 Cell throughput at different cell loads
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Figure 2 Cell edge user throughput at different user loads
3 Conclusion
CQI feedback compression is important even when the scheduled CQI reports using PUSCH is used. The importance is especially pronounced at high loads where the uplink may be congested and/or for cell edge UEs which needs a low code rate for coverage. 
We have shown that the cell and user throughput loss compared to full feedback is very small when using the 5-fold compression method of Best-5-average. Compared to the Best-M-threshold method, the Best-5-average provide slightly better performance although the number of used bits is 25% fewer. 

It was showed that selecting the best 5 subbands gives good performance for the 10MHz  system bandwidth. For other bandwidths, the value of K is TBD.  
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5 Appendix

All three simulated feedback schemes use a sub band definition of 2 RB. The feedback report contain the following information:

· Full feedback: 5 bit CQI for each subband

· Best-M-threshold: 25 bit bitmap. 5 bit CQI for selected Best-M bands. 5 bit CQI for the non-selected 25-M bands.

· Best-5-average: 16 bit label. 5 bit CQI for selected Best-5 bands. 5 bit CQI for the non-selected 20 bands.

Simulator assumptions:

	Parameter description
	Value

	Cellular Layout
	Hexagonal grid, 19 Node Bs, 3 cells per Node Bs

	Inter-site distance
	500 m

	Carrier frequency
	2.0 GHz

	Bandwidth
	10 MHz (25 sub-bands)

	Link mapping / metric


	Link-level embedded in system simulator

	PDCCH overhead
	Not considered

	Interference modelling
	4 strongest interferers modelled with fast fading

	Node B
	Total available power
	40 W

	
	Power assigned to pilot/data
	4 W / 36W 

	
	Number of TX antennas 
	1

	
	Antenna gain plus cable loss
	14 dBi

	
	Antenna pattern
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	Propagation
	Path loss
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	Slow fading
	Standard deviation 
	8 dB

	
	
	Correlation between sites
	0.5

	
	Fast fading
	Typical urban 6-tap model, 10 km/h

	
	Penetration loss
	20 dB

	UE
	Thermal noise
	Power density -173.9 dBm/Hz in 10MHz

	
	UE noise figure
	9 dB

	
	Antenna pattern
	0 dBi

	
	Number of RX-antennas
	2 (RX diversity, MRC)

	
	Channel estimation
	Ideal 

	
	H-ARQ processing
	Chase combining

	
	Turbo decoder
	Max-log MAP with up to 8 iterations

	H-ARQ
	Traffic model
	Full queue 

	
	Number of processes
	6

	
	Time between retransmissions
	6 TTIs (6 ms)

	
	Maximum number of transmissions
	1 initial transmission + 3 re-transmissions

	Scheduler
	Transport formats
	MCS in the range 0.2 < MODrate x CODrate < 4.7 with 27 levels

	
	Traffic multiplexing, time
	TTI length 1 ms or 14 OFDM symbols

	
	User traffic multiplexing, frequency
	Localized subbands, 12 subcarriers wide

	
	Scheduler
	Proportionally Fair in time and frequency

	
	Effective SINR mapping function to concatenate CQI from different RBs
	Exponential (EESM)

	CQI
	BLER target
	10 %



	
	Delay from CQI-report to 1st transmission
	2 TTIs (2 ms)

	
	PUSCH CQI report interval
	Every 5 ms, periodically

	
	PUSCH CQI report granularity in frequency
	2 RB

	
	CQI estimation
	Zero mean i.i.d. Gaussian measurement error with 1 dB standard deviation in the decibel SINR domain for each sub band (24 sub-carriers).
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