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1. Introduction
The CQI quantization scheme for the CQI best-M report on PUSCH (formats 2-0, 2-1 and 2-2) is specified in [1] as follows:
· The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits relative to its respective wideband CQI as defined by

· Differential CQI = best-M average index – wideband CQI index

· Possible differential CQI values are {+1, +2, +3, +4}

The differential values {+1, +2, +3, +4} have been chosen over an alternative set of values {0, +1, +1, +3} proposed in [2], because they have been claimed to better cover the differential-CQI range in frequency-selective channels.
Nonetheless, the {+1, +2, +3, +4} values pose a quantization problem for abundant cases where the best-M CQI is equal to the WB CQI, because they cannot be both quantized to the same value. For example, if both unquantized CQI’s are 15, the UE would be forced to report WB-CQI=14, deltaCQI=1. On the other extreme, if both WB-CQI and best-M CQI are zero (i.e., below the transmission range) the UE would be forced to report WB-CQI=0, deltaCQI=1, meaning that the eNB will be misled to transmit on the reported best-M. In between, when both unquantized WB-CQI and best-M CQI  happen to be equal, the UE will report a WB-CQI which is 1.7 dB below its unquntized value.
This abnormality is not a necessity: A simple “edge treatment” reassigns unused (WB-CQI, delta-CQI) points to missing delta-CQI=0 points, thus eliminating most of the quantization error in the case that  WB-CQI = best-M CQI.
In this contribution we calculate the SE losses in WB transmissions when the NB uses the WB-CQI reported in format 2-0/1/2 on PUSCH, and we show how a simple “edge treatment” recovers most of this loss.
2. Edge Treatment

One way to allow the WB-CQI to take the value “15” and for the best-M CQI to take the value “0” is to specify as follows: 

· If the desired quantized WB-CQI value is “15”, then the UE reports WB-CQI=15, delta-CQI=1, while the base station interprets this report to mean “bestM-CQI = WB-CQI = 15”. 

· If the desired quantized best-M CQI value is “0”, then the UE reports WB-CQI=0, delta-CQI=1, while the base station interprets this report to mean “bestM-CQI = WB-CQI = 0”.

A more general way of improving over the baseline differential scheme is to “fold in” the unused points (the blue asterisks in Figure 1) so that they represent desired points along the diagonal bestM-CQI = WB-CQI. One such folding-in mapping is illustrated in figure 1, where the blue asterisks are folded into a subset of the delta-CQI = 0 points. The encoding a (WB, best-M) CQI pair into the quantized points, and the reverse decoding, are described in the appendix.
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Figure 1: Edge treatment for the 4+2 {1,2,3,4} differential scheme
3. Simulations 
The received Common RS signal is simulated by LLS (cf. Table 1), and the CQI values per modes 2-0/1/2 of the CQI report over the PUSCH are computed based on the predicted Spectral Efficiency (SE) given 15 MCS levels.
Table 1. Simulation setup 
	System bandwidth
	10, 45, 60 and 96 RB’s

	Tx scheme
	SIMO

	Channel model
	1x2 uncorrelated ETU / EPA, with AWGN;

	Mobile speed
	3 Km/h

	Channel & Noise estimation
	Ideal

	Receiver implementation
	LMMSE

	PMI calculation
	Wideband 

	CQI calculation
	As in [2], CQI reports modes 2-0/1/2 on PUSCH

	eNB Transmission scheduling
	eNB transmits on all RB’s

	Effective SNR estimation method
	EESM averaging of per-stream SNRs of individual tones within the allocated band

	All other OFDM parameters
	Based on the latest 36.211


The simulation results show the relative SE loss of the baseline differential 4+2 scheme with differential values {1,2,3,4} with and without edge-treatment, as compared to the (CQI1,CQI2) 4+4 reference. The edge-treatment is described in the appendix. Also shown is the differential 4+2 scheme with differential values {0,1,2,3} (denoted by 4+2 0to3).
In the following figures the top subplot shows the SE with all quantization schemes. The bottom-left shows the fraction of the best-M CQI values that falls within the range of WB-CQI+delta, and the bottom-right shows the difference in SE between the 4+2 schemes and the 4+4.
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Figure 2: ETU and EPA, SIMO, 10 RB’s
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Figure 3: EPA, SIMO, 45,60 and 96 RB’s

4. Conclusions

The differential 4+2 quantization with delta values of {1,2,3,4} can lose from 1% to 10% in the SE of wideband transmissions. The loss depends on the channel and system bandwidth, e.g., with EPA channel and bandwidth of 45 RB’s the loss is 5%. The proposed “edge treatment” recovers more than half of this loss.

The proposed edge-treatment is very simple to implement. Based on the gains shown in this contribution we recommend adopting the proposd refinement to the differential scheme, described in the appendix, for all the PUSCH best-M CQI reports.
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6. Appendix
The folding-in mapping shown in figure 1 is obtained by the following mathematical transformations. 
Denote the unencoded CQI pair of WB-CQI and best-M CQI by (MCS1, MCS2), and the transmitted pair by (S,D), then:
Encoder:

Step 1:
Encode MCS1 and MCS2 into one of a “legal” (S,D) pairs, defined by:

0 ≤ S ≤ 15 & 1 ≤ D ≤ 4 & S+D ≤ 15  (this is the baseline differential-scheme constraint)



or 

MCS1 = MCS2 & MCS1 is one of the entries in table A1 
(these are the extra 10 folded-in points)
Step 2:
If(MCS1 = MCS2), (S,D) is given by table A1.
Decoder: 

If (S+D > 15)

      Use table A1 to obtain MCS1 from (S,D), and set MCS2=MCS1.
Else

      MCS1 = S;  MCS2 = S+D;

	MCS1
	S
	D

	0
	12
	4

	1
	13
	3

	4
	13
	4

	6
	14
	2

	7
	14
	3

	9
	14
	4

	10
	15
	1

	12
	15
	2

	13
	15
	3

	15
	15
	4


Table A1
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