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1. Introduction
In RAN1 #51bis the following was decided on MIMO CQI quantization [1]: 

· 3-bit spatial differential CQI for zero/small delay CDD, 

Spatial differential CQI = CW1 wideband CQI index – CW2 wideband CQI index

The set of exact offset levels is {-4, -3, -2, -1, 0, +1, +2, +3}

· Treatment of edge effects concerning on differential CQI (Differential CQI = CQI_index_1 – CQI_index_2) is FFS
It was also proposed by a number of companies [2] to use a similar spatial-differential quantization for frequency-selective CQI report on PUCCH.

In [3] we showed that the 4+3 spatial differential CQI has a small (1% – 2%) loss relative to a non-differential 4+4 quantization, and that a simple edge-treatment of the spatial differential CQI (folding-in of out-of-range points) can recover most of this loss. However, it was argued in the Sevilla meeting by several companies that this recovery of 1% – 2% is insignificant, and that, in addition, the baseline 4+3 scheme with no edge-treatment might have an advantage over the edge-treated scheme in the presence of uplink transmission errors because of the clear identity of the CQI1 MSB in the baseline 4+3 scheme.
In this contribution we show that:

1. The recovered losses with edge-treatment can grow up to 4% – 5% in the presence of TX antenna correlations. This is so because, as also shown by other companies [4], with antenna correlations the distribution of the differential CQI becomes wider.
2. The effect of CQI transmission errors with the agreed RM code [5] on the edge-treated scheme is similar to the effect on the baseline.
With regard to the second point, we show in a companion contribution [6] that a permutation of the CQI bits prior to their encoding by the RM code can achieve a small gain. Such a permutation achieves similar gains with both the baseline and edge-treated schemes.
2. Simulation Method
The received Common RS signal is simulated by LLS (cf. Table 1), and the effective SNR per CW is estimated for frequency bands of a given bandwidth for each subframe. Best Rank, PMI, and CQI(s) are computed for each band, based on the predicted Spectral Efficiency (SE) given a set of MCS levels: the 15 MCSs of the 4-bit CQI table of [1] for the SCW case, and the full 152 = 225 levels – as well as two reductions thereof – for the MCW case. We evaluated the impact of these two quantization schemes of the MCW CQIs – the baseline differential quantization and an edge-treated version of it – on the predicted SE, when (ideal) rank adaptation is deployed.
Table 1. Simulation setup 
	System bandwidth
	20 MHz

	Antenna configuration
	2x2

	Tx scheme
	Zero-delay CDD-precoding

(LTE’s 2Tx rank1 & rank2 precoding CBs)

	Channel model
	2x2 correlated ETU / EPA, with AWGN;
Correlation sets: TX = 0, 0.5, 0.75; RX = 0, 0.1  

	Mobile speed
	3 Km/h

	Channel & Noise estimation
	Ideal

	Receiver implementation
	LMMSE

	MCS levels
	SCW – as in [1]; MCW – baseline as in [1] for each CW, and differential dilution schemes 

	Frequency scheduling
(for CQI+PMI estimation)
	Bands of size: 4, 8, 50 contiguous PRBs 

	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 results presented below were produced using ideal channel and noise estimation; evaluations were performed also with practical channel and noise estimation, leading to similar conclusions regarding the comparison of the quantization schemes.
3. Results

The simulation results presented here show the relative SE loss of both the baseline differential 4+3 scheme and an “edge-treated” scheme, as compared to the (CQI1,CQI2) 4+4 reference. The edge-treated scheme is the simple “folded-in” option described in [3] (“Variation2” there). It is reproduced here for convenience in the appendix. The results in [3] were extended to include TX antenna correlations.
Figures 1a/b show the relative SE loss of the baseline and “folded-in” 4+3 schemes compared to the 4+4 reference, for EPA3 and ETU3 channels and for different channel correlations. 
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Figure 1a
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Figure 1b
Figure 2 shows the relative SE loss of the baseline and “folded-in” 4+3 schemes compared to 4+4 for tx-corr=0.75, as a function of the #RB’s in the reported band.
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Figure 2
Figure 3 shows the relative SE loss of the baseline and “folded-in” 4+3 version with and without CQI transmission errors, compared to (errorless) 4+4. The distribution of CQI errors was determined based on simulation with a RM(20,7) code (described in [6]), consistent with the agreed way forward in [5]. 
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Figure 3

For completeness, we show in Figure 4 the predicted spectral efficiencies of the baseline 4+4, baseline 4+3 and “folded-in” 4+3 version for the case of Tx correlation=0.5.
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Figure 4

4. Conclusions

In the case of correlated TX antennas gains of up to 4% – 5% in SE (equivalent to ~1dB) can be achieved by a simple edge-treatment of the baseline 4+3 differential format. These gains exist for both frequency-selective (narrow-band) and wideband CQI reports.
The degrading effect of CQI transmission errors with the agreed RM code [5] on the edge-treated CQI quantization scheme is similar to the effect on the baseline, and the relative SE gains of the edge-treatment with CQI errors are similar to those without errors.

Based on the results in this contribution, we recommend adopting the “folding-in edge-treatment”, described in the appendix, for all the CQI spatial differential formats. 
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6. Appendix
The proposed “folding-in” edge-treatment is shown in figure A1. The mapping of the 7 bits (CQI1, deltaCQI) values unto the valid (CQI1,CQI2) points can be defined as the following amendment (marked in boldface fonts below) to the baseline differential 4+3 definition:

Define a valid pair (CQI1, CQI2) as all the pairs that satisfy the following constraint:

 (1 <= CQI1 <= 15) AND (1 <= CQI2 <= 15)



AND

(-4 <= CQI1-CQI2 <= 3) OR (CQI1 > 7 AND CQI2 > 7)
Encoding:

Given a valid pair (CQI1,CQI2) as defined above, compute deltaCQI=CQI1-CQI2.

If deltaCQI is within the valid range (-4,-3,….+3), encode (CQI1, deltaCQI) in 4+3 bits
.

Else If deltaCQI > 3, encode (CQI1, deltaCQI-8) in 4+3 bits.

Else encode (CQI1-7, deltaCQI+8) in 4+3 bits.

Decoding:

Given CQI1 (range 1:15) and deltaCQI (range -4:3), compute CQI2=CQI1-deltaCQI.

Treat the 2 possible cases of out-of-range CQI2 as follows:

· if CQI2 > 15, subtract 8 from it 

· If CQI2 < 1 add 15 to it and also add 7 to CQI1. 
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Figure A1: edge-treatment to the 4+3 differential format by “folding-in”






� For deltaCQI, which takes signed values, we assume a 2's-complement binary representation
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