3GPP TSG RAN WG1 #52bis
                                       R1-081273
Shenzhen, March 31 – April 4, 2008              


Source: 

Marvell 
Title:
Edge treatment for spatial differential CQI format on PUCCH 

Agenda Item:

6.3.5
Document for:
Decision 
1. Introduction
In RAN1 #52 the following has been decided on frequency-selective MIMO CQI on PUCCH [1]:

· Agree on Option 2 of 754 with refinement (if needed) to be in line with the decisions on rank and CQI/PMI reports.

· FFS revert back to Option 1 if there is no coverage issue with option 1. 

This decidion is captured in the latest 36.213 [2] in the description of the CQI format on PUCCH, mode 2-1:
· A single CQI value 1 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding best subband L-bit label conditioned on the last reported wideband PMI and RI.

· If RI>1, an additional 3-bit spatial differential CQI represents the difference between CQI value 1 for codeword 1 and CQI value 2 for codeword 2 assuming the use of the most recently reported single precoding matrix in all subbands and transmission on set S subbands. 

I.e., In mode 2-1 the UE sends a WB CQI report in one subframe followed by a frequency-selective (FS) report in a subsequent subframe, and where the FS report consistes of 4-bits CQI of codeword 1 plus 3-bits of spatial delta-CQI of codeword2, and where this FS CQI is computed assuming the WB PMI reported in the previous subframe.
The definition of the 3-bit spatial delta-CQI format has been decided in RAN1 #51bis [3] as follows:

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
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 [4] we showed that the effect of CQI transmission errors with the agreed PUCCH block code 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.

In this contribution we recalculate the SE losses for the particular PUCCH mode 2-1 frequency selective CQI format, and show that:

1. The recovered losses with edge-treatment can grow up to 2% – 3% in the presence of  moderate TX antenna correlations and up to 8% – 10% in the presence of high 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.
2. Simulation Method
The received Common RS signal is simulated by LLS (cf. Table 1), and the CQI values per mode 2 of the CQI report over the PUCCH are computed based on the predicted Spectral Efficiency (SE) given a set of MCS levels: the 15 MCSs of the 4-bit CQI table of [2] 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
	96 RB’s

	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
	As in [2]

	PMI calculation
	Wideband 

	CQI calculation
	As in [2], CQI report on PUCCH mode 2-1: UE selects one subband of 8 RB’s out of 3 that are available in one bandwidth part. The reports cycles through 4 bandwidth parts.

	eNB Transmission scheduling
	eNB transmits to all 4 best subbands in the 4 bandwidth parts, using an EESM-average of the 4 CQI reports.

	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. 
In the following figures the top subplot shows the SE with all 3 quantization schemes (4+4, 4+3 baseline and “foldes” 4+3). The bottom-left shows the fraction of the CQI2 values that fall within the range of CQI1+delta, and the bottom-right shows the difference between the two 4+3 SE’s and the 4+4 SE.

Figures 1 a/b/c are for ETU3 and for TX antenna correlations ranging from 0 to 0.75. 
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Figure 1a
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Figure 1b
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Figure 1c

Figures 2a/b/c are for EPA3 and for TX antenna correlations 0.5 and 0.75. 
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Figure 2a
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Figure 2b

4. Conclusions

With no TX correlations we observe no loss in the baseline 4+3 scheme compared to 4+4. However, with TX correlation of 0.5, up to 2.5%  SE loss is observed compared to 4+4, out of which 1.5% can be recovered by a simple edge-treatment of the baseline 4+3 differential format. 
In [4] we showed that the effect of CQI transmission errors with the agreed PUCCH block code 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. 
The proposed “edge treatment” is very simple to implement and has no cost. Based on the gains shown 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








- 2/8 -

