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1. Introduction

At the previous RAN1#62 meeting in Madrid, a way forward on aperiodic PUSCH CQI modes in Rel. 10 downlink MIMO transmission was reached regarding the following points [1]. 
· Natural extension of Rel. 8 aperiodic PUSCH CQI modes are supported in Rel. 10 (see table)
· FFS support of PUSCH Mode 3-2 with subband PMI + subband CQI targeting feedback accuracy improvements for MU/SU in Rel. 10.
· PUSCH reporting is self-contained where W1 and W2 are always reported in the same subframe.

· For 2/4Txs, W1 (identity matrix) is not reported.
	CQI/PMI mode 
	CQI 
	W1 
	W2 

	1-2 
	Wideband CQI for entire system BW 
	Single W1: One for the entire system BW (wideband) 
	Subband PMI W2 

	2-2 
	Wideband CQI for the entire system BW + “M-preferred” CQI (for UE-selected bands) 
	
	Wideband PMI W2 + “M-preferred” PMI W2 (for UE-selected sub-bands) 

	3-1 
	Subband CQI 
	
	Wideband PMI W2 


· The possibility of reporting multiple CQI and if possible PMI/RI (for example one targeting SU-MIMO and the other targeting MU-MIMO), and the frequency granularity of the additional CQI (and if possible PMI/RI) are FFS.

· FFS whether Mode 2-2 is finally supported depending on agreements / details of Mode 3-2

· i.e., Mode 2-2 and/or Mode 3-2 may finally be supported.
Based on the agreed way forward, this contribution explains our current views on CSI feedback signaling on the PUSCH.

2. Views on Aperiodic Feedback Over PUSCH

One of the remaining issues is whether or not Mode 3-2, namely higher-layer configured subband PMI + subband CQI, should be supported. In short, taking into account the limited timeline before the Rel. 10 specifications are frozen, we believe that we should reuse the Rel. 8 CSI feedback framework as much as possible even for Rel. 10 feedback to reduce the burden of specification effort. Therefore, Mode 3-2 should be considered with a lower priority. At least for 4Tx antennas with a narrow antenna spacing of a half wavelength, Mode 3-2 (subband W2 feedback) provides negligible additional performance gains as compared to Mode 3-1 (wideband W2 feedback) although the feedback overhead is significantly increased [2].
The observations in [2] may change in other scenarios or under different assumptions and if sufficient gain is observed, then Mode 3-2 could still be considered. For instance, a wider antenna spacing or timing misalignment between antenna elements [3] could be considered. The results in [2] were obtained by assuming perfect timing alignment. We believe that timing alignment can be achieved by proper RF calibration, which could be achieved at some hardware cost. On the other hand, Mode 3-2 might compensate for such effects of timing misalignment, if RF calibration is not accurately performed. This however requires standardization efforts and will result in significant feedback overhead.
Considering that the DFT components in the codebook play an important role in obtaining the intended array gains in correlated channels, sufficient timing alignment among antenna elements seems to be a prerequisite. Although the agreed double codebook structure for Rel. 10 allows for adjustments of wideband precoder weights W1 by applying W2 in a subband level that might have certain advantages over the Rel. 8 single codebook, the effectiveness might still be limited since the role of W2 in a lower rank is only beam selection and co-phasing. Nevertheless, it would still be worth considering a performance evaluation in such non-calibrated systems, if Mode 3-2 should be considered for Rel. 10.

Considering the above, we believe that Mode 3-2 should be basically considered with a lower priority. At least from our evaluations of the double codebook structure for 4Tx antennas in [2], we observed only negligible additional performance gains using Mode 3-2 as compared to Mode 3-1 where we assumed a narrow antenna spacing and perfect timing alignment among antenna elements. Mode 3-2 could still be considered, if sufficient gain over Mode 3-1 is shown. Timing misalignment may be considered to evaluate the necessity of Mode 3-2, but sufficient timing alignment may be required anyway to make DFT beams sufficiently effective. Finally, different kinds of costs for RF calibration and for additional signaling overhead of Mode 3-2 should be discussed in order to consider Mode 3-2 for Rel. 10.
3. Conclusions

This contribution provided our current views on aperiodic PMI/CQI/RI reporting of a double codebook structure on the PUSCH in Rel. 10. Our current views are given below. 

· Baseline modes are extensions of Rel. 8 Modes 1-2, 2-2, and 3-1 as agreed in [1].

· New Mode 3-2 of higher-layer configured subband W2 and subband CQI should be considered with a lower priority.
· Mode 3-2 provides negligible additional performance gains compared to Mode 3-1 at least for the 4Tx antennas with a narrow antenna spacing assuming perfect timing alignment among antennas although the feedback overhead is significantly increased [2].
· Mode 3-2 could still be considered if sufficient gains over Mode 3-1 are shown in realistic scenarios. The impact of timing misalignment among antennas may be discussed taking into account different kinds of costs for Mode 3-2 (feedback overhead) and for RF calibration (hardware requirement).
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