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1 Introduction
LTE-Advanced has set the requirements of improved downlink system performance, besides the support of wider bandwidth and spectrum aggregation [1]. Closed-loop MIMO transmission mode will continue to be a critical technique to achieve high sector and cell edge spectrum efficiency requirements set for LTE-Advanced. 
To improve the downlink system performance, CQI/PMI reporting modes as specified in TS 36.213 v8.5.0 [2] can be further enhanced, as described in [3]. During the discussions in RAN1 #55 MIMO ad hoc session, the significant gains in sector and cell edge user throughput performance based on the modified PUSCH reporting Mode 2-2 were acknowledged. However, it was felt that the timing was a bit late for the proposed changes to the standard, despite that the proposal was first submitted to RAN1 #53bis meeting in June 2008 [4].
As we work towards a LTE-Advanced standard with higher sector and user throughput requirements, we should consider the proposed enhancement to the CQI/PMI reporting mode to allow subband CQI/PMI reporting. Simulation results have showed gains of 10.43% and 15.66% in sector throughput and cell edge user throughput respectively, as compared to the current PUSCH reporting mode 2-2.
2 Subband PMI reporting

In the latest version of TS 36.213 [2], there are only 2 reporting modes in which subband PMI reporting are supported for PUSCH. These are Mode 1-2 and 2-2. In Mode 1-2, a wideband CQI together with a precoding matrix for each of the subbands is reported. In contrast, for Mode 2-2, a single precoding matrix and a CQI per codeword for the M selected subbands are reported, in addition to the wideband CQI and PMI, which are computed across the set S subband, where S=full band as decided in RAN1 #53.  
The feedback of one CQI and one PMI for all M selected subbands in Mode 2-2 is suboptimal because:

· Precoding matrix can be frequency selective, which is the reason that one PMI per subband feedback in Mode 1-2 is supported;

· The M selected subbands may not be contiguous, so the use of one precoding matrix for M selected subbands can degrade the system performance;

· Not exploiting multi-user diversity gain sufficiently as the CQI report is the same for all M subbands, i.e., frequency selectivity of the M subbands not captured in the feedback

· Link adaptation is not optimized for the scheduled subband, as the MCS selection is based on the average over M selected subbands.

3 Enhanced PUSCH reporting Mode 2-2

After the original PUSCH reporting Mode 3-2 in TS 36.213 v8.2.0 that supports CQI/PMI report for each subband has been removed, none of the other modes is able to capture the frequency selectivity in CQI and PMI simultaneously for any subband.
In order to capture the frequency selectivity of the channel to exploit multi-user diversity gain and apply the best precoding matrix for a selected subband, some modifications to the current PUSCH reporting mode 2-2 can be made as shown in Section 5. With these changes, the CQI and PMI for each of the UE selected M subbands can be reported. Thus, the eNodeB scheduler would be able to select the user with the highest priority for transmission in each of the subbands, using the reported (best) precoding matrix for that subband, and assigning a MCS level according to the computed CQI for that subband. 
4 System-Level Simulation

Some system level simulations based on 3GPP evaluation methodology have been performed to evaluate the performance gain of the proposed changes to the current Mode 2-2 reporting mode on PUSCH.
4.1 Assumptions

The simulated system parameters are shown in Table 1, while the assumptions for the simulation can be found as shown in Table 2. 

Table 1
System Parameters Simulated

	Parameter
	Value

	Transmission Bandwidth
	10 MHz

	Sub-Carrier Spacing
	15 KHz

	FFT size
	1024

	Number of Occupied Sub-carriers
	601 (Include DC sub-carrier)

	CP Duration (sample)
	73 for all OFDM symbols

	TTI  Duration
	1 ms

	Number of DC Sub-Carrier
	1

	Number of Useful Sub-Carriers
	600

	Number of Symbols per RB per TTI
	14

	Number of Sub-carriers per RB
	12

	Number of Data Sub-Carriers per RB
	132

	Number of Pilot + Control Sub-Carriers per RB
	36


Table 2 Simulation assumptions

	Parameter
	Value

	Number of cells (3 sectored)
	19

	BS-to-BS distance
	500m

	Minimum eNB and UE distance
	35m

	BS Transmission Power
	46 dBm 

	Shadowing
	8 dB

	Base Station Shadow Correlation
	0.5

	Pathloss
	128.1+37.6*log10(d), d is in unit of km

	Antenna Pattern
	70 degree (-3dB) with 20 dB front-to-back ratio

	Thermal Noise Density
	-174 dBm/Hz

	eNB Noise Figure
	5 dB

	eNB Maximum SINR
	30 dB

	eNB Antenna Gain
	14 dB

	UE Antenna Gain
	0 dB

	UE Other Loss
	10 dB

	Penetration Loss
	20 dB

	Channel model – PDP
	TU-6

	Channel estimation
	Ideal


4.2 Performance results

The average sector throughput and cell edge (5 percentile) user throughput are summarized as shown in Table 3. The simulation results show that the proposed change to enable CQI/PMI feedback per subband may achieve a gain of 10.43% in average sector throughput, and 15.66% in cell edge user throughput. 
Table 3
Summary of performance results

	Mode
	Average Sector Throughput (Mbps)
	Cell edge user throughput (Mbps)

	Mode 2-2

(TS 36.213 v8.5.0)
	19.28
	0.83

	Enhanced Mode 2-2

CQI / PMI reporting per subband
	21.29
	0.96

	Percentage gain over Mode 2-2
	10.43%
	15.66%


5 Proposed CR on the text changes for TS 36.213
The proposed corrections to TS 36.213 are shown as follows. 
7.2.1
Aperiodic CQI/PMI/RI Reporting using PUSCH

…
· Enhanced Mode 2-2 description:

· The UE shall perform joint selection of the set of M preferred subbands of size k within the set of subbands S and a preferred precoding matrix selected from the codebook subset that is preferred to be used for transmission over each of the M selected subbands.

· The UE shall report one CQI value per codeword reflecting transmission only over each of the selected M preferred best subbands and using the selected precoding matrix in each of the M subbands.  

· The UE shall also report the selected precoding matrix preferred for each of the M selected subbands.
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands
· A UE shall report a wideband CQI value per codeword which is calculated assuming the use of the single precoding matrix in all subbands and transmission on set S subbands
· A UE shall also report the selected single precoding matrix indicator for all set S subbands.
6 Conclusions

Simulation results have shown that the system performance for closed-loop MIMO transmission mode can be significantly improved through a minor modification to the CQI/PMI reporting modes. 

The CQI/PMI feedback modes as supported by the current TS 36.213 [1] are not optimized for the frequency selective channels, especially considering the wider transmission bandwidth in LTE-Advanced. 
As proposed in this contribution, the enhanced PUSCH reporting Mode 2-2 allows the frequency selectivity of the channel and precoding matrix to be captured through the CQI/PMI reporting for each selected subband. 
Enhancements to CQI/PMI reporting modes are necessary to achieve LTE-Advanced requirements.
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