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1
Introduction
In RAN1#62 several important decisions were made regarding the CSI feedback for LTE Release 10.  In this contribution we discuss our views on the aperiodic PUSCH feedback reporting modes and focus on comparing Modes 2-2 and 3-2 that were outlined in the agreed way-forward of the last meeting [1].  Specifically, we propose that Mode 3-2 be adopted as it shows performance benefits over Mode 2-2 and is better tailored to MU-MIMO operation which is the primary objective of the improved CQI/PMI feedback. 

In companion contributions, we present details on the PUCCH feedback design [2] as well as a unified feedback proposal for enhanced PMI/CQI feedback [3]. 

2
Details of the LTE-A PUSCH design
The agreed way-forward of the last meeting left open whether the existing Mode 2-2 (or a straightforward extension thereof) and/or a new Mode 3-2 should be supported for PUSCH feedback.  In principle both modes target improved subband PMI/CQI feedback that foremost benefits MU-MIMO operation.  In this contribution we compare both proposals and show through system evaluations that Mode 3-2 possesses significant benefits over Mode 2-2.  While some of these performance benefits are due to increased payload, a portion of the gains can be attributed to departing from the principle of UE-selected feedback, which is not well-suited for MU-MIMO transmission schemes. 
The concept of UE-based feedback subband selection has been introduced in LTE Rel-8 since it helps improve SU-MIMO operation.  Clearly, the concept aims at preferably feeding back the best subbands from the UE’s perspective, presuming that the eNodeB will indeed be able to schedule the UE on these resources.  However, as a result of the increased focus on dynamic SU-/MU-MIMO operation in Rel-10, this concept has lost in value, since UE-selection actually complicates the important task of UE-pairing at the scheduler.  Supported by the system evaluations presented later in this contribution, we therefore propose to support Mode 3-2, which feeds back the PMI/CQI for all subbands but at a reduced granularity of, e.g.,  6RBs. 
Table 1: Comparison of reporting payloads for PUSCH feedback Modes 2-2 and 3-2.
	Reporting payload
	2 or 4 Tx Antennas
	8 Tx Antennas

	
	Mode 2-2
	Mode 3-2
	Mode 2-2
	Mode 3-2

	Wideband PMI W1
	N/A
	N/A
	4 bits
	4 bits

	Wideband PMI W2
	4 bits
	N/A
	4 bits
	N/A

	Wideband CQI
	4+4 = 8 bits
	4+4 = 8 bits
	4+4 = 8 bits
	4+4 = 8 bits

	Subband PMI W2
	4 bits
	9 · 4 = 36 bits
(9 subbands)
	4 bits
	9 · 4 = 36 bits
(9 subbands)

	Subband CQI
	2+2 = 4 bits
	9 · (2 + 2) = 36 bits
(9 subbands)
	2+2 = 4 bits
	9 · (2 + 2) = 36 bits
(9 subbands)

	Index
	13 bits
	N/A
	13 bits
	N/A

	Total
	33 bits
	80 bits
	37 bits
	84 bits


3 
System Performance Evaluations
System evaluations have been carried out to compare the performance of Modes 2-2 and 3-2 as summarized in Table 1.  Simulation assumptions are shown in Section 3.1 and a discussion of the results is provided in Section 3.2.  

3.1
Simulation Assumptions

The simulation assumptions are consistent with the agreed framework in [5]. Other simulation assumptions are listed in Table 2 below. We would like to note that Mode 2-2 was simulated by assuming that a total of five subband PMI/CQI reports can be fed back as opposed to selecting a set of five preferred subbands and feeding back just one PMI/CQI report for those resources [4].  Clearly, the results presented here should therefore be viewed as an upper performance bound on Mode 2-2. 
Table 2: Table of simulation assumptions.

	Parameter
	Value

	Transmission Bandwidth
	10 MHz

	Channel Model
	3GPP Case 1, SCM-E High Spread

	Antenna configuration
	ULA, 0.5λ, vertically polarized

	Number of UEs per cell
	10

	Number of Tx antennas
	4

	Number of Rx antennas
	2

	Receiver Type
	Linear MMSE modeled

	Channel estimation
	Non-ideal

	Allocation Size 
	Adaptive

	Rank selection
	Adaptive

	CQI/Precoding feedback period
	2 or 5 ms

	Feedback subband size
	3 RBs for Mode 2-2 (cf. [4])
6 RBs for Mode 3-2

	Feedback error
	Not modeled

	Frequency sensitive scheduling
	Yes

	Scheduling fairness
	Proportional fair

	Interference Estimation
	No interference covariance knowledge is assumed

	HARQ target
	10% BLER after 1st transmission

	Maximum number of retransmissions
	4


3.2 
Discussion of the Simulation Results
Simulation results comparing Mode 2-2 and Mode 3-2 are provided in Table 3.  It can be seen that while performance gains for SU-MIMO are modest and lie in the order of 1%, significant performance gains of 3-4% are achieved in MU-MIMO operation.  We would like to note that these performance gains are achieved compared to an optimistic modeling of Mode 2-2 in which the preferred subband PMI/CQIs are fed back on a per subband basis as opposed to selecting a single PMI/CQI over the preferred subbands.  In practice we would therefore expect even higher gains with Mode 3-2. 
Table 3: Simulation results.

	Reporting method
	Reporting period [ms]
	SU-MIMO
	MU-MIMO

	
	
	Average cell spectral efficiency [bps/Hz]
	Cell-edge UE spectral efficiency [bps/Hz]
	Average cell spectral efficiency [bps/Hz]
	Cell-edge UE spectral efficiency [bps/Hz]

	Mode 2-2
	2
	2.865
	0.1201
	2.983
	0.1121

	Mode 3-2
	
	2.876
	+0.3%
	0.1177
	-2%
	3.076
	+3%
	0.1145
	+2%

	Mode 2-2
	5
	2.801
	0.1172
	2.908
	0.1081


	Mode 3-2
	
	2.811
	+0.4%
	0.1152
	-2%
	3.003
	+3%
	0.1111
	+3%


4 
Conclusions

In this contribution we compare PUSCH feedback Modes 2-2 and 3-2, which are currently being discussed for Rel-10 feedback reporting.  
System evaluations of both candidate schemes demonstrate that Mode 3-2 achieves gains of approximately 3-4% compared to Mode 2-2 in MU-MIMO operation. Although the increase in feedback overhead is significant, the current simulations actually modelled a higher overhead with Mode 2-2. 
Moreover the simulation results show the limitations of UE-selected feedback reporting in an MU-MIMO setting, which makes Mode 3-2 a more future proof design. 
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