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1 Introduction
The features to be considered within the eFD-MIMO work item [1] include those supporting more efficient use of CSI-RS, more dynamic beamforming, (semi-)open loop operation, uplink DMRS operation, hybrid CSI feedback, additional antenna ports, and advanced CSI feedback.  Of these features, we think only the last two have high potential to provide substantial capacity enhancements.  Since the Rel-13 Class A codebook is structured to be straightforwardly extended to additional antenna ports, advanced CSI feedback will likely require more standardization effort to reach its full potential in Rel-14.  Consequently, advanced CSI feedback is both among the most promising and most challenging features in Rel-14 eFD-MIMO.
This contribution considers the potential of advanced CSI reporting schemes, investigating the relative need for richer CSI feedback and for improved link adaptation.  Initial system level simulations comparing Rel-13 codebook based operation to ideal link adaptation and CSI feedback are given, and some initial conclusions are drawn.
2 Advanced CSI Reporting Potential and Schemes
As the aperture of an antenna array grows, the ability to exploit rich structure in a MIMO channel increases.  Beams become narrower relative to the angle spread, and can be steered to track differences in fading, allowing spatial multiplexing among multipath rays. However, using only beam steering with simple unimodal, constant modulus antenna patterns is well known to have lower performance than schemes exploiting null placement and/or non-constant modulus array weights.  The latter schemes can use LTE’s implicit feedback framework, even if the precoding in the feedback’s codebook is not used to transmit PDSCH.  However, since Rel-10 to -13 DFT codebook based implicit feedback allows only approximate CSI knowledge, it becomes of increasing interest in larger arrays to determine if advanced CSI schemes can better reach the full potential of these larger arrays.

A wide variety of implicit and explicit schemes are possible, as was discussed in earlier releases [2].  Such schemes may use extensions of existing codebooks, report transmit channel or interference covariance, principal Eigen components of the covariance or channel matrix, analog coding of the channel or interference covariance, etc.  The further a scheme deviates from the LTE implicit framework, the higher standardization impact it is likely to have, for example requiring new uplink physical channels (or even new modulation schemes) to carry CSI feedback, new RAN4 testing methodologies, as well as higher UE complexity.  Therefore schemes deviating from the LTE implicit framework require extra justification beyond the normal complexity and performance considerations. 
Observations: 

· Advanced CSI reporting schemes are of increasing interest in Rel-14 given the large antenna arrays in eFD-MIMO.  

· High resolution CSI feedback allows better performance when beams are broadened due to angle spread.

· CSI feedback schemes deviating from the LTE implicit framework require extra justification beyond the normal complexity and performance considerations.

3 Performance Gains from Richer CSI and Better Link Adaptation
Improved performance from CSI reporting can come from better scheduling and link adaptation or richer CSI.  Richer CSI allows the UE to provide more detailed information about the channel state, which the network can then use to form more precise antenna beam patterns that better optimize SINR for the served and interfered UEs.  Better scheduling and link adaptation allows the network to select the best set of resources to allocate for the served UEs given the antenna patterns calculated using the CSI.
We compared the performance gains from richer CSI and from better scheduling/link adaptation by simulating a codebook with real link adaptation, a codebook with ideal link adaptation, and where non-codebook based reporting is used with a known channel and ideal link adaptation.  The gains from MU-MIMO over SU-MIMO in a 32 port setup in UMi, using 500 kB FTP traffic are shown in Table 1.  From the table, we can see that MU-MIMO has a modest 9% mean UPT gain over SU-MIMO in this scenario when a DFT codebook with real link adaptation is used.  Adding ideal scheduling and link adaptation results in a more respectable 20% mean UPT gain, but it should be noted that this is likely a loose upper bound on the link adaptation gains, since an impractical amount of feedback may be needed and interference conditions can vary quickly.  Adding ideal CSI with better precoding to ideal link adaptation results in a substantial 68% mean UPT gain, from which we conclude that richer CSI and better precoding can be substantially more beneficial than ideal link adaptation.  As discussed above, the likely reason for the greater importance of rich CSI is that  since the spatial overlap is typically significant between active users in a cell, and without successful interference suppression between co-scheduled UEs the potential MU-MIMO gains quickly drops even if the scheduler is perfectly aware of the crosstalk.
Table 1: Gains Bounds of MU-MIMO over SU-MIMO with Rich CSI and with Ideal Link Adaptation
	Channel Knowledge & Codebook
	Mean UPT Gain over SU-MIMO

	Known Channel
	68%

	DFT Codebook + Ideal Link Adaptation
	20%

	DFT Codebook + Real Link Adaptation
	9%


Observations:

· Large potential for gains from improved CSI knowledge
· Improved link adaptation (including awareness of MU interference) provides some gain.

4 Conclusion
This contribution has discussed the potential of advanced CSI reporting schemes, investigating the relative need for richer CSI feedback and for improved link adaptation.  Initial system level simulations comparing DFT codebook based operation to ideal link adaptation and CSI feedback were given, leading to the following observations and conclusions:
Observations:

· Advanced CSI reporting schemes are of increasing interest in Rel-14 given the large antenna arrays in eFD-MIMO.

· CSI feedback schemes deviating from the LTE implicit framework require extra justification beyond the normal complexity and performance considerations.
· Large potential for gains from improved CSI knowledge

· High resolution CSI feedback allows better performance when beams are broadened due to angle spread.

· Improved link adaptation (including awareness of MU interference) provides some gain.
Conclusions:
· Richer CSI feedback is essential in Rel-14 eFD-MIMO for the best SU/MU-MIMO performance 
· Alternatives include extensions of codebook and non-codebook based feedback schemes.

· Better link adaptation on its own is not enough.

· Schemes should build on LTE CSI feedback framework as much as possible

· Approaches that require completely new physical channels for feedback or testing paradigms require extra justification
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6 Appendix

	Simulation Parameters 

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	8x4 with 2x1 virt., UMi (130° tilt)

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi)

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  

Channel estimation error modeled.

	Codebook
	2D Grid of Beams based on DFT

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS


Substantial Gain from Rich CSI





Some Gain from Better Link Adaptation









