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Discussion
1
Summary

This contribution presents an implicit feedback proposal to enable flexible trade-off between feedback accuracy and feedback overhead. This proposal is applicable to SU-MIMO, MU-MIMO and various homogeneous and heterogeneous CoMP applications. 
The proposal augments the current Rel-8 PMI based feedback and can also be used in conjunction with other codebook designs.
2
Background
RAN WG1 has agreed to study extensions to Rel-8 PMI feedback in support of SU-MIMO, MU-MIMO and CoMP.  It has been proposed in [1]-[10] that applications such as MU-MIMO or CoMP which rely on spatial nulling towards co-scheduled or other-cell UEs can benefit from more accurate feedback. It is also demonstrated in [11] that feedback accuracy for MU-MIMO applications must grow linearly with the SNR in dB if a fixed gap to capacity is to be maintained. 
Methods to achieve more accurate feedback have been discussed in [1]-[10].  As an alternative to these methods, we propose to augment Rel-8 codebooks with an un-quantized feedback of the delta between the codebook matrix indicated by the fed back PMI and the UE preferred precoding matrix, in a manner similar to that described in [12] and [13]. 

3  
Overview of the Proposal
The current Rel-8 feedback is codebook based where the PMI indexes what is in effect a quantized version of the UE’s preferred precoding matrix and thus introduces errors. The amount of throughput loss due to these errors depends in general on the accuracy of the codebook and on the application.   

Here, we propose that the UE augments Rel-8 PMI reports with the un-quantized delta between the codebook matrix indicated by the fed back PMI and the preferred precoding matrix.  The delta is transmitted as analog values directly mapped to the PUSCH/PUCCH.  The eNB decoding reliability of these analog values increases with increasing SNR, and thus this method inherently increases the accuracy of the combined feedback as SNR increases.  The reliability of the feedback can be improved by appropriate boosting (multiplying it by a certain gain to increase its power).  
The proposal also works with potential enhanced Rel-10 codebooks (e.g., differential codebooks, transformed codebooks or multiple description codebooks) since the proposal is not reliant on a specific codebook design.
The proposal is applicable to homogenous deployments, and also to HetNets where the SINR or interference level seen can be much higher and accurate spatial nulling is more crucial (such as CSG Femto, Pico deployments with cell biasing or in the Relay backhaul channel).
3
Detailed Description
The detailed description here is for Rank 1, but can be easily extended for Rank 2.  For each PMI report (to be sent on either PUCCH or PUSCH) the UE:
· Determines the best PMI in a given subband and denotes the codebook entry indexed by the PMI as ‘Q’.
· Computes its preferred rank-1 precoding vector and denotes it by ‘V’.   
· Computes a delta, denoted as ‘E’, between V and Q.  A suitable function for computing E is one that yields a signal with small norm when Q is close to V.  One example is an element-wise difference of the complex elements with V phase aligned with Q to generate.
· 
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· Feeds back the PMI as in Rel-8 and E by directly mapping the analog values to the PUCCH/PUSCH.
The eNB then reconstructs the precoding vector preferred by the UE by adding an estimated E to Q.
4
Simulation Results

As in [2], our initial focus is on the achievable sum throughput in a single point MU-MIMO simulation. We assume rank-1 feedback and regularized ZF at the eNB with one stream per UE.   The preferred precoding vector is based on the channel singular vectors.  PMI decoding at the eNB is assumed to be error free, but eNB decoding of the analog elements of E is simulated.  The analog E is fed back with each PMI report.
In these simulations E was calculated and mapped as is explained in section 3.
Similarly to [14] we assume a fixed per subcarrier SNR difference between the UL and DL 
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Other assumptions are:
	Parameter
	Value


	Channel
	SCM Urban Macro with 15 degrees angular spread

	Antenna Configuration 
	4 vertically polarized with 0.5λ spacing
2 cross polarized with 0.5λ spacing

	Number of co-scheduled UEs
	The algorithm tries to maximize the sum-throughput with up to 4 UEs with same SNR. Typically 2-3 UEs were co-scheduled

	User pairing
	Greedy

	UE receive combining
	MRC (interfering signals assumed unknown)

	Link adaptation
	Ideal post MU scheduling CQI known at eNB

	Feedback granularity and total delay (from measurement to application)
	4 RB, 5mS

	Channel Estimation
	Ideal

	Rate metric 
	Mutual information with 2dB bias to account for imperfections

	UL PMI feedback 
	Error free

	UL E feedback
	We model the eNB post antenna combining (using MRC ) channel as AWGN with various values of 
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, as well as with and without additional boosting on ‘E’. 


The following table summarizes the sum throughput gain of the proposed feedback algorithm relative to Rel-8 4 bit codebook for 4 closely spaced vertically polarized antennas. The first column shows the UL to DL SNR ratio and boosting level of ‘E’.  The first row with 
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, represents ideal detection of ‘E’ at the eNB.
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	5.6%
	8.0%
	13.3%
	20.6%
	23.6%
	23.5%

	Δ = 0, 

no boosting of E
	-7.7%
	0.8%
	8.3%
	16.7%
	21.2%
	22.4%

	Δ = 0, 

3 dB boosting of E
	-1.9%
	4.1%
	10.7%
	18.6%
	22.3%
	22.9%


The following table shows similar trend for two closely spaced cross-polarized antennas:

	
	DL SNR [dB]
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	12.2%    
	11.5%
	17.9%
	23.5%
	25.6%
	23.7%

	Δ = 0, 

no boosting of E
	-1.1%
	5.7%
	13.7%
	20.6%
	23.9%
	22.8%

	Δ = 0, 

3 dB boosting of E
	4.8%       
	8.5%
	15.7%
	22%
	24.7%
	23.3%


The effect of Doppler is seen at the high SNR where gains do not increase as much going from 20dB to 25dB.

Different HetNet scenarios may have lower mobility and lower delay spread (Femto, Pico and Relay backhaul channel) and can gain more from accurate feedback. 
5 
Conclusions and Recommendations

We have shown that a simple augmentation of Rel-8 PMI can provide improved CSI feedback accuracy, which in turn enables significantly higher downlink throughput.

We have illustrated a representative implementation approach; further improvements are possible.
We recommend that  RAN1 consider candidate solutions for improved PMI feedback based on hyprid feedback composed of digitized Rel8 codebook representation plus corrections represented by analog transmissions directly mapped to the PUSCH/PUCCH.
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