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1 Introduction
In the RAN1 #59, two way forwards on UE feedback were proposed.   In [1], Rel-8 type of implicit feedback is proposed with possible MU extension.  In [2], explicit feedback of spatial channel information is proposed.  Exact content and forms of feedback is FFS.   In order to see if how much gain, if any, can be obtained with explicit feedback, we study the performance of MU-MIMO with implicit feedback and explicit feedback schemes under 4Tx ULA scenarios.  
We are going to study this under low and medium correlated channel environment in this contribution.  Unlike correlated channel environment, we can’t rely on long-term channel information in low correlated environment.  Feeding back CSI with limited resources in such environment is often more challenging.   The problem becomes even tougher for MU-MIMO transmission which needs higher accuracy on channel information to have a better control on MU interference.   Here we did some studies to see the performance difference between explicit feedback and implicit feedback.
2 Simulation Setup

Simulations were performed to compare the performance between implicit and explicit feedback.  The following are the common settings for both implicit and explicit feedback.
· SU/MU dynamic switching is supported.   MU rank adaptation between rank-1 and rank-2 is also supported.  This dynamic adaptation is done based on the maximum weighted throughput (PF) criteria according to different predicted MU CQIs corresponding to each case.
· Number of co-scheduled UEs is 2.  Those 2UEs are dropped with the same geometry.  The maximum number of layers per UE is 2.  
· SU rank is decided at UE.  Depending on the rank, UE feeds back rank-1 PMI or rank-2 PMI for implicit feedback.  For explicit feedback, UE feeds back one eigenmode or two eigenmodes according to the rank. 

· Signal-to-leakage-and-noise ratio (SLNR) criterion is used to determine the precoders in MU-MIMO. In the case of two-user MIMO, the precoders for User 1 and User 2 can be calculated as
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        Note that H1 and H2 are re-constructed at eNB based on the reported PMI if codebook is used.   

· Chordal distance threshold is used to avoid pairing two UEs with channels correlated with each other.   This also can reduce the computation of comparing all the combinations.  
More simulation assumptions can be found in appendix.  Particular setup for implicit feedback and explicit feedback is discussed in next sub-sections.

2.1 Implicit feedback
Rel-8 type of feedback is used for implicit feedback.   Rel-8 type of PMI is reported.  SU CQI is determined at UE assuming a hypothetical transmission corresponding to the PMI.   We have the following consideration for implicit feedback:
· Codebook
· The only enhancement done for implicit feedback comparing with the Rel-8 feedback is the codebook size of codebook.  According to the studies done in [3], a 6-bit codebook is a good choice.  So simulations were done with a 4-bit Rel-8 codebook and with a 6-bit codebook.  Note that the 6-bit rank-1 codebook includes all the codewords of the Rel-8 codebook.  Extension is done to increase the granularity using Grassmannian codebook.  
· For 4-bit rank-2 codebook, Rel-8 rank-2 codebook is used.  For 6-bit rank-2 codebook, it is based on Grassmannian codebook.  The feedback is done in the same fashion as Rel-8 (i.e. a rank-2 PMI is corresponding to a matrix).
· MU CQI calculation 
· SU CQI is fed back from UE.  MU CQI is calculated based on the following equation:
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k is a power offset due to power allocation depending on the total number of layers in a MU transmission.  e.g. k=3dB if two rank-1 UEs are paired up to do MU transmission.  n is a heuristic backoff factor depending on the UE geometry.  OLLA_Offset is a CQI adjustment factor based on ACK/NACK.  We observed that this MCS determination approach performs similarly comparing with other approaches for implicit feedback discussed in [4], [5].  
2.2 Explicit feedback
We consider two types of explicit feedback here: Floating point transmit covariance R and eigen-vector based quantization.  Note that floating point R feedback is not practical and is used only for reference.  We have the following consideration for implicit feedback:

· Codebook
· For floating R feedback, codebook is not needed.  For eigen-vector based feedback,  eigen-vector is quantized based on a codebook.  The same 6-bit rank-1 codebook is used in this case. 
· For rank 2 case, orthogonalization is done to choose the second eigenmode among the possible choices as described in [6].
· MU CQI calculation 
· MU CQI is calculated based on the following equation:


[image: image3.wmf]n

Offset

OLLA

N

CQI

dB

dB

o

F

H

F

H

F

H

dB

UE

MU

-

-

+

=

)

(

)

(

1

1

1

2

2

1

2

1

1

)

(

1

,

_

||

||

||

||

||

||

F

R

F

F

R

F

F

R

F

1

1


where n is a heuristic backoff factor depending on the UE geometry.  OLLA_Offset is a CQI adjustment factor based on ACK/NACK.  
When eigen-feedback is used, transmit covariance R is re-constructed based on the fed-back eigen-vectors.
3 Simulation Results
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Figure 1 MU-MIMO Performance of different feedback schemes under UMa 4x2 with 0.5( tx spacing 
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Figure 2 MU-MIMO Performance of different feedback schemes under UMi 4x2 with 4( tx spacing 

· Figure 1 shows the MU performance of different feedback schemes in medium to high correlated environment (UMa with 0.5( tx spacing).   Figure 2 shows the performance in low correlated environment (UMi with 4( tx spacing).  In more correlated environment, rank-1 happens most of the time.  In this case, the difference between explicit feedback and implicit feedback is not significant.   As it moves to high SNR, the performance gap is getting larger as more rank-2 happens.  For UMi, rank-2 happens in even low and medium SNR.  Hence overall the performance gap between explicit and implicit feedback is larger in most of SNR region comparing with the UMa scenario.   We have the following observations:

· It should be noted that results with dotted lines are reference for explicit feedback and implicit feedback.  Although there is significant gap between floating R and other schemes especially in low correlated environment, feeding back floating R is not practical.  
· Rel-8 codebook is a baseline for our studies.   Increasing codebook size from Rel-8’s 4-bit to 6-bit seems to be a good choice to provide better accuracy regardless it is explicit or implicit feedback.  This also aligns with various studies [3].  

· Now we compare explicit feedback and implicit feedback with a 6-bit codebook (i.e. solid lines).   Note that explicit feedback provides better accuracy in rank-2 quantization as 6-bit is used for each eigenmode.   Higher accuracy can help SU rank-2 transmission alone.  For MU-MIMO, higher accuracy can help pairing up UEs and suppress interference more precisely.   Although high order MU (e.g. rank-2 UEs pair) is not often even in UMi environment, higher accuracy on rank-2 channel can help on pairing up 2 UEs each with one stream.   In ULA environment, the first eigenmode is usually much stronger than the second one.  Therefore, doing MU with 2 rank-1 UEs can outperform doing SU rank-2 in some cases.    In order to perform better pairing and interference control for MU under low correlated environment, better accuracy is needed.  
· While this better accuracy can be done with doing explicit feedback of 6-bit per eigenmode, it can be also done with similar extensions [7].   These extensions may help implicit feedback to close the performance gap.
4 Conclusion

Studies are done to investigate the performance difference between explicit feedback and implicit feedback.  We draw the following conclusion based on our observations:
· Higher codebook accuracy (e.g. 6-bit) should be considered regardless of explicit or implicit feedback.

· In low correlated environment, the performance gap between implicit feedback and explicit feedback is more significant.   Further enhancements should be considered to close the gap.
· The tradeoff between system level gain and the overhead cost to optimize MU-MIMO performance under low correlated environment should be carefully studied.
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Appendix: Simulation Assumptions 
	Parameters
	Assumption

	Channel model
	ITU Channel Models– Urban Micro(UMa) & Urban Micro(UMi)

	Antenna configuration
	MIMO 4x2

Transmitter: 4Tx ULA at eNB,  4λor 0.5λ separation 
Receiver: 2Rx UE, ULA, 0.5λ at UE 

	Number of UEs
	2UEs with the same geometry dropped randomly in a cell.

	Bandwidth
	6RB 

	CQI/PMI/R reporting 
	5ms reporting interval, 6RB granularity, 6ms delay

	Rank adaptation
	SU Rank is reported from UE.  Final MU rank is decided at eNB.

	Link adaptation
	Post-BF CQI calculated based on SU CQI /eigen-component(s)/transmit covariance feedback R with adjustment based on ACK/NACK

	MU Precoding
	SLNR

	HARQ
	Chase Combining

	Channel estimation 
	Ideal 

	Receiver
	MMSE
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