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1 Introduction

In RAN1 #61bis, results from performance evaluation of various 4Tx feedback enhancement proposals were presented and discussed.  It has been concluded that the cosigning companies of [9] have agreed that there are significant gains for enhanced feedback schemes.  The focus will be on making the way forward more concrete for 4Tx.  Also, it was noted that 4Tx is the priority.  
In order to evaluate enhanced double-codebook feedback for 4Tx, system level simulations with two-level codebook were done in [2] [5][8] to show the performance gain over Rel-8 feedback for MU-MIMO.  In this contribution, we continue to study the proposals defined in the framework described in [10]. Further performance evaluation is done with different feedback modes on PUCCH and PUSCH based on the agreed simulation assumptions in [6].
2 Two-Level codebook design
The structure of two-level codebook fits well into the two-component feedback structure.  Layer One（L1）codebook is used to generate the initial quantization of the channel state information, while successive refinement is applied in Layer Two（L2）codebook. In this section, we show the steps of generating the proposed two-level codebook.   The enhancement is only done to rank-1 and rank-2 codebooks.  There is only one level of codebook (i.e. original Rel-8 codebook) for rank 3 and rank 4.
2.1 Layer One Codebook C1
4Tx Rel-8 codebook is used for the Layer one L1 codebook.    
2.2 Layer Two Codebook C2
In this section, we give a specific 3-bit L2 codebook corresponding to L1 Rel-8 codebook.  We can divide the current Rel-8 codebook into two parts.  The first part is the first 8 DFT codewords which is good for correlated channel in general.  The 2nd part is non-DFT codewords which is more suitable for less correlated environment.  We had a proposal [5] in the past that has two different methods to enhance these two parts of the codebook. Since MU-MIMO gain is more significant for correlated channel, it is higher priority to enhance the codewords corresponding to the correlated channel (i.e. the first 8 codewords).   Given that time is limited for Rel-10 WI,  in this proposal we focus on only the enhancement for the correlated channel.  
The updated proposal for the combined 3-bit C2 codebook for both ULA and XPOL antenna configurations is:
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Note that the first four L2 codewords (n=0,1,2,3) are targeted more on enhancing the 4Tx DFT codewords for ULA antenna configuration.  Feedback accuracy is enhanced by fine tuning the DFT beams.  The last four L2 codewords (n=4,5,6,7) are targeted more on enhancing the XPOL antenna configuration.  The codewords with n=4,5 are for the purpose of having two different options of phase relation between two polarization directions while the codewords with n=6,7 are for the purpose of enhancing the ULA part of the XPOL setup.  The codeword with n=4 is basically the identity matrix which gives the option of using exactly the same final codeword as Rel-8 codeword.
2.2.1 Supporting both antenna configurations in one C2 codebook
Different C2 codewords can be good for different antenna configurations.  It is fine to always have the 3-bit feedback if it can be fit into the uplink feedback signaling bitwidth.  In some cases, codebook sub-sampling of C2 is needed if there is not enough bitwidth for W2 feedback.  For example, we need to sub-sample it to 2-bit if we want to feedback subband W2 based on the current structure of Rel-8 PUCCH mode 2-1.   There are two approaches to do the sub-sampling:

1. Sub-sampling can be done through codebook subset selection bitmap in RRC signaling.  A new set of bitmap needs to be defined for C2.  There can be two different bitmaps defined for PUCCH and PUSCH feedback respectively.  In some cases, it is mandatory for eNB to set the bitmap so that only half of the C2 codebook is selected e.g. for PUCCH.
2. Another way to do it is to add 1 C2 bit to jointly encoded with RI.  This 1-bit does codebook subset selection for the subsequent subband W2 reports. [11]
2.3 Implementation complexity

Additional implementation complexity of applying the enhancement with 2-level codebook is small comparing with the single Rel-8 codebook feedback.  We can re-use most of Rel-8 UE processing.  

Here is the flow of feeding back wideband PMI1, subband PMI2 and subband CQI;
1. First wideband PMI selection for PMI1 corresponding to W1 is done exactly as Rel-8 case (i.e. searching among 16 codewords).  
2. Once wideband PMI1 is picked, subband CQI can be calculated assuming the use of the single precoding matrix corresponding to PMI1 in all subbands.  This process is also exactly the same as Rel-8 processing.  
3. In this step, 2nd level of PMI searching (i.e. PMI2)  is done.  The subband PMI2 searching is only limited to the 4  L2 codewords corresponding to the selected PMI1.  This step is the extra process but this can be seen as a simpler process comparing with  Rel-8 cases in which searching over 16 Rel-8 codewords is need to be done per subband.  Now we only need to perform searching over 8 codewords for each subband.
Considering MMSE SINR calculation, matrix multiplication 
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.    Since W1 is from Rel-8 codebook, the matrix multiplication 
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 can reuse Rel-8 hardware engine to do the PMI search with the input of 
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.    Therefore, with only one form of W2 W1 enhancement it is expected that additional complexity should be very small.
3 Performance Evaluation 
In this section, we evaluate the performance of the proposed 2-level codebook under three different antenna configurations. The simulation assumptions used in system level simulation are given in the appendix.  For all the simulations unless it’s specified, we have SU/MU dynamic switching with maximum total number of layers equal to 2.  i.e. only one layer per UE is allowed for MU transmission.  Realistic feedback modes are used in the simulations.
3.1 Closely spaced ULA antenna
	SU/MU dynamic switching with max total 2 layers 
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook  
PMI - (5ms, 50RB), CQI – (5ms, 6RB)
	3.59
	0.140

	Two-Level codebook  (PUSCH 3-1)
PMI1 – (5ms, 50RB),  CQI - (5ms, 6RB)

PMI2– (5ms, 50RB)
	3.84(+7%)
	0.150(+7.1%)

	Two-Level codebook  (PUSCH 3-2)
PMI1 – (5ms, 50RB),  CQI - (5ms, 6RB)

PMI2– (5ms, 6RB)
	3.86 (+7.5%)
	0.152 (+8.6%)


Table 1 Performance under ULA antenna and 0.5( antenna spacing, with feedback via PUSCH 3-1/3-2
	SU/MU dynamic switching with max total 2 layers 
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook  
PMI - (5ms, 6RB), CQI – (5ms, 50RB)
	3.05    
	0.131

	Two-Level codebook 

PMI1 – (5ms, 50RB),  CQI - (5ms, 50RB)

PMI2– (5ms, 6RB)
	3.46 (13.4%)
	0.134 (+2%)


Table 2 Performance under ULA antenna and 0.5( antenna spacing, with feedback via PUSCH 1-2
	SU/MU dynamic switching with max total 2 layers
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook  (PUCCH 2-1)
PMI - (5ms, 50RB), CQI – (5ms, 6RB in one BP)
	3.26
	0.124

	Two-Level codebook 

PMI1–(5ms, 50RB), CQI – (5ms, 6RB in one BP)
PMI2– (5ms, 6RB in one BP)
	3.45 (+5.8%)
	0.129 (+4%)


Table 3 Performance under ULA antenna and 0.5( antenna spacing with feedback via PUCCH 2-1/2-2
3.2 Closely spaced XPOL antenna 
	SU/MU dynamic switching with max total 2 layers 
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook  
PMI - (5ms, 6RB), CQI – (5ms, 50RB)
	3.19
	0.0906

	Two-Level codebook  (PUSCH 3-1)
PMI1 – (5ms, 50RB),  CQI - (5ms, 6RB)

PMI2– (5ms, 50RB)
	3.30 (+3.5%)
	0.0969 (+6.5%)

	Two-Level codebook  (PUSCH 3-2)
PMI1 – (5ms, 50RB),  CQI - (5ms, 6RB)

PMI2– (5ms, 6RB)
	3.33 (+4.4%)
	0.0971 (+7.2%)


Table 4 Performance under XPOL antenna and 0.5( antenna spacing, with feedback via PUSCH 3-1/3-2
	SU/MU dynamic switching with max total 2 layers
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook  
PMI - (5ms, 6RB), CQI – (5ms, 50RB)
	2.62 (SU only)

2.64 
	0.0716  (SU only)

0.0712 

	Two-Level codebook 

PMI1 – (5ms, 50RB), CQI – (5ms, 50RB)
PMI12– (5ms, 6RB)
	2.74 (+3.8%)
	0.0726 (+1.4%)


Table 5 Performance under XPOL antenna and 0.5( antenna spacing, with feedback via PUSCH 1-2
	SU/MU dynamic switching with max total 2 layers
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook  (PUCCH 2-1)
PMI - (5ms, 50RB), CQI – (5ms, 6RB in one BP)
	3.10
	0.088

	Two-Level codebook 

PMI1–(5ms, 50RB), CQI – (5ms, 6RB in one BP)
PMI2– (5ms, 6RB in one BP)
	3.21 (+3.5%)
	0.092 (+4.5%)


Table 6 Performance under XPOL antenna and 0.5( antenna spacing with feedback via PUCCH 2-1/2-2
3.3
Widely spaced XPOL antenna 

	SU/MU dynamic switching with max total 2 layers 
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook  
PMI - (5ms, 6RB), CQI – (5ms, 50RB)
	2.98
	0.0784

	Two-Level codebook  (PUSCH 3-1)
PMI1 – (5ms, 50RB),  CQI - (5ms, 6RB)

PMI2– (5ms, 50RB)
	3.06 (+2.7%)
	0.0803(+2.4%)

	Two-Level codebook  (PUSCH 3-2)
PMI1 – (5ms, 50RB),  CQI - (5ms, 6RB)

PMI2– (5ms, 6RB)
	3.08 (+3.3%)
	0.0819(+4.4%)


Table 7 Performance under XPOL antenna and 4( antenna spacing, with feedback via PUSCH 3-1/3-2
	SU/MU dynamic switching with max total 2 layers
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook  
PMI - (5ms, 6RB), CQI – (5ms, 50RB)
	2.46 (SU only)

2.47 
	0.0589  (SU only)

0.0597

	Two-Level codebook 

PMI1 – (5ms, 50RB), CQI – (5ms, 50RB)
PMI12– (5ms, 6RB)
	2.49 (+1.2%)
	0.0616 (+4.6%)


Table 8 Performance under XPOL antenna and 4( antenna spacing, with feedback via PUSCH 1-2

	SU/MU dynamic switching with max total 2 layers
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 codebook  (PUCCH 2-1)
PMI - (5ms, 50RB), CQI – (5ms, 6RB in one BP)
	2.86

	0.0732

	Two-Level codebook 

PMI1–(5ms, 50RB), CQI – (5ms, 6RB in one BP)
PMI2– (5ms, 6RB in one BP)
	2.94(+3%)
	0.0748(+2.2%)


Table 9 Performance under XPOL antenna and 4( antenna spacing with feedback via PUCCH 2-1/2-2
We have the following observations from the simulation results:
· The 2-level codebook provides significant spectral efficiency gain both for cell average and cell edge in both ULA and XPOL antenna configurations.  With the 2-level codebook, 6%-14% gain can be achieved over Rel-8 codebook.
· For XPOL, the gain is little less comparing with the ULA antenna case.  It’s more challenging to do MU in XPOL  case as UE can often support rank-2.  With Rel-8 codebook, SU performance is more or less the same as performance with SU/MU dynamic switching.  With the 2-level codebook, 4%-7% gain can be achieved over Rel-8 codebook under closely-spaced XPOL.  For widely-spaced XPOL, the gain is less but 3-4% gain still can be achieved.
· We see benefit of introducing PUCCH 2-2 in which subband PMI2 is added to PUCCH 2-1.  It gives 3%-6% gain over PUCCH 2-1.
· We see little benefit of introducing PUSCH 3-2 in which subband PMI2 is added to PUCCH 3-1. 
4 Conclusion
In this contribution, a method of enhancing feedback accuracy for MU-MIMO by using 2-level codebook was proposed.   Performance evaluation is performed to see the gain of the 2-level codebook over the legacy Rel-8 codebook. . This two-level codebook has the following advantages:
· Good performance under both ULA and XPOL antenna configurations.  Depending on the antenna configurations, 4%-14% gain can be achieved over Rel-8 codebook.
· Low implementation complexity (including low codeword searching complexity and good backward compatibility)
· Same technique can be applied to both for 4Tx and 8Tx.  
· Small feedback overhead – potentially less overhead than Rel-8 
· Support dynamic switching between Rank2 SU and Rank1 MU very easily.  
· Backward compatible with Rel-8.
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Appendix A
Table A1: System Level Simulation Assumptions

	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1 3D

	Antenna configuration
	MIMO 4x2

Transmitter: 4Tx co-polarized antenna at eNB, 0.5λ separation for 3GPP Case 1, 4( separation for UMi
Receiver: 2Rx vertically polarized antenna at UE, 0.5λ separation 

	Number of UEs per cell
	10

	CQI/PMI reporting interval 
	5ms for CQI/PMI 

	Link adaptation 
	SU-CQI/PMI feedback, post-BF CQI calculated based on SU CQI with adjustment based on ACK/NACK

	MU Precoding
	SLNR

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal



































_1343429826.unknown

_1343429946.unknown

_1338756437.unknown

_1343429341.unknown

_1338756451.unknown

_1338756345.unknown

_1338756432.unknown

