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1. Introduction

The way forward from RAN1 61 for MIMO feedback is given in [1]. In [2], the simulation methodology for Rel.10 4Tx feedback is described. In addition, operators have also given their views on antenna configuration for practical deployment in [3]. The large spaced cross polarized antenna X    X  is listed as one of the major antenna configurations for 4Tx deployment. It would be beneficial for the operators if the Rel.10 feedback/codebook design could take into account all the three typical antenna configurations in [3]. 
In [4], we have proposed a 4-bit differential codebook, which follows the way forward on feedback in RAN1 59b. In this contribution we propose a 3-bit differential codebook, which follows the same principle in [4] and it can better fit in with the PUCCH that has limited payload size and subband granularity.  We also simulated this 3-bit differential codebook and other proposals according to the agreed simulation methodology and the realistic limitation on PUCCH [5].
2. Periodic Report Over PUCCH
In Rel-9 [6], for transmission mode 8 if UE is configured with PMI/RI reporting, Mode 2-1 could be used. The CQI report timing and pattern is configured by several parameters. A configuration example of Mode 2-1 is given below where RI is not configured.
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Figure 1. Rel-9  Mode 2-1 configuration example.
In order to achieve better spatial feedback accuracy than Rel. 8, a subband PMI is needed. Thus a Type 5 report that supports CQI/PMI feedback for the UE selected sub-bands is needed in order to report codeword W2 for improving the subband CSI feedback accuracy. If 2 or 3 bits are assumed for the subband PMI, 6/7+L bits are needed for the Subband CQI/PMI report， where L bits is the subband label and it is 2 for 10MHz system bandwidth
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Figure 2. Rel-10 Mode 2-2 configuration example.
3. Enhanced 4Tx feedback over PUCCH
In [7], we have given one example for 4Tx CSI feedback design following the way forward in RAN1 59bis. We use Rel-8 codebook for C1 as the wideband and long term feedback and improve the subband short term spatial feedback accuracy by a 4-bit differential codebook C2. Significant performance gain could be achieved as compared to Rel-8 codebook if successive refinement is made for all the subbands.
The bandwidths of feedback subband of PUCCH and PUSCH are 6 resource blocks (RBs) and 3 RBs. For such a wide subband in PUCCH, we design a 3-bit differential codebook following the same design principle in [7] and it is given in Table 1. The construction of the precoding matrix 
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 as specified in [7].
Table 1. 3-bit rank-1 differential codebook for 
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	Code word Index
	Code word

	0
	[1 0 0 0]T

	1
	[0.9397       0.0450 -0.0244i       -0.0738-0.3282i     0.0093+0.0338i]T

	2
	[0.9397       0.2175+0.0434i        0.1094+0.0388i    0.0815-0.2184i]T

	3
	[0.9397       0.0049+0.0470i       -0.3055+0.1415i    0.0351-0.0133i]T

	4
	[0.9397      -0.2801+0.1283i        0.0776-0.0189i     0.0657-0.1068i]T

	5
	[0.9397      -0.0576-0.3291i         0.0374+0.0630i    0.0]T

	6
	[0.9397        0.0203+0.0636i       0.0479+0.0372i   -0.3285+0.0309i]T

	7
	[0.9397       0.0495+0.0708i        0.1063+0.0663i    0.1367+0.2741i]T


4. Discussion on constant modulus
In [7] we have shown that when zero-forcing based MU-MIMO is employed at eNB to serve 10 UEs/sector, there is no obvious difference of power amplifier (PA) utilization when comparing constant modulus codebook and non-constant modulus codebook. It has been challenged by some companies that PA utilization could be a problem when eNB only schedules one UE per subframe with full system bandwidth and operates in rank 1. If mode 2-1 or the new Rel-10 mode 2-2 is used for the UE to report CQI/PMI/RI over PUCCH, we see this is not a problem because eNB can always do scheduling using the WB PMI/CQI report.
5. System level simulation results
We provide system level simulation results for MUZF with fixed 2 UEs per subband given in Table 3. (No dynamic SU/MU switching. Parameters are listed in appendix):

Table 2. System level simulation results.
	eNode B antenna configuration
	Sector SE (bit/s/Hz)
	5% cell edge SE (bit/s/Hz)

	
	Rel. 8
	3 bits Differential Differential codebook in section 3
	2 bits Differential codebook in [8]
	Rel. 8
	3 bits Differential codebook in section 3
	2 bits Differential codebook in [8]

	0.5λXX
	2.07
	2.25
	2.23
	0.037
	0.043
	0.042

	
	100%
	108.5%
	107.4%
	100%
	115.7%
	114.6%

	4λXX
	1.88
	2.10
	2.05
	0.034
	0.043
	0.038

	
	100%
	111.2%
	109%
	100%
	124%
	110.3%

	0.5λ||||
	2.5
	2.64
	2.61
	0.046
	0.047
	0.049

	
	100%
	105.4%
	104.3%
	100%
	102%
	107%


6. Conclusion
In this contribution we present the system level simulation results of several proposals, which improve the spatial feedback accuracy for 4Tx CSI feedback and follow the agreed simulation methodology in RAN1 61 [2]. Although the feedback resolution is low e.g. 6-RB subband size and small PUCCH payload size, a 2- or 3- bit subband PMI can still achieve 5% to 10% averaged throughput gain and 2% to 24% cell edge throughput gain. The link requirement actually does not increase for the 2-bit PMI because the wideband CQI/PMI report has the largest payload size and is the bottleneck for the PUCCH link budget of Mode 2-1. And for 3-bit PMI the link requirement degrading is also marginal [9].
We have also shown in our simulation results that different proposals have different gains in the three practical antenna configurations for real deployment [3]. 
Proposal 1: A mode 2-2 over PUCCH is defined that has 2 or 3-bit subband PMI sent together with 4 bits subband CQI and L bits subband label for one BP.
Proposal 2: If all three antenna configurations in [3] are required for real deployment, a 3-bit differential codebook following the principle in [7] should be adopted.
Proposal 3: If operators are only interested in closely spaced ULA, a 2-bit differential codebook following the principle in [8] should be adopted.

7. Reference
[1]: R1-103332, Way forward on UE feedback, Ericsson et al, RAN1 61, May 2010
[2]: R1-103346, Simulation Assumption on Rel.10 feedback for 4Tx, RAN1 61, Huawei et al, May 2010

[3]: R1-103376, Antenna configurations for practical deployments, Orange, AT&T, Vodafone, CMCC, Deutsche Telecom, NTT DoCoMo,  RAN1 61, May 2010
[4]: R1-102813, Enhanced MIMO feedback for LTE-A, RAN1 61, Intel, May 2010
[5]: R1-103419, Way forward on CSI Feedback Design for Rel-10 DL MIMO, ALU et al, RAN1 61, May 2010
[6]: 3GPP TS 36.213 V9.1.0, Physical Layer procedures, 3GPP, March 2010

[7]: R1-102813, Enhanced MIMO feedbacks for LTE-A, Intel, RAN1 61, May 2010

[8]: R1-103377, Views on feedback framework for Rel.10, Samsung, RAN1 61, May 2010
[9]: R1-102612, Evaluation of PUCCH Proposals for Carrier Aggregation, Ericsson, RAN1 61, May 2010
8. Appendix

Table 5, System level simulation parameters
	Parameter
	Value

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

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

	Users per sector
	10

	Downlink transmission scheme
	4x2 MU-MIMO ZFBF with fixed rank 2 and 1 layer per UE

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain

	Downlink link adaptation

	CQI and PMI 2ms feedback period

	
	1 PMI and 1 CQI feedback per subband (=6 consecutive RBs)

	
	6ms CQI/CSI delay

	
	CQI measurement error: Realistic from CSI-RS

	
	PMI feedback error: 1% 

	
	4bits CQI according to 36.213

	
	Outer loop link adaptation is enabled

	Codebook

　
	Rel. 8 4 bit

	
	W1 W2 or W2 W1 following [1]

	Allocation
	localized

	Total number of RB in one subframe
	50

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell

	Data Channel Estimation
	CSI RS and DM RS channel estimation error as input from LLS to SLS for a given geometry 

	PAPR
	No constraint on per-antenna power imbalance 

	UE antenna configuration
	Cross-polarized X

	
	Small-spaced co-polarized | |

	eNB antenna configuration
	Small-spaced cross-polarized X X

	
	Large-spaced cross-polarized X     X

	
	Co-polarized | | | |

	
	ideal antenna calibration

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe

	
	Overhead of CSI RS: Not modeled

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D

	Feeder loss
	0dB

	Channel model
	SCM urban macro high spread for 3GPP case 1, 3km/h

	
	5 degrees angle spread

	Link error prediction technique
	EESM

	Intercell interference modeling
	rank 2 transmission in interfering cells for MU-MIMO

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers
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