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1
Introduction
In RAN#72bis meeting, design principles for Release 12 4Tx double codebook have been agreed. In this contribution we discuss the rank 1-2 design while in a companion paper we discuss the rank 3-4 design. Regarding the rank 1-2 design, a working assumption with four different alternatives for codebook design is supposed to lead to a final outcome during RAN1#73. Alternatives 1 and 2 obey the codebook structure of Rel. 10 8Tx codebook. Alternatives 3 and 4 allow different beams per polarization. In addition, alternative 4 allows flipping of beams for second layer as presented in [2]. In this contribution we provide system level performance of codebooks submitted after the RAN1#72bis meeting.

2
Agreed double codebook structures
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 structure

· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12),  W1 is defined as below
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Where Xn  is a 2xCR matrix with DFT columns and [image: image5.wmf] 
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· To be determined:

· N1: 
total number entries of W1 per rank

· Q1:  
granularity of beam of W1 

· For each block matrix Xn

· CR: 

total number of beams

· a1,n, …, aCR,n :  
beam coefficients determining specific directions within the block
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 structure (Alternative 4)
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The beam selecting vectors are
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3
Submitted codebooks

After the RAN1#72bis meeting, 22 codebook proposals have been made from contributing companies. The codebook properties (of the codebooks evaluated in this contribution) have been summarized in Table 1. Several codebook design parameters need final tuning: 

· the number of beam CR in W1, 

· the granularity of beams given by parameter Q1.
· the beam groups used in W1
It can be noticed that all 4bit W2 codebooks use CR=4   and majority of 3bit W2 codebooks have chosen CR=2. The beam groups in W1 range from utilizing the tradition neighbouring beams [1 2 3 4] to usage of orthogonal beams as proposed by e.g. Ericsson, ALU and Samsung. AT&T proposed beam group [1 3 5 7]. To remind, W1 is meant to be selected wideband and long term and it should correspond to specific spatial direction towards the user. Presence of orthogonal vectors makes W1 to cover whole precoding space and does not fulfil its primary target to cover spatial direction of a user.  However, if multi-path happens to be of high-angular spread, the orthogonal beam might become beneficial. For the design of the W2 codebook, majority of companies utilized the Alt 1 and 2.
Table 1. Properties of codebooks submitted on the reflector

	Codebook
	TDOC #
	#bits W1
	#bits W2
	Q1
	CR
	Beam groups in W1

	Intel
	R1-131799
	4
	4
	32
	4
	1 2 3 4

	Huawei
	R1-131796
	4
	4
	32
	4
	1 2 3 4

	Samsung Alt1
	R1-131802
	4
	4
	32
	4
	1 2 3 17

	Samsung Alt2
	R1-131802
	4
	4
	16
	4
	1 2 3 9

	QC
	R1-131803
	4
	3
	16
	2
	1 2

	LG
	R1-131809
	4
	4
	16
	4
	1 2 3 4

	ALU
	R1-131795
	4
	4
	16
	4
	1 2 9 10

	Renesas Alt1
	R1-131804
	4
	4
	16
	4
	1 2 3 4

	Renesas Alt2
	R1-131804
	4
	3
	16
	4
	1 2 3 4

	ZTE
	R1-131798
	4
	4
	32
	4
	1 2 3 4

	NEC Alt 1
	R1-131808
	4
	3
	16
	2
	1 3

	NEC Alt 2
	R1-131810
	4
	4
	32
	4
	1 2 3 4

	Fujitsu
	R1-131810
	4
	4
	16
	4
	1 2 3 4

	STE
	R1-131806
	4
	3
	32
	2
	1 17

	AT&T Alt1a*
	R1-131807
	4
	4
	16
	4
	1 3 5 7

	AT&T Alt1b*
	R1-131807
	4
	4
	16
	4
	1 3 5 7

	AT&T Alt2
	R1-131807
	4
	3
	16
	2
	1 5

	RME-wide
	
	4
	4
	16
	4
	1 2 3 9







*original proposal
As previously discussed, there are two choices of beam grouping in W1: using neighbouring beams and non-neighbouring beams. The choice of beam utilization is linked to the trade-off between performances in closely and widely spaced antennas, as neighbouring beams are performing better in closely spaced antennas while non-neighbouring beams are performing better in wider spaced antennas and potentially when timing misalignments are encountered. The utilization of different beams per polarization and beam flipping in W2 has been considered in our proposed codebook structures [3]. These can be seen as a form of precoding diversity, where the codewords of structure S3 enrich the codebook coverage of precoding space. In addition, these codewords provide equal strength streams, which is useful for example in avoiding ceiling effect (hitting the highest MCS class by stronger stream).  In [3] we have been utilizing neighbouring beams in W1, while in a new codebook construction RME-wide we have been considering non-neighbouring in W1. The structure of RME-wide contains in rank2:

· four traditional codewords of structure S1.
· four codewords with different beams per polarization of structure S2.
· eight codewords with beam flipping of structure S3. 
It should be noted that the construction of W2 is to some extent independent on the beam choices of W1, hence different beams per polarization and their flipping are complementary with the neighbouring or non-neighbouring beams. This is confirmed also by the system performance in the next section.
Rank-1 and Rank-2 (4-bit codebook)

Table 2: Rank-1 W2 codebook (Q2=8)
	CW-rank 1
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
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	1
	1
	1
	1
	3
	3
	3
	3
	1
	1
	1
	1
	3
	3
	3
	3
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	1
	1
	1
	1
	3
	3
	3
	3
	3
	3
	3
	3
	1
	1
	1
	1
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	1
	3
	5
	7
	1
	3
	5
	7
	2
	4
	6
	8
	2
	4
	1
	3


Table 3: Rank-2 W2 codebook (Q2=4)
	CW-rank-2
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	Structure type
	S2
	S2
	S2
	S2
	S1
	S1
	S1
	S1
	S3
	S3
	S3
	S3
	S3
	S3
	S3
	S3
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	1
	1
	3
	4
	1
	1
	1
	1
	1
	1
	1
	1
	3
	3
	3
	3
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	3
	4
	1
	1
	3
	3
	3
	3
	4
	4
	4
	4
	1
	1
	1
	1
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	1
	1
	1
	1
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4


4
System performance
In this section we present system performance using finite buffer traffic. Note that previous agreement states that: FTP Model 1 must be used to decide on inclusion of any new DL MIMO enhancement feature in Rel-12. The assumed simulations assumptions may be found in the Appendix of this contribution. The simulated scheme is dynamic switching between single and multi-user MIMO where only two rank-1 UEs in MU dimension were allowed. The baseline is Release 11 multi rank feedback (R11 3-2 MR) that is two CSI process, where both rank 1 and rank 2 feedback is available at the transmitter at the same time. In terms of enhancements, we have investigated submitted codebooks that provided separate W1 and W2 codebooks. The system performance gains relative to Release 10 baseline, when using indoor-outdoor modelling, are shown for 0.5 lambda antenna spacing in Figure 1 and Figure 2, and for 4 lambda in Figure 3 and Figure 4. All four-bit codebooks are depicted with blue while the three bit codebooks are depicted with red. Table 4 and Table 5 with results, including resource utilization, can be found at the Appendix C.

Observations:

· Double codebooks bring significant gains over Release 8 4Tx codebook in close transmit antenna spacing.

· 0.5 lambda antenna spacing
· The best performing codebooks are Alcatel-Lucent, Samsung1/2 and RME1 and RME-wide, where RME1 uses neighbouring beams in W1, codebook while RME-wide uses non-neighbouring beams in W1.
· The design principles of RME-wide codebook include the usage of non-neighbouring beams in W1 as well as the utilization of different beams per polarization.
· Different beams per polarization and beam flipping are improving the performance in closely spaced antennas when non-neighbouring beams are used in W1.
· Out of 3bit codebooks RME2 performs the best.
· 4 lambda antenna spacing
· The best performing codebooks are Alcatel-Lucent and RME-wide. 
· Both ALU and RME-wide codebooks employ Alt 4 for W2 design.
· Codebooks with neighbouring beams are not robust in presence of TAE or large antenna spacing.
· 3 bit codebooks do not bring any performance benefit in 4 lambda spacing.
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Figure 1: UE throughput gains with respect to R8 4Tx codebook 
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Figure 2: Cell edge UE throughput gains with respect to R8 4Tx codebook
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Figure 3: UE throughput gains with respect to R8 4Tx codebook
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Figure 4: Cell edge UE throughput gains with respect to R8 4Tx codebook
5
Conclusions

In this contribution we have presented system simulation results for DL MIMO enhancements. We have the following proposals:
Proposal: The 4Tx Rel-12 codebook for rank 1-2 should consider non-neighbouring beam groups in W1 as well as different beams per polarization in W2 (Alt 4). 
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[1]  LTE UE SI (Revision 2)”, NTT DOCOMO, ST-Ericsson, Ericsson, Renesas Mobile Europe Ltd.

[2] R1-130854, “Double codebook for 4Tx antennas”, Renesas Mobile Europe Ltd.

[3] R1-131804, “Double codebook for four DL antenna ports”,  Renesas Mobile Europe Ltd.

Appendix A. Agreed simulation methodology
1. Outdoor-Indoor Ratio:  The evaluation will use user distributions for scenario A for (a) the case with 20% outdoor/80% indoor UE distribution and (b) the open-space case with 100% outdoor UE distribution

2. UE density clarification: The evaluation will use 10 UE per macro cell in Scenario A with uniform distribution for full buffer traffic model. 

3. Receiver type:  The evaluation will use an MMSE-IRC receiver at the UE with realistic IRC covariance matrix estimation.

· The IRC correlation matrix can be approximated using the complex Wishart distribution with M degrees of freedom [36.829 with DMRS based sample covariance matrix]. Details of the covariance matrices, estimation error, and statistical interference 
odelling should be described by each company.

4. Channel Estimation: The evaluation will use non-ideal modeling of channel estimation on CSI-RS, orthogonal and quasi-orthogonal DM-RS, and IMR. 

· The methodology of 
odelling channel estimation used for simulations should be described by each company. 

5. Traffic modelling:  The evaluations will use the full-buffer model and non-full-buffer FTP 1 model 

· FTP Model 1 must be used to decide on inclusion of any new DL MIMO enhancement feature in Rel-12

· FTP Model 1 with file size of 0.5 Mbytes,  and user arrival rate λ=2.5  and 4 (approximately 50% and 80% RU respectively, see TR 36.814)

6. Transmission mode :  The evaluation will use TM10 with QCL behavior A and single point operation (i.e. no CoMP or ICIC features)

· Same number of CSI-processes (either one or multiple CSI processes)  applied for both baseline and enhancement evaluation

· TM10 with single CSI process as mandatory and TM10 with multiple CSI processes as optional

· If one or multiple CSI processes are configured, details of CSI process configuration for a UE should be described by each company.  

 
7. SU/MU switching : The evaluation will use dynamic UE selection with non-ideal modeling of orthogonal DMRS and/or quasi-orthogonal DMRS.  

· The overhead due to DMRS ports and the modeling of quasi-orthogonal DMRS should be described by each company.

· Details of SU/MU switching should be described by each company, e.g. the maximal number of UE pairing, the maximal transmission rank per UE 

8. Feedback mode : PUSCH reporting mode 3-1 as both baseline and enhancement evaluation with x ms feedback periodicity and y ms delay between feedback and transmission

· x = 5ms, other values as optional

· y = 5ms, other values as optional

· Other PUCCH/PUSCH reporting mode can be used as optional in condition that a common wideband or narrowband feedback is applied for both baseline and enhancement evaluation.

Appendix B. Simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	ITU-R Uma

	Carrier frequency
	2.0 GHz

	Deployment scenario
	Homogenous macro

	Antenna configuration
	4 Tx 0.5 lambda x-pol (-45o, 45o)

2 Rx 0.5 lambda x-pol (0o, 90o)

	Number of UEs per cell
	According to the FTP 1 traffic

	Transmission scheme
	Dynamic switching between 
MU-MIMO with maximum 2 UE per layer and 1 layer per UE and
SU-MIMO with maximum 2 layers per UE

	Receiver
	Release 11: IRC Wishart DM-RS [1]

	Feedback
	PUSCH mode 3-2, Simulated codebooks

	IMR modeling
	Ideal

	Scheduler
	TD-FD: PF-PF

	Indoor / outdoor modeling; outdoor modeling
	20% UEs dropped outdoor

	Traffic model
	FTP1 (4Mbit file, 2.5 user/second )

	Channel estimation
	Realistic CSI-RS based channel estimation for CSI feedback
DM-RS

	HARQ
	Maximum 4 retransmissions
Chase combining


Appendix C. System Performance 

Table 4  Codebooks performance, 0.5 lambda antenna spacing, Mode 3-2
	Name
	Average
[bps/Hz/UE]
	Coverage

[bps/Hz/UE]
	Average %
	Coverage%
	RU

[%]

	Intel
	1.813
	0.401
	2.5
	8.0
	54.6

	Huawei
	1.804
	0.401
	2.0
	8.1
	54.7

	Samsung1
	1.837
	0.412
	3.9
	10.9
	54.2

	Samsung2
	1.841
	0.401
	4.0
	8.0
	53.3

	QC
	1.787
	0.392
	1.0
	5.7
	54.7

	LG
	1.815
	0.398
	2.6
	7.1
	54.5

	ALU
	1.840
	0.399
	4.0
	7.5
	53.9

	RME1
	1.836
	0.404
	3.6
	9.0
	54.3

	RME2
	1.818
	0.411
	2.8
	10.8
	54.7

	ZTE
	1.789
	0.396
	1.2
	6.8
	54.6

	NEC1
	1.815
	0.402
	2.6
	8.4
	54.7

	NEC2
	1.813
	0.402
	2.5
	8.4
	54.3

	Fujitsu
	1.800
	0.397
	1.8
	6.9
	54.6

	AtaT1a
	1.808
	0.388
	2.2
	4.6
	54.8

	AtaT1b
	1.822
	0.392
	3.0
	5.6
	54.7

	AtaT2
	1.747
	0.361
	-1.3
	-2.7
	56.0

	Ericsson
	1.782
	0.384
	0.7
	3.4
	56.1

	R8
	1.769
	0.371
	0.0
	0.0
	56.5

	RME-wide
	1.864
	0.414
	5.4
	11.5
	53.2


Table 5 Codebooks performance, 0.4 lambda antenna spacing, Mode 3-2
	Name
	Average
[bps/Hz/UE]
	Coverage

[bps/Hz/UE]
	Average %
	Coverage%
	RU

[%]

	Intel
	1.602
	0.304
	-5.0
	-1.5
	58.8

	Huawei
	1.589
	0.297
	-5.8
	-3.7
	59.4

	Samsung1
	1.702
	0.316
	1.0
	2.4
	57.5

	Samsung2
	1.719
	0.325
	1.9
	5.6
	57.5

	QC
	1.565
	0.290
	-7.2
	-6.0
	60.0

	LG
	1.633
	0.306
	-3.2
	-0.7
	58.9

	ALU
	1.731
	0.322
	2.7
	4.4
	57.2

	RME1
	1.687
	0.319
	0.0
	3.5
	58.1

	RME2
	1.656
	0.309
	-1.8
	0.2
	59.1

	ZTE
	1.577
	0.293
	-6.5
	-4.9
	59.9

	NEC1
	1.622
	0.299
	-3.8
	-3.0
	59.4

	NEC2
	1.631
	0.308
	-3.3
	0.1
	58.9

	Fujitsu
	1.607
	0.298
	-4.7
	-3.2
	59.2

	AtaT1a
	1.674
	0.315
	-0.7
	2.3
	58.2

	AtaT1b
	1.694
	0.316
	0.5
	2.4
	58.5

	AtaT2
	1.634
	0.298
	-3.1
	-3.3
	59.4

	Ericsson
	1.626
	0.296
	-3.6
	-4.1
	59.1

	R8
	1.686
	0.308
	0.0
	0.0
	58.5

	RME-wide 
	1.745
	0.328
	3.5
	6.5
	56.7
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