3GPP TSG-RAN WG1 Meeting #73
R1-132731
Fukuoka, Japan, 20 - 24 May 2013
Agenda item:

6.2.2.1.1
Source:
Nokia Siemens Networks, Nokia
Title:
Rank 1-2 codebook design for further downlink MIMO enhancement
Document for:

Discussion and Decision

1
Introduction

During the RAN1 #72bis meeting, the following codebook structure has being agreed:
Agreement:

· Adopt a new 4 tx codebook at least for rank 1-2

Working assumption for rank 1-4:

· New 4 tx codebook is constant modulus

· Companies can provide further evaluations for Scenario C1 until RAN1#73 if desired

Working assumption: 

· At least for rank 1-2:

· 4Tx codebook enhancement is based on a grid of beams design similar to the Rel 10 8Tx codebook 
· (this does not preclude that some of the Rel-8 codewords might be included in the new codebook)

· a same W1 codebook is assumed for rank 1 and rank 2 feedback

· FFS until RAN1#73 whether rank 3-4 is:

· same as Rel-8 or 

· enhanced or

· not supported in the new codebook

· If rank 3-4 is supported in the new codebook, a same W1 codebook is assumed for rank 3 and rank 4 feedback
Working assumption for structure of W1: 

· 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: image3.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

Working assumption for structure of W2: 

· For each rank R =1,2 (and 3 and 4, if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12), W2 is a 2CR x R matrix defined as below
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where ei is a selection vector of zeros and a “1” in the ith row

· To be determined:

· N2: 

total number entries of W2 per rank

· Q2: 

co-phasing granularity between two polarizations  

· For each ar
· yr1:  

column selection for the first polarization

· yr2 : 

column selection for the another polarization

· mr1: 

phase shift  for the first polarization

· mr2: 

phase shift  for the second polarization

Working Assumption of Codebook Parameters of Rank 1 and Rank 2

· W1 (4 bits)

· N1 


16


· Q1, q1:


FFS

· For each block matrix Xn
· CR:

FFS between 2 and 4 (4 is the default)
· a1,n, …, aCR,n :  FFS

· W2 (3 or 4 bits) and three alternatives for column selection (assuming CR=4): 
· Alt.1 (4 bits) same as 8Tx W2
· Alt.2 (3 bits) subset of 8Tx W2
· Alt.3 (4 bits) as 8Tx W2 modified to

· For rank 1 
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· For rank 2
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· Alt.4 (4 bits) as Alt 3, modified as follows:
· For rank 1
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· For rank 2

[image: image11.png]


[image: image12.png]



[image: image13.png]kle{l234}



, Q2=8.

 
Working assumption for rank 3,4 (if new codebook is agreed for rank 3-4):

· W1: 2 bits

· W2: FFS between:

· 4,3 for ranks 3,4 respectively, or 

· 3,3 for ranks 3,4

Submit codebook proposals by Monday 29th April. 

15 companies submitted codebook proposals [1]

 REF _Ref355705392 \r \h 
[2]

 REF _Ref355705394 \r \h 
[3]

 REF _Ref355705396 \r \h 
[4]

 REF _Ref355705398 \r \h 
[5]

 REF _Ref355705400 \r \h 
[6]

 REF _Ref355705402 \r \h 
[7]

 REF _Ref355705403 \r \h 
[8]

 REF _Ref355705405 \r \h 
[9]

 REF _Ref355705406 \r \h 
[10]

 REF _Ref355705408 \r \h 
[11]

 REF _Ref355705409 \r \h 
[12]

 REF _Ref355705412 \r \h 
[13]

 REF _Ref355705414 \r \h 
[14]

 REF _Ref355705416 \r \h 
[15] by the deadline. In this contribution, we give our views on rank 1-2 codebook design, and simulation results are provided.

2
Rank 1-2 Codebook design
In [17], we have provided the the rank 1-2 codebook design parameters. For completeness sake, the codebook design parameters as reported in [17] are given below.
2.1 Antenna port mapping convention

                                                 [image: image14.png]



                                                           Figure 1 Antenna configuration for 4Tx
First we have the antenna configuration for 4Tx as shown in figure 1, it is important to map the rows of a codeword to antennas in the intended order. 

2.2 Codebook description for rank1/rank2

Parameters for W1
For the codebook with parameter set 1 as in [16], we have 

· W1 (4 bits)

· N1:
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· Q1: 
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· For each block matrix Xn
· CR:

4
· 
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For the codebook with parameter set 2 as in [16], we have 

· W1 (4 bits)

· N1:


16


· Q1: 
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· For each block matrix Xn
· CR:

4
· 
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Parameters for W2
Alt.1 (4 bits) same as 8Tx W2 is used, i.e. the same W2 as in Rel-10 8Tx is used.

3
codebook structure analysis
While the principle of Grid of Beams has been agreed at last meeting, the codebook structure alternatives reached at last meeting allow quite some design choices. Among them we can list

1. On the design of W1, how one beam group is related to another? 

2. On the design of W2, whether to support different beam selection between polarizations (Alt.1 and Alt. 2 for W2 select the same beam for both polarizations, while Alt.3 and Alt.4 allow different beam selections for polarizations).

Table x: Construction of W1
	
	One reference beam group
	Multiple reference beam groups

	Codebook proposal
	AT&T,ALU,CATT,Ericsson,HW,Intel,NEC, NNSN, QC,RME,Samsung,TI alt 1,ZTE
	Fujitsu, LGE, TI alt 2


For many codebook proposals (proposals listed in table 1), the generation of beam groups (i.e. W1’s) can be divided into two steps [16]:

1. First a reference beam group is generated;

2. Then an increasing phase rotation, which is equivalent to a scanning in the DoA domain, is applied to the reference beam group to generate all the beam groups. 

In other words, for many codebook proposals, 
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which is consistent with the Rel-10 8Tx design. 

In table 1, under the column “One reference beam group”, we find codebook proposals from AT&T, ALU, CATT, Ericsson, Huawei, Intel, NEC,NNSN,Qualcomm, RME, Samsung, TI (alt 1) and ZTE which have  
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 as a constant vector.
For some codebook proposals e.g. [5]

 REF _Ref355705403 \r \h 
[8],  one reference beam group is not enough to generate all W1’s. In other words, 
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. The benefits for such a design are not clear.

We have 

Proposal 1: The Rel-10 8Tx design practice is adopted for W1 in Rel-12 4Tx design. Any beam group can be generated from another through phase rotation. 
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.
Table 2: Beam selection in W2
	
	Alt. 1
	Alt. 2
	Alt. 3
	Alt. 4

	Codebook proposal
	AT&T alt 1a,

CATT,Ericsson,HW,Intel, LGE, NEC,NNSN, Samsung,TI,ZTE
	AT&T alt 1b,QC
	 ALU
	 AT&Talt 2, Fujitsu, RME


Four alternatives are provided as part of the working assumptions for W2 design. Alternatives 1 and 2 select the same beam for both antenna polarizations; while alternatives 3 and 4 allow selecting different beams for different antenna polarizations. From table 2, it can be seen that majority of companies finds it is adequate to select the same beam for both polarizations. This clear preference is quite understandable. Rel-10 8Tx codebook design uses the same beam selection for both polarizations, and Rel-10 8Tx codebook design in general can be a useful reference for 4Tx codebook design. 

Supporting different beam selection for each polarization would make sense if the angles of departure for clusters are different for eNB antennas at different polarizations --- however, there is little evidence that is the case. As similar channel models have been used for Rel-10 8Tx codebook design and Rel-12 downlink MIMO enhancement 4Tx codebook design -- the angles of departure for any cluster are the same for both antenna polarizations, there is little reason to depart from the established practice from Rel-10. Hence we have

Proposal 2: There is no need to support different beam selections for antenna polarizations and the beam selection is identical for both antenna polarizations in W2 for 4Tx rank 1-2 codebook design. 
4
Simulation results and analysis

We have performed simulations on the second round codebook proposals. Below we provide simulation results with closely spaced antennas, widely spaced antennas (4 wavelengths), and 10 wavelengths spaced antennas.

For each table below, the performance of LTE Rel-8 4Tx codebook with feedback mode 3-2 is used as the baseline. Timing adjustment error is modeled as i.i.d. N(0, 12 ns).

Table 1 80% indoor, closed spaced antennas

[image: image41.wmf]80% indoor, arrival rate at 2.5 UEs/second/cell

Setup

 Sector TP 

 avg TP 

 Median TP

 Cell edge TP

closely spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

15.77(0.00%)

10.72(0.00%)

2914.46(0.00%)

closely spaced, NNSN1, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.82(6.66%)

11.63(8.49%)

3185.47(9.30%)

closely spaced, NNSN2, TAE with N(0,12ns), mode 3-2

10.44(0.10%)

16.81(6.59%)

11.62(8.40%)

3230.60(10.85%)

closely spaced, ALU, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.44(4.25%)

11.32(5.60%)

3132.95(7.50%)

closely spaced, CATT, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

15.80(0.19%)

10.97(2.33%)

3001.62(2.99%)

closely spaced, Ericsson, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.07(1.90%)

11.26(5.04%)

3033.54(4.09%)

closely spaced, Fujitsu, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.19(2.66%)

11.28(5.22%)

3049.29(4.63%)

closely spaced, HW, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

15.88(0.70%)

10.99(2.52%)

3023.00(3.72%)

closely spaced, Intel, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

15.90(0.82%)

10.99(2.52%)

3017.08(3.52%)

closely spaced, LGE, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.62(5.39%)

11.58(8.02%)

3161.57(8.48%)

closely spaced, NEC1, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.26(3.11%)

11.27(5.13%)

3096.42(6.24%)

closely spaced, NEC2, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.35(3.68%)

11.30(5.41%)

3105.79(6.56%)

closely spaced, QC, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

15.80(0.19%)

10.72(0.00%)

2974.23(2.05%)

closely spaced, RME1, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.03(1.65%)

10.99(2.52%)

3037.00(4.20%)

closely spaced, RME2, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.64(5.52%)

11.60(8.21%)

3203.23(9.91%)

closely spaced, Samsung1, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.54(4.88%)

11.45(6.81%)

3138.54(7.69%)

closely spaced, Samsung2, TAE with N(0,12ns), mode 3-2

10.44(0.10%)

16.67(5.71%)

11.63(8.49%)

3196.61(9.68%)

closely spaced, TIalt1, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

15.87(0.63%)

10.97(2.33%)

3005.00(3.11%)

closely spaced, TIalt2, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

16.38(3.87%)

11.58(8.02%)

3133.93(7.53%)

closely spaced, ZTE, TAE with N(0,12ns), mode 3-2

10.43(0.00%)

15.82(0.32%)

10.97(2.33%)

2955.21(1.40%)


Table 2 80% indoor, widely spaced antennas

[image: image42.emf]80% indoor, arrival rate at 2.5 UEs/second/cell

Setup  Sector TP   avg TP   Median TP  Cell edge TP

widely spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2 10.41(0.00%) 14.57(0.00%) 9.98(0.00%) 2623.35(0.00%)

widely spaced, NNSN1, TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.48(6.25%) 10.70(7.21%) 2816.32(7.36%)

widely spaced, NNSN2, TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.52(6.52%) 10.69(7.11%) 2797.43(6.64%)

widely spaced, ALU, TAE with N(0,12ns), mode 3-2 10.41(0.00%) 14.77(1.37%) 10.18(2.00%) 2740.09(4.45%)

widely spaced, CATT, TAE with N(0,12ns), mode 3-2 10.39(-0.19%) 12.85(-11.81%) 8.69(-12.93%) 2277.37(-13.19%)

widely spaced, Ericsson, TAE with N(0,12ns), mode 3-2 10.40(-0.10%) 13.98(-4.05%) 9.70(-2.81%) 2526.96(-3.67%)

widely spaced, Fujitsu, TAE with N(0,12ns), mode 3-2 10.40(-0.10%) 13.75(-5.63%) 9.28(-7.01%) 2467.49(-5.94%)

widely spaced, HW, TAE with N(0,12ns), mode 3-2 10.38(-0.29%) 12.85(-11.81%) 8.68(-13.03%) 2303.23(-12.20%)

widely spaced, Intel, TAE with N(0,12ns), mode 3-2 10.39(-0.19%) 12.83(-11.94%) 8.69(-12.93%) 2278.25(-13.15%)

widely spaced, LGE, TAE with N(0,12ns), mode 3-2 10.42(0.10%) 14.76(1.30%) 10.18(2.00%) 2705.93(3.15%)

widely spaced, NEC1, TAE with N(0,12ns), mode 3-2 10.40(-0.10%) 13.51(-7.28%) 9.26(-7.21%) 2437.22(-7.10%)

widely spaced, NEC2, TAE with N(0,12ns), mode 3-2 10.40(-0.10%) 13.67(-6.18%) 9.28(-7.01%) 2480.61(-5.44%)

widely spaced, QC, TAE with N(0,12ns), mode 3-2 10.38(-0.29%) 12.67(-13.04%) 8.52(-14.63%) 2273.65(-13.33%)

widely spaced, RME1, TAE with N(0,12ns), mode 3-2 10.40(-0.10%) 13.80(-5.28%) 9.30(-6.81%) 2468.72(-5.89%)

widely spaced, RME2, TAE with N(0,12ns), mode 3-2 10.42(0.10%) 14.40(-1.17%) 9.94(-0.40%) 2662.09(1.48%)

widely spaced, Samsung1, TAE with N(0,12ns), mode 3-2 10.41(0.00%) 14.72(1.03%) 10.17(1.90%) 2672.76(1.88%)

widely spaced, Samsung2, TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.00(2.95%) 10.26(2.81%) 2707.75(3.22%)

widely spaced, TIalt1, TAE with N(0,12ns), mode 3-2 10.38(-0.29%) 12.82(-12.01%) 8.68(-13.03%) 2297.82(-12.41%)

widely spaced, TIalt2, TAE with N(0,12ns), mode 3-2 10.41(0.00%) 14.15(-2.88%) 9.72(-2.61%) 2607.02(-0.62%)

widely spaced, ZTE, TAE with N(0,12ns), mode 3-2 10.38(-0.29%) 12.81(-12.08%) 8.62(-13.63%) 2253.53(-14.10%)


Table 3 80% indoor, 10 wavelength spaced antennas

[image: image43.emf]80% indoor, arrival rate at 2.5 UEs/second/cell

Setup  Sector TP   avg TP   Median TP  Cell edge TP

10 wavelength spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2 10.41(0.00%) 14.38(0.00%) 9.73(0.00%) 2641.78(0.00%)

10 wavelength spaced, NNSN1, TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.24(5.98%) 10.43(7.19%) 2798.07(5.92%)

10 wavelength spaced, NNSN2, TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.21(5.77%) 10.43(7.19%) 2818.56(6.69%)

10 wavelength spaced, ALU, TAE with N(0,12ns), mode 3-2 10.41(0.00%) 14.42(0.28%) 9.93(2.06%) 2667.78(0.98%)

10 wavelength spaced, CATT, TAE with N(0,12ns), mode 3-2 10.36(-0.48%) 11.96(-16.83%) 8.02(-17.57%) 2148.93(-18.66%)

10 wavelength spaced, Ericsson, TAE with N(0,12ns), mode 3-2 10.39(-0.19%) 13.60(-5.42%) 9.32(-4.21%) 2467.13(-6.61%)

10 wavelength spaced, Fujitsu, TAE with N(0,12ns), mode 3-2 10.38(-0.29%) 13.09(-8.97%) 8.87(-8.84%) 2342.74(-11.32%)

10 wavelength spaced, HW, TAE with N(0,12ns), mode 3-2 10.36(-0.48%) 12.01(-16.48%) 8.03(-17.47%) 2127.09(-19.48%)

10 wavelength spaced, Intel, TAE with N(0,12ns), mode 3-2 10.36(-0.48%) 11.96(-16.83%) 8.02(-17.57%) 2106.32(-20.27%)

10 wavelength spaced, LGE, TAE with N(0,12ns), mode 3-2 10.40(-0.10%) 14.30(-0.56%) 9.70(-0.31%) 2640.02(-0.07%)

10 wavelength spaced, NEC1, TAE with N(0,12ns), mode 3-2 10.38(-0.29%) 12.79(-11.06%) 8.53(-12.33%) 2254.31(-14.67%)

10 wavelength spaced, NEC2, TAE with N(0,12ns), mode 3-2 10.38(-0.29%) 12.98(-9.74%) 8.70(-10.59%) 2307.57(-12.65%)

10 wavelength spaced, QC, TAE with N(0,12ns), mode 3-2 10.35(-0.58%) 11.85(-17.59%) 8.01(-17.68%) 2100.88(-20.47%)

10 wavelength spaced, RME1, TAE with N(0,12ns), mode 3-2 10.38(-0.29%) 13.12(-8.76%) 8.87(-8.84%) 2350.65(-11.02%)

10 wavelength spaced, RME2, TAE with N(0,12ns), mode 3-2 10.40(-0.10%) 13.87(-3.55%) 9.47(-2.67%) 2527.18(-4.34%)

10 wavelength spaced, Samsung1, TAE with N(0,12ns), mode 3-2 10.41(0.00%) 14.38(0.00%) 9.72(-0.10%) 2638.35(-0.13%)

10 wavelength spaced, Samsung2, TAE with N(0,12ns), mode 3-2 10.41(0.00%) 14.62(1.67%) 9.95(2.26%) 2683.72(1.59%)

10 wavelength spaced, TIalt1, TAE with N(0,12ns), mode 3-2 10.35(-0.58%) 11.97(-16.76%) 8.02(-17.57%) 2095.78(-20.67%)

10 wavelength spaced, TIalt2, TAE with N(0,12ns), mode 3-2 10.40(-0.10%) 13.78(-4.17%) 9.48(-2.57%) 2514.06(-4.83%)

10 wavelength spaced, ZTE, TAE with N(0,12ns), mode 3-2 10.36(-0.48%) 11.99(-16.62%) 8.02(-17.57%) 2105.89(-20.29%)


Table 4 100% outdoor, closely spaced antennas

[image: image44.emf]100% outdoor, arrival rate at 2.5 UEs/second/cell

Setup  Sector TP   avg TP   Median TP  Cell edge TP

closely spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.34(0.00%) 14.92(0.00%) 4351.09(0.00%)

closely spaced, NNSN1, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.56(6.00%) 16.08(7.77%) 4684.81(7.67%)

closely spaced, NNSN2, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.60(6.19%) 16.12(8.04%) 4744.22(9.04%)

closely spaced, ALU, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.13(3.88%) 15.49(3.82%) 4580.81(5.28%)

closely spaced, CATT, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.22(-0.59%) 14.90(-0.13%) 4346.18(-0.11%)

closely spaced, Ericsson, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.59(1.23%) 15.45(3.55%) 4481.34(2.99%)

closely spaced, Fujitsu, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.81(2.31%) 15.46(3.62%) 4426.18(1.73%)

closely spaced, HW, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.35(0.05%) 14.92(0.00%) 4363.83(0.29%)

closely spaced, Intel, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.33(-0.05%) 14.93(0.07%) 4325.40(-0.59%)

closely spaced, LGE, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.30(4.72%) 16.03(7.44%) 4630.11(6.41%)

closely spaced, NEC1, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.80(2.26%) 15.45(3.55%) 4487.74(3.14%)

closely spaced, NEC2, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.84(2.46%) 15.46(3.62%) 4534.68(4.22%)

closely spaced, QC, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.36(0.10%) 14.91(-0.07%) 4357.39(0.14%)

closely spaced, RME1, TAE with N(0,12ns), mode 3-2 10.44(-0.10%) 20.70(1.77%) 15.46(3.62%) 4439.11(2.02%)

closely spaced, RME2, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.25(4.47%) 16.03(7.44%) 4687.82(7.74%)

closely spaced, Samsung1, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.18(4.13%) 15.54(4.16%) 4581.86(5.30%)

closely spaced, Samsung2, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.29(4.67%) 16.04(7.51%) 4638.19(6.60%)

closely spaced, TIalt1, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.35(0.05%) 14.91(-0.07%) 4299.83(-1.18%)

closely spaced, TIalt2, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.01(3.29%) 15.48(3.75%) 4592.86(5.56%)

closely spaced, ZTE, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.32(-0.10%) 14.91(-0.07%) 4301.78(-1.13%)


Table 5 100% outdoor, widely spaced antennas

[image: image45.emf]100% outdoor, arrival rate at 2.5 UEs/second/cell

Setup  Sector TP   avg TP   Median TP  Cell edge TP

widely spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 19.36(0.00%) 14.07(0.00%) 4050.27(0.00%)

widely spaced, NNSN1, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 20.43(5.53%) 14.92(6.04%) 4322.16(6.71%)

widely spaced, NNSN2, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 20.44(5.58%) 14.92(6.04%) 4386.66(8.31%)

widely spaced, ALU, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 19.52(0.83%) 14.38(2.20%) 4062.56(0.30%)

widely spaced, CATT, TAE with N(0,12ns), mode 3-2 10.43(-0.10%) 16.81(-13.17%) 11.94(-15.14%)3392.42(-16.24%)

widely spaced, Ericsson, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 18.41(-4.91%) 13.47(-4.26%) 3792.82(-6.36%)

widely spaced, Fujitsu, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 18.06(-6.71%) 13.04(-7.32%) 3657.10(-9.71%)

widely spaced, HW, TAE with N(0,12ns), mode 3-2 10.43(-0.10%) 16.86(-12.91%) 11.98(-14.85%)3366.11(-16.89%)

widely spaced, Intel, TAE with N(0,12ns), mode 3-2 10.43(-0.10%) 16.79(-13.27%) 11.94(-15.14%)3335.71(-17.64%)

widely spaced, LGE, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 19.47(0.57%) 14.38(2.20%) 4089.23(0.96%)

widely spaced, NEC1, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 17.74(-8.37%) 13.02(-7.46%) 3635.25(-10.25%)

widely spaced, NEC2, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 18.09(-6.56%) 13.07(-7.11%) 3721.07(-8.13%)

widely spaced, QC, TAE with N(0,12ns), mode 3-2 10.43(-0.10%) 16.69(-13.79%) 11.93(-15.21%)3293.73(-18.68%)

widely spaced, RME1, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 18.23(-5.84%) 13.09(-6.97%) 3722.62(-8.09%)

widely spaced, RME2, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 18.97(-2.01%) 13.92(-1.07%) 3969.15(-2.00%)

widely spaced, Samsung1, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 19.49(0.67%) 14.38(2.20%) 4079.89(0.73%)

widely spaced, Samsung2, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 19.75(2.01%) 14.42(2.49%) 4140.76(2.23%)

widely spaced, TIalt1, TAE with N(0,12ns), mode 3-2 10.43(-0.10%) 16.83(-13.07%) 11.97(-14.93%)3369.51(-16.81%)

widely spaced, TIalt2, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 18.80(-2.89%) 13.89(-1.28%) 3970.24(-1.98%)

widely spaced, ZTE, TAE with N(0,12ns), mode 3-2 10.43(-0.10%) 16.89(-12.76%) 11.96(-15.00%)3437.79(-15.12%)


Table 6 100% outdoor, 10 wavelength spaced antennas

[image: image46.emf]100% outdoor, arrival rate at 2.5 UEs/second/cell

Setup  Sector TP   avg TP   Median TP  Cell edge TP

10 wavelength spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 19.30(0.00%) 13.93(0.00%) 3897.09(0.00%)

10 wavelength spaced, NNSN1, TAE with N(0,12ns), mode 3-2 10.44(0.10%) 20.40(5.70%) 14.91(7.04%) 4170.44(7.01%)

10 wavelength spaced, NNSN2, TAE with N(0,12ns), mode 3-2 10.44(0.10%) 20.39(5.65%) 14.93(7.18%) 4162.51(6.81%)

10 wavelength spaced, ALU, TAE with N(0,12ns), mode 3-2 10.44(0.10%) 19.48(0.93%) 13.95(0.14%) 3936.83(1.02%)

10 wavelength spaced, CATT, TAE with N(0,12ns), mode 3-2 10.42(-0.10%) 15.94(-17.41%) 11.26(-19.17%)3142.13(-19.37%)

10 wavelength spaced, Ericsson, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 18.15(-5.96%) 13.06(-6.25%) 3747.39(-3.84%)

10 wavelength spaced, Fujitsu, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 17.49(-9.38%) 12.33(-11.49%)3433.89(-11.89%)

10 wavelength spaced, HW, TAE with N(0,12ns), mode 3-2 10.42(-0.10%) 15.98(-17.20%) 11.27(-19.10%)3136.10(-19.53%)

10 wavelength spaced, Intel, TAE with N(0,12ns), mode 3-2 10.42(-0.10%) 15.90(-17.62%) 11.26(-19.17%)3180.69(-18.38%)

10 wavelength spaced, LGE, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 19.15(-0.78%) 13.92(-0.07%) 3885.21(-0.30%)

10 wavelength spaced, NEC1, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 16.99(-11.97%) 11.94(-14.29%)3337.08(-14.37%)

10 wavelength spaced, NEC2, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 17.27(-10.52%) 12.26(-11.99%)3412.25(-12.44%)

10 wavelength spaced, QC, TAE with N(0,12ns), mode 3-2 10.42(-0.10%) 15.66(-18.86%) 10.98(-21.18%)3087.88(-20.76%)

10 wavelength spaced, RME1, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 17.57(-8.96%) 12.63(-9.33%) 3527.83(-9.48%)

10 wavelength spaced, RME2, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 18.42(-4.56%) 13.08(-6.10%) 3756.12(-3.62%)

10 wavelength spaced, Samsung1, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 19.32(0.10%) 13.92(-0.07%) 3859.64(-0.96%)

10 wavelength spaced, Samsung2, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 19.70(2.07%) 14.38(3.23%) 4046.35(3.83%)

10 wavelength spaced, TIalt1, TAE with N(0,12ns), mode 3-2 10.42(-0.10%) 15.98(-17.20%) 11.27(-19.10%)3158.20(-18.96%)

10 wavelength spaced, TIalt2, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 18.38(-4.77%) 13.07(-6.17%) 3759.11(-3.54%)

10 wavelength spaced, ZTE, TAE with N(0,12ns), mode 3-2 10.42(-0.10%) 15.92(-17.51%) 11.03(-20.82%)3110.48(-20.18%)


From tables 1 and 4, it can be seen for closely spaced antennas; quite some codebook proposals such as NNSN1, NNSN2, ALU, LGE, NEC1, NEC2, RME2, Samsung 1, Samsung 2, TI alt2, can offer gains more than 5% compared to the LTE Rel-8 4Tx codebook. In our contribution, RME 2 is for the second codebook alternative as given in Renesas’ contribution, which has 16 codewords for W2.

From tables 2 and 5, it can be seen that for widely spaced antennas, actually LTE Rel-8 4Tx codebook outperforms many codebook proposals. And the codebook proposals (NNSN1 and NNSN2) as provided in [10] provide gains compared to the LTE Rel-8 4Tx codebook.

From tables 3 and 6, for 10 wavelength spaced antennas, we have similar observations as for the widely spaced antennas. It also shows the NNSN1 and NNSN2 codebooks perform robustly for different antenna spacings. 

Overall, we observe the NNSN1 and NNSN2 codebooks offer good and robust gains over LTE Rel-8 4Tx codebook.

It is also observed it seems codebook design with multiple beam groups under W1 does not provide much benefit; also the simulation results reveal alt 3 or alt 4 for W2 seems not to bring advantage in terms of throughput improvement over alt 1 and alt 2 for W2.

5
Further Considerations on codebook design

In offline discussions on eMIMO codebook design, several solutions have been proposed for discussion during on the online session. Among them, one solution uses small beam granularity (solution 1), which is mainly motivated by performance for the closely spaced antenna configuration; another solution uses large beam granularity (solution 2), which is motivated by robust performance with timing adjustment error (TAE) and widely spaced antenna configuration.

Intuitively we can see when the angular spread at eNB is small, typically a UE won’t prefer higher rank transmission; when the angular spread at eNB is large, then the UE will tend to prefer higher rank transmission. From that, simulation was conducted to check whether it is possible to have a solution that a small beam granularity is used for rank 1; and a large beam granularity is used for rank 2. From that, hopefully the two design goals from solution 1 and solution 2 can be accommodated. 
In the table below, we use the notation combo-[alpha=11.25][alpha=90] for the codebook with 11.25 degrees’ beam granularity for rank 1; and 90 degrees’ beam granularity for rank 2. Beam granularity at 11.25 degrees is the same beam granularity as in Rel-10 8Tx codebook.
Table 7  80% indoor

[image: image47.emf]80% indoor, arrival rate at 2.5 UEs/second/cell

Setup  Sector TP   avg TP   Median TP  Cell edge TP

closely spaced, combo-[alpha=45 ][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.44(0.10%) 16.91(7.23%) 11.63(8.49%) 3252.66(11.60%)

closely spaced, combo-[alpha=33.75][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.43(0.00%) 16.87(6.98%) 11.71(9.24%) 3222.26(10.56%)

closely spaced, combo-[alpha=22.5][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.44(0.10%) 16.84(6.79%) 11.61(8.30%) 3142.45(7.82%)

closely spaced, combo-[alpha=11.25][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.44(0.10%) 16.80(6.53%) 11.60(8.21%) 3188.95(9.42%)

closely spaced, combo-[alpha=90 ][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.43(0.00%) 16.82(6.66%) 11.63(8.49%) 3185.47(9.30%)

closely spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2 10.43(0.00%) 15.77(0.00%) 10.72(0.00%) 2914.46(0.00%)

80% indoor, arrival rate at 2.5 UEs/second/cell

Setup  Sector TP   avg TP   Median TP  Cell edge TP

widely spaced, combo-[alpha=45 ][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.48(6.25%) 10.70(7.21%) 2781.06(6.01%)

widely spaced, combo-[alpha=33.75][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.50(6.38%) 10.71(7.31%) 2828.16(7.81%)

widely spaced, combo-[alpha=22.5][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.39(5.63%) 10.68(7.01%) 2769.18(5.56%)

widely spaced, combo-[alpha=11.25][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.25(4.67%) 10.45(4.71%) 2726.72(3.94%)

widely spaced, combo-[alpha=90 ][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.42(0.10%) 15.48(6.25%) 10.70(7.21%) 2816.32(7.36%)

widely spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2 10.41(0.00%) 14.57(0.00%) 9.98(0.00%) 2623.35(0.00%)


Table 8 100% outdoor

[image: image48.emf]100% outdoor, arrival rate at 2.5 UEs/second/cell

Setup  Sector TP   avg TP   Median TP  Cell edge TP

closely spaced, combo-[alpha=45 ][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.57(6.05%) 16.07(7.71%) 4738.41(8.90%)

closely spaced, combo-[alpha=33.75][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.44(-0.10%) 21.65(6.44%) 16.08(7.77%) 4775.24(9.75%)

closely spaced, combo-[alpha=22.5][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.59(6.15%) 16.06(7.64%) 4717.44(8.42%)

closely spaced, combo-[alpha=11.25][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.54(5.90%) 16.07(7.71%) 4690.46(7.80%)

closely spaced, combo-[alpha=90 ][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.45(0.00%) 21.56(6.00%) 16.08(7.77%) 4684.81(7.67%)

closely spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2 10.45(0.00%) 20.34(0.00%) 14.92(0.00%) 4351.09(0.00%)

100% outdoor, arrival rate at 2.5 UEs/second/cell

Setup  Sector TP   avg TP   Median TP  Cell edge TP

widely spaced, combo-[alpha=45 ][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.44(0.00%) 20.47(5.73%) 14.94(6.18%) 4300.20(6.17%)

widely spaced, combo-[alpha=33.75][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.44(0.00%) 20.33(5.01%) 14.92(6.04%) 4253.30(5.01%)

widely spaced, combo-[alpha=22.5][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.44(0.00%) 20.30(4.86%) 14.92(6.04%) 4292.38(5.98%)

widely spaced, combo-[alpha=11.25][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.44(0.00%) 20.15(4.08%) 14.90(5.90%) 4168.22(2.91%)

widely spaced, combo-[alpha=90 ][alpha=90 ], TAE with N(0,12ns), mode 3-2 10.44(0.00%) 20.43(5.53%) 14.92(6.04%) 4322.16(6.71%)

widely spaced, Rel-8 4Tx, TAE with N(0,12ns), mode 3-2 10.44(0.00%) 19.36(0.00%) 14.07(0.00%) 4050.27(0.00%)


From tables 7 and 8, we can see it seems possible to accommodate two design goals above.

Observations: it seems possible to accommodate the design goals of good performance with closely spaced antenna configuration and robust performance for widely spaced antenna configuration and situation with timing adjustment error.

6
Conclusion

We give our views on rank 1-2 codebook design in this contribution. We have 
Proposal 1: The Rel-10 8Tx design practice is adopted for W1 in Rel-12 4Tx design. Any beam group can be generated from another through phase rotation. 
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Proposal 2: There is no need to support different beam selections for antenna polarizations and the beam selection is identical for both antenna polarizations in W2 for 4Tx rank 1-2 codebook design. 
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Appendix A – Simulation assumptions
	Parameter
	Value

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

	Simulation case
	ITU UMa for macro

	Carrier frequency
	2GHz

	Deployment scenario
	A: Homogenous macro

	Antenna configuration
	4 Tx 0.5λ or 4λ x-pol (-45o, 45o), for eNB

2 Rx 0.5λ x-pol (0o, 90o)

	Number of UEs per cell
	Arrival rate at 2.5/3.25/4 UEs/second/cell for bursty traffic

	Transmission scheme
	{MU-MIMO with maximum 2 UEs, SU-MIMO with maximum 2 layers per UE}

	Receiver modeling for PDSCH
	IRC, realistic channel estimation,  sample covariance matrix modeled with the Wishart distribution

	Feedback
	Mode 3-1 or Mode 3-2: {Rel’8  4Tx codebook as baseline} 

Subband sizes 6 PRBs/1 PRB, 5 ms delay PMI/CQI

	Scheduler
	Proportional fair

	Indoor / outdoor modeling
	Drop rule 1: 20 % UEs dropped outdoor

Drop rule 2: 100% UEs dropped outdoor

	Traffic model
	Bursty traffic model at a number of arrival rates {2.5, 3.25, 4} UEs/second/cell

	Receiver modeling for CSI
	Realistic channel estimation for CSI-RS 

	HARQ
	Max 4 retransmission

Incremental redundancy


Appendix B TM4 Rel-8 4Tx codebook performance with feedback mode 3-2
As reference, in tables 9 and 10 below, we give the simulation results with TM4 for feedback mode 3-1 and mode 3-2. 
From the results, we observe about 20% gain in cell edge throughput.  
Table 9 80% indoor

[image: image51.emf]Setup   Sector TP  avg TP   Median TP cell edge TP

TAE at N(0,12ns), TM4, mode 3-1 10.36 12.78 8.18 2007.19

TAE at N(0,12ns), TM4, mode 3-2 10.4 14.61 9.71 2490.55


Table 10 100% outdoor

[image: image52.emf]Setup   Sector TP  avg TP   Median TP cell edge TP

TAE at N(0,12ns), TM4, mode 3-1 10.42 16.88 11.6 3121.22

TAE at N(0,12ns), TM4, mode 3-2 10.44 19.45 13.98 3826.96
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