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Discussion and decision  
1 Introduction
In the RAN1#72bits meeting, a number of agreements on enhanced 4Tx codebook have been made [1]. In this contribution, we discuss enhanced 4Tx codebook designs, and present system level evaluation results for several enhanced 4Tx codebook proposals. 
2 Discussion on enhanced 4Tx codebook design 
As agreed in the RAN1#72 bits meeting, the enhanced 4Tx codebook is based on a grid of beams (GoB) similar to the Release 10 8Tx codebook.  In the Release 10 8Tx codebook, the overall codebook
[image: image1.wmf]W

 has a double codebook structure, i.e.,
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can be written as
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 is used to capture long-term/wideband channel characteristics such as the spatial covariance matrix, and
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is used to capture short-term/frequency selective channel characteristics.  In addition, the codebook structure along with selections of certain parameters for 
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and 
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have been agreed as will be detailed below. 
2.1 Design of 
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for rank 1-2
For rank-1 and rank-2, 
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is a block diagonal matrix consisting of two identical sub-matrices
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with DFT columns in the diagonal, in the rank-1 and rank-2 cases, i.e., 
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can be expressed as 
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where
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  is a 
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 matrix with DFT columns with 
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. In particular, the codebook size 
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is restricted to 16 and the number of beams 
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 in each 
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 is restricted to 2 or 4 with 4 being a default value. 
With these constraints, the remaining key design parameters for 
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 are 1) the parameter
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, and 2) the parameters 
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.  The value of 
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 is related to the total number of distinct beams used for constructing 
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and is the parameter controlling long-term spatial resolution.  The parameters 
[image: image24.wmf]n

C

n

R

a

a

,

,

1

,

,

K

 determine the allocation of beams in a beam group, i.e., beams in one
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, such as the number of nearly parallel and orthogonal beams used in a beam group and the number of overlapping beams among different beam groups.  
a.    Choice of the parameter
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: In the Release 10 8Tx codebook, the value of 
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is chosen to be 32, which yields a good performance. Considering the fact that beam width in the 4Tx case is approximately two times as wide as that in the 8Tx case, we propose that the value of 
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is 16 or 32.
b.   Orthogonal beams: In the 4Tx case, antenna separation can be wider than that in the 8Tx case, and thus it is more likely to have channels with low correlation in the 4Tx case. Hence, adopting orthogonal beams or widely separated beams in a beam group can be beneficial in the 4Tx case. We propose that a pair of orthogonal beams in a beam group should be used.     
c.  Overlapping beams: Using overlapping beams among different beam groups can be used to improve performance when a UE is located at an azimuth angle near the edge of two different beam groups.  In the Release 10 8Tx codebook, the number of the overlapping beams among two beam groups is 2. Since beam width in the 4Tx case is wider than that in the 8Tx case, edge effects can be less severe in the 4Tx case than those in the 8Tx case. We propose that the number of overlapping beams among different beam groups is 1 or 2.  
2.2 Design of 
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for rank 1-2

In the RAN#1 72bits meeting, it was agreed that 
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 is a 
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 matrix defined as below
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 is a selection vector of zeros and a “1” in the i-th row, 
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denotes the rank, and 
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are design parameters.   As clear from the above agreements, 
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performs both beam selection and co-phasing operations.  In addition, it was also agreed in the meeting that the codebook size of 
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is restricted to 3 bits or 4 bits.  Unlike
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, 
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 is for a subband and thus the codebook size of 
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has large impact on the feedback payload.  We next share our view on the selection of the codebook size. 
As compared 4-bit
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, 3-bit even 2-bit
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have demonstrated comparable performance in closely-spaced cross-polarized (XPOL) antenna setup [2]

 REF _Ref355937985 \r \h 
[3]

 REF _Ref355937987 \r \h 
[4]  whereas it appears that 3-bit or 2-bit 
[image: image45.wmf]2

W

suffers somehow performance loss in the widely-spaced XPOL antenna setup.  Furthermore, as 4Tx has wider beam width than 8Tx, beam selection will not offer much performance gain in the closely-spaced XPOL setup.  The benefits of using 4-bit 
[image: image46.wmf]2

W

with beam selection in the closely-space antenna configuration are not clear.  However, the benefits may become more pronounced in the widely-space antenna configuration.  In the widely-spaced XPOL antenna setup, it is likely that the channels have low correlation.  In this case, the block diagonal structure of 
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agreed in the RAN#1 72bits meeting may mismatch with the spatial covariance matrix of the channels.  Hence, a large codebook size of 
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can be helpful to correct this mismatch and thus can provide good performance in the widely-spaced XPOL antenna setup.  As clearly indicated in WID [5], 4Tx codebook enhancement should target for both closely- and widely-spaced XPOL antenna configurations.  Taking this design objective into account, we propose that the codebook size of 
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should be determined based on the system level evaluation results in both closely- and widely-spaced antenna configurations. 
3 Evaluation results 
In this section, we present system level evaluation results for several enhanced 4Tx codebook proposals. 

Table 1 and Table 2 summarize system level evaluation results in the full-buffer case for the closely- and widely-space antenna configurations.  The baseline of the system level evaluation is Release 10 4Tx codebook with PUSCH mode 3-2. The system level evaluation results are obtained for SU-MIMO mode only. The detailed system evaluation assumptions are listed in Table 3 in Appendix.  
As shown in Table 1 and Table 2, enhanced 4Tx codebook proposals [7]

 REF _Ref355943944 \r \h 
[8]

 REF _Ref355943945 \r \h 
[9] all offer additional gains over the legacy Release 10 4Tx codebook with PUSCH mode 3-2 in terms of both cell average and cell edge throughputs for the closely-spaced XPOL setup while for the widely-space antenna setup, codebook proposals [7][9] also offer additional gain (smaller as compared with the closely-space antenna setup) over the legacy Release 10 4Tx codebook.
In [9], different beams are used for two different polarizations.  This design is different from the design used for the Release 10 8Tx codebook, where the same beams are used for two different polarizations. As observed from Table 1 and Table 2, such design does not offer any obvious advantages over the design used in the Release 10 8Tx codebook.   Hence, we propose that the same beams should be used for two different polarizations. 
Table 1 System Level Simulation Results for 100% Outdoor UEs with 
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antenna spacing
	
	Average Cell

Throughput
	Gain
	Cell-edge User

Throughput
	Gain

	Rel10 CB
	2.2273
	0.0%
	0.0590
	0.0%

	Source 1 [7] 

Option 1
	2.2464
	0.9%
	0.0604
	2.4%

	Source 1 [7] 
Option 2
	2.2554
	1.3%
	0.0602
	2.0%

	Source 2 [8]
	2.2388
	0.5%
	0.0594
	0.7%

	Source 3 [9]
	 2.2487
	1.0%
	0.0596
	1.0%


Table 2 System Level Simulation Results for 100% Outdoor UE with 
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antenna spacing 
	
	Average Cell

Throughput
	Gain
	Cell-edge User

Throughput
	Gain

	Rel10 CB
	2.2062
	0.0%
	0.0567
	0.0%

	Source 1 [7]
Option 1
	2.2087
	0.1%
	0.0574
	1.2%

	Source 1 [7]
Option 2
	2.2209
	0.7%
	0.0576
	1.6%

	Source 2 [8]
	2.2035
	-0.1%
	0.0562
	-0.8%

	Source 3 [9]
	2.2166
	0.5%
	0.0577
	1.8%


4 Conclusion
In this contribution, we discuss enhanced 4-Tx codebook deigns and present system level simulation results for several 4-Tx codebook proposals.  Based on our study, we further make the following proposals for consideration:

Proposal 1:  For
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, the parameter 
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is 16 or 32; orthogonal beams in a beam group should be used; the number 
of overlapping beams among different beam groups is 1 or 2.  
Proposal 2:  The codebook size of 
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should be determined based on the system level evaluation results in both 
closely- and widely-spaced antenna configurations.
Proposal 3:  The same beams should be used for two different polarizations. 
References
[1] Chairman's Notes RAN1#72bis – final, Chicago, USA, April, 2013. 
[2] R1-131392, “Design and configuration of an enhanced 4Tx codebook,” Qualcomm, April 2013.
[3] R1-130850, “A proposal for four-antenna-port codebook”, Samsung, April 2013.
[4] R1-130855, “Four antenna port codebook”, Ericsson, ST-Ericsson, April 2013. 
[5] RP-121416, “Further Downlink MIMO Enhancement for LTE-Advanced”, RAN#57, Chicago, USA, Sep. 4-12, 2012.  
[6] R1-130843, “Codebook Proposal for Further DL MIMO Enhancement”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell.
[7] R1-131802, “A proposal for four-antenna-port codebook”, Samsung, May 2013.
[8] R1-131806, “DL MIMO Codebook Proposal”, Ericsson, May 2013.
[9] R1-131795, “Further details of 4Tx codebook structure for DL MIMO enhancement”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell.
Appendix: 
Table 3 Simulation Evaluation Assumptions

	Scenarios and Parameters
	Assumptions 

	Channel model/Deployment scenarios
	ITU Uma, Scenario A

	Indoor/Outdoor UE Distribution
	100% outdoor   

	eNB antenna configuration
	4 Tx with 0.5 λ spacing; X-Pol: ± 45 degrees

4 Tx with 4 λ spacing; X-Pol: ± 45 degrees

	Tx Power at eNB
	46 dBm 

	UE antenna configuration 
	2 Rx with 0.5 λ spacing; X-Pol: ± 45 degrees

	UE Density
	10 UE per Macro cell with uniform distribution

	UE Speed
	3 km/h

	Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	Downlink transmission scheme
	SU-MIMO Only 

	Feedback periodicity 
	5 ms

	Feedback delay
	5 ms

	Feedback Mode
	PUSCH Mode 3-2

	Sub-band granularity
	6 RBs

	Traffic model
	Full-buffer 

	Scheduler 
	PF in time and frequency 

	HARQ limits
	4 

	Rank adaptation
	Rank 1/2 transmission for SU-MIMO 

	Time misalignment error (TAE)
	None 
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