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1. Introduction
In the RAN#70 meeting, a work item on Enhancements on Full-Dimension (FD) MIMO for LTE was approved [1]. The detailed objectives are as follows. 
· Specify enhancements on reference signal in the following areas 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
· Extend specification support for CSI reporting in the following areas 
· Codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, both 1D and 2D
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
For the design of codebook(s) associated with the newly supported number of non-precoded CSI-RS ports for a subset of possible port layouts, many companies proposed Rel. 13 Class A codebook as a basis of codebook extension. Since Rel. 13 Class A codebook is quite flexible to support various port layout configuration, it is very natural to do so. However, there is a potential problem of the Rel. 13 Class A codebook especially for a large number of ports due to narrower half power beamwidth (HPBW). As discussed in [2]-[6], as number of antenna port increases, the DFT beams gets narrower. Generally speaking, the HPBW and number of antenna ports are in inverse proportion to each other.
In this contribution, we summarized proposed solutions in [2]-[6], and introduce one alternative solution to solve the problem of narrow beam width codebook.
2. Summary of proposed solutions in [2]- [6]
In case of DFT or progressive phase shift based beamforming, larger number of ports results in narrower HPBW with larger beamforming gain. In this case, a number of codebook entries to cover same angular directions or angular spread grows linearly with the number of antenna port increases. A problem may be caused by this fact. For example, according to Rel. 13 Class A codebook, the number of codebook entries in one direction is Od∙Nd where Nd is the number of port and Od is the DFT oversampling factor in d direction. In order to reduce overhead and/or complexity, two stage codebook is adopted in Rel. 13 Class A codebook where UE feedbacks a wideband long-term codebook information i1 and a narrowband short-term codebook information i2. Note that, more importantly, the direction of beam using short-term codebook information i2 is limited by the wideband long-term codebook information i1. The limitation is depending on Codebook-Config value as in Table 1. 

[bookmark: _Ref449970625]Table 1 Possible indices i1,1 and i1,2 indicated by i2 for 1-layer CSI reporting
	Codebook-Config
	Range of i1,d
	Possible indices of i1,1 and i1,2 indicated by i2

	
Config1 
	0,1,…, Od∙Nd -1
	i1+(0,0)

	
Config2 
	0,1,…, Od∙Nd/2 - 1
	2i1+(0,0), 2i1+(1,0), 
2i1+(0,1), 2i1+(1,1)

	
Config3 
	0,1,…, Od∙Nd/2 - 1
	2i1+(0,0), 2i1+(2,0), 
2i1+(1,1), 2i1+(3,1)

	
Config4
	0,1,…, Od∙Nd/2 - 1
	2i1+(0,0), 2i1+(1,0), 
2i1+(2,0), 2i1+(3,0)



Due to the fact that Codebook-Config is not changing according to the HPBW of the DFT beam, the overall angular coverage of Class A codebook decreases as Od∙Nd increases. In other words, the narrow beam provided by increased number of ports may not be able to capture the channel angular spread (AS) within four adjacent beams. Several solutions were discussed in [2]-[6], and summarized as in below. 
1. More than 4 beams in a beam group [2][4][5]
2. New Codebook-Config/Codebook Subset Restriction [2][3][4][5][6] 
3. Smaller oversampling factor [2][3]
Basically, new Codebook-Config option together with more beams in a beam group or smaller oversampling factor aims the same purpose which is to widen the angular coverage without overhead increase. Note that if we only take a look at a single direction, those two options are very similar. Also note that increasing number of beams in a beam group without additional mechanism such as new Codebook-Config may results in PUCCH capacity problem [5]. 
3.  Beam Broadening
One of concern using smaller oversampling factor was uneven array gain across different AoD [2]. In this section, we introduce an alternative solution to widen the angular coverage without overhead increase and without uneven beamgain using a beam broadening technique.  The need for antennas having wide beam patterns, as opposed to pencil beam ones, arises in many civil and military  applications, including satellite communications, terrestrial wireless networks, and radar systems [8]. 
Typically, DFT or progressive phase shift based beamforming has the property where the radiated fields due to all array elements add constructively in the main beam direction, while the addition is mainly destructive in all other directions. Basic principle of beam broadening is supplying additional phase to reduce the possibility of constructive addition of all the contributions of the array elements. 
[image: ][image: ]
Figure 1 Example of Beam Broadening
As expected, the beam gain of the main lobe is reduced as HPBW increases. However, it does not mean UE lose that much since the eNB beamforming can capture more channel component than narrow beam. Note that since beam broadening is done by addition of phase values in different antenna ports, a direction of a beam is not changed. Moreover a single beam broadening pattern on top of Class A codebook provides similar effect to different beam index. 
4. Performance Comparison
For evaluation the non-full buffer traffic model was used with a packet size of 0.5Mbytes. Three traffic loading factors were used to achieve the resource utilization of approximately 20%, 40% and 60%. The other simulation assumptions are provided in the Appendix.
In Table 2 and Table 3 the performance of Class A codebooks with 32 antenna ports for {2,8,2} port layout is provided for UMa and UMi scenario respectively. For the baseline Rel.13 Class A codebook was assumed with codebook Config. = 2, and {O1,O2} = {4,4}. Performance of baseline codebook was compared with following alternatives:
· Alt. 1: increased number of beams in grid of beams in horizontal dimension from 2 to 4
· Alt. 2: decreased step between adjacent grid of beams in horizontal dimension from 2 to 1
· Alt. 3: reduced oversampling factor in horizontal dimension from 4 to 2



[bookmark: _Ref450805719]Table 2 Comparison of codebooks with different parameters for UMi scenario
[image: ]

[bookmark: _Ref450805727]Table 3 Comparison of codebooks with different parameters for UMa scenario
[image: ]
From Alt. 1, 2 performance it can be seen that there no noticeable gains from doubling size of the grid of beams or decreasing step between adjacent grids while codebook in this cases have twice number of codewords comparing to baseline. Alt.3 has twice less size of the codebook but performance of this option is slightly worse than performance of the baseline codebook. The small performance gains are mainly explained by the relatively small angular spread of the 3D channel models that would result to the high correlation channel. In practice high correlation channel may not be always observed. So proper definition of the scenario is required for evaluation of the enhancement.
Conclusions
In this contribution, we discussed a potential problem of Rel. 13 Class A codebook for supporting the newly supported number of non-precoded CSI-RS ports. The cause of the problem is that a number of codebook entries to cover same angular directions or angular spread grows linearly with the number of antenna port increases. We summarized proposed solutions in [2]-[6] which try to widen the angular coverage without overhead increase. Moreover, we introduced one alternative solution to solve the problem of narrow beam width codebook using a beam broadening technique. Some evaluation results are also provided.
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Appendix
	Parameter
	Value

	Scenario
	3D-UMi, ISD = 200 m (homogeneous)
3D-UMa, ISD = 500 m (homogeneous)
Geographical distance based wrapping

	eNB antenna configuration
	URA X-pol, slants -45/+45 degree, 32 TXRUs, 2x8 port layout
0.5-wavelength horizontal spacing
0.8-wavelength vertical spacing
4x1 subarray per TXRU

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	Traffic model
	FTP model 1, S=0.5 Mbyte packet size

	Cell association
	CRS antenna port 0, mapped to the two vertical TXRUs
Handover margin = 3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	CSI feedback
	[bookmark: _GoBack]Mode 3-2 with 5 ms periodicity

	CRS configuration
	Colliding across all modelled cells

	Transmission mode
	TM10

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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Trafficload (A) 21
GoB design Baseline | Alt1 Alt2 Alt3
Ut average |_Average 41.09[ 4128 (0%)[ 4118 _(0%)] 40.75_(-1%)
packet | 5%ofCOF |  17.05[1718 (1%)[ 17.03_(0%)| 16.68 (-2%)
throughput, [ 50% of COF | 43.42] 43.89 (1%)] 4349 (0%)[ 42.80 (-1%)
Mbps _[95% of CDF | 55.81] 55.81 (0%)| 55.81 (0%)| 55.81 (0%}
RU 9% 19% 19% 19%
Trafficload (A) 3.5
GoB design Baseline | Alt1 Alt2 Alt3
Ut average |_Average 30.66] 30.85 _(1%)| 30.72_(0%)] 30.26 (-1%)]
packet | 5% of COF 298] 906 (1%)] 9.04 (1%)] 880 (-2%)
throughput, [ 50% of COF | 28.07] 28.28 (1%)] 28.16 _(0%)[ 27.34_(-3%)
Mbps [ 95% of CDF | 55.67| 55.68_(0%)| 55.68 _(0%)| 55.66 (0%}
RU 0% a0% 0% 0%
Trafficload (A) 48
GoB design Baseline [ Alt1 Alt2 Alt3
Ut average |_Average 20.07] 2038 (2%)[ 2017_(0%)] 19.32_(-4%)
packet | 5% of COF 388 401 (3%)| 401 (3%)| 3.66 (-6%)]
throughput, [ 50% of COF | 15.57] 15.93_(2%)] 1569 (1%)[ 14.77 (-5%)
Mbps [ 95% of CDF | 55.22[ 55,26 _(0%)[ 55.26 _(0%)| 54.19 (-2%)}
RU 66%| 6% 66% 68%
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Trafficload (A) 21
GoB design Baseline | Alt1 Alt2 Alt3
Ut average |_Average 37.30 37.52_(1%)| 37.38_(0%)] 36.97 (-1%)]
packet | 5%ofCOF |  13.50[ 1357 (1%)] 13.65 (-1%)| 13.31 (-1%)
throughput, [ 50% of COF | 37.18] 37.36_(0%)] 37.15_(0%)[ 36.93 (-1%)
Mbps _[95% of CDF | 55.78| 55,78 (0%)| 55.78_(0%)| 55.77_(0%)}
RU 2% 1% 2% 2%
Trafficload (A) 3.5
GoB design Baseline | Alt1 Alt2 Alt3
Ut average |_Average 28.47] 2864 _(1%)[ 28.53_(0%)] 28.02 (-2%)
packet | 5% of COF 832] 837 (1%)] 830 (0%)] 817 (-2%)
throughput, [ 50% of COF | 25.2] 25,53 _(1%)] 2539 (1%)[ 24.66_(-2%)
Mbps [ 95% of CDF | 55.55| 55.57_(0%)[ 55.55 (0%)| 55.55 (0%}
RU 39%|  39% 39% 0%
Trafficload (A) 48
GoB design Baseline [ Alt1 Alt2 Alt3
Ut average |_Average 17.38[ 17.08_(0%)| 17.59 _(1%)] 16.62 (-4%)|
packet | 5% of COF 3.50( 354 (1%)| 3.63 (4%)| 3.30 (-6%)]
throughput, [ 50% of COF | 13.19] 13.12 (-1%)| 1348 (2%)[ 1243 (-6%)
Mbps _[95%of COF | 47.04[ 47.91 (1%)| 47.60 (0%)| 46.72 (-2%)}
RU 676  67% 7% 69%
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