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1 Introduction
In this contribution, we consider an antenna grouping scheme for pattern/polarized antennas for future massive MIMO system that reduces the channel feedback overhead.
2 Observation
Recently, as the number of antennas grows, the amount of feedback gives a serious overhead to communication system. Especially, feedback problem is crucial in Massive-MIMO since Massive-MIMO requires a very large number of antennas to generate various beam patterns. To reduce the amount of feedback in Massive-MIMO system, antenna grouping scheme (AGS) was proposed [1]. In AGS, the antennas are grouped based on pre-designed way. When a UE has to report the channel state information (CSI), it aggregates the channel gain of grouped antennas and feeds back the aggregated CSI. The illustration example is in Fig. 1. 
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Figure 1. Operation of Antenna Grouping Scheme (AGS)

In Fig. 1, there are 16 antenna elements, antenna #1-#16. A UE estimates channels of 16 antennas. However, in feedback, the UE reports only 4 value, which are aggregated CSI of antenna group #{1,2,5,6}, #{3,4,7,8}, #{9,10,13,14} and #{11,12,15,16}. By using AGS, the system can reduce the amount of feedback.
In AGS, it is important to determine the pre-designed group. In this contribution, we consider the grouping of pattern/polarization antennas for MIMO transmission. Pattern/polarization antenna refers to an antenna which has its own radiation pattern, compared to omnidirectional antenna. In our companion contribution, we propose the usage of various pattern/polarization antenna elements and suggest pattern/polarization beam division multiple access (P2BDMA). In a P2BDMA system, antenna elements which have same radiation pattern generate pattern sectors according to their radiation direction. In other words, antenna elements which have different radiation pattern generate pattern sector in another direction. For example, consider 2-antenna group case. In this case, one antenna group radiates to -15 elevation degree while the other group radiates to -60 degree. Since the antenna elements have different radiation direction, it is efficient to reduce inter-beam interference. From the perspective of a UE, the UE prefers particular pattern/polarization according to its channel environment.
Observation 1: Based on antenna grouping scheme, the amount of feedback for MIMO service can be reduced.

Observation 2: From the perspective of a UE, the UE prefers particular pattern/polarization according to its channel environment.
3 Pattern/polarization antennas in AGS
Based on the observation, we consider the usage of pattern/polarization antennas in AGS for Massive-MIMO system. We group the pattern/polarization antennas which have the same radiation pattern. The UE selects the appropriate pattern/polarization according to the channel information and then only reports the selected pattern/polarization property. In Fig. 2, there are 16 antenna elements and 4 antenna groups: {1, 3, 9, 11}, {2, 4, 10, 12}, {5, 7, 13, 15} and {6, 8, 14, 16}. Each antenna group has the same pattern/polarization property. In this example, the UE only feedbacks CSI for second pattern: {2, 4, 10, 12}.
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Figure 2: Antenna Grouping Scheme using Pattern/Polarization Antennas
In future Massive-MIMO system, we may need to consider various antenna elements that utilize various radiation pattern/polarization, or some other antenna characteristics. From the perspective of an individual UE, it is not necessary to feedback channel information for all the antennas in the base station.
By using AGS with pattern/polarization, the system can use different pattern/polarization on the same time/frequency resource as shown in Fig. 3. Similar with resource reuse in space domain, the system can use pattern/polarization property in resource allocation.
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Figure 3: Resource reuse in view of beam (space) and pattern/polarization

4 Conclusions
In this contribution, we considered antenna grouping scheme using pattern/polarization antenna. Based on the observations, we draw following conclusion:
· Antenna grouping based on Pattern/polarization may reduce channel feedback for future Massive-MIMO system
References
[1] B. Lee, J. Choi, J.-Y. Seol, D.J. Love and B. Shim “Antenna Grouping based Feedback Reduction for FDD-based Massive MIMO Systems,” IEEE ICC 2014, pp.4477-4482, Jun. 2014.[image: image4.png]


[image: image5.png]



PAGE  
1

Frequency
Time
G

Beam (space)
Pattern/ Polarization



#1
#2
#5
#6
#7
#8
#4
#3
#9
#10
#13
#14
#15
#16
#11
#12



Channel
Aggregated channel of #{1,3,9,11} (1st pattern)
Aggregated channel of #{2,4,10,12} (2nd pattern)
Aggregated channel of #{5,7,13,15} (3rd pattern)
Aggregated channel of #{6,8,14,16} (4th pattern)
* Antenna #{1,3,9,11}, #{2,4,10,12}, #{5,7,13,15} and #{6,8,14,16} have same pattern/polarization property, respectively.
Selection
Feedback



#1
#2
#5
#6
#7
#8
#4
#3
#9
#10
#13
#14
#15
#16
#11
#12
Group 1
Group 2
Group 3
Group 4



Channel
Feedback
Aggregated channel of #{1,2,5,6}
Aggregated channel of #{3,4,7,8}
Aggregated channel of #{9,10,13,14}
Aggregated channel of #{11,12,15,16}



