
3GPP TSG RAN WG1 Meeting #78bis
R1-143884
Ljubljana, Slovenia, 6th – 10th October 2014
Agenda item:
7.3.3.2
Source: 
Samsung
Title: 
TXRU Modeling and Antenna Virtualization for FD-MIMO
Document for:
Discussion and Decision

1 Introduction

According to the agreement in RAN#65 on elevation BF and FD-MIMO SI [1], the following topics are to be discussed starting from RAN1#78bis:
· Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.
· Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.
· Decide how to model virtualization of antenna elements per single TXRU. 
· Identify target operating frequency range considering practical antenna size limitations.

· Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.
· Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array.
This contribution discusses radio architecture of generic active antenna arrays and TXRU modeling.
2 Radio architecture of Generic Active Antenna Systems
Radio architecture is implementation-specific, and hence it seems that RAN1 does not need to agree on specific architecture. However, as performance of FD-MIMO systems is dependent upon architecture, it can be beneficial for RAN1 to agree on a simple architecture for studying the performance of various FD-MIMO schemes in the SI. 

Observation: TXRU to antenna mapping and corresponding virtualization is implementation-specific.

In traditional LTE evaluation assumptions modeling passive antenna base stations, TXRUs are one-to-one mapped to logical antenna ports such as CRS or CSI-RS ports, and are also one-to-one mapped to passive antennas placed on a horizontal axis. Here, the passive antenna may comprise multiple antenna elements placed on a vertical axis, in which case a time-invariant and common antenna virtualization precoding is applied to feed these passive elements. 
However, in active antenna base stations with a large number of TXRUs, one-to-one mapping relations do not hold in general. Figure 1 is generic AAS radio architecture described in the latest version of RAN4 TR 37.842 [2]. M logical antenna ports (not shown in the figure) feed K TXRUs, and then the TXRU array feeds L 2D antenna elements through radio distribution network, where typically M ≤ K ≤ L.
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Figure 2 TXRU to antenna-element mapping: an example
Figure 2 illustrates an example TXRU to antenna-element mapping of an AAS comprising 16 TXRUs, for feeding a 2D antenna array, where each TXRU feeds 4 antenna elements through a feed network (or TXRU antenna virtualization). For FD-MIMO operations, 16 TXRUs can be utilized for DL precoding and UL receiver and channel sounding operations. . 

For TXRU antenna virtualization, various methods can be considered. One simple example is to use a phase shifter array, so that a DFT weight vector such as the one defined in the 3D channel modeling TR [3], i.e., 
[image: image3.wmf]÷

ø

ö

ç

è

æ

-

-

=

etilt

V

m

d

m

j

K

w

q

l

p

cos

)

1

(

2

exp

1

, can be applied on the antenna elements. Another example is to use an array of a variable gain amplifier (VGA) and a phase shifter combination, in which case more flexible antenna virtualization can be applied. 
As previously mentioned, TXRU antenna virtualization will be implementation-specific. Hence, for studying different FD-MIMO schemes it would be sufficient to consider a simple and realistic one that can capture the performance advantages of the FD-MIMO schemes. With this understanding, the following is proposed for the TXRU virtualization.

Proposal 1: For antenna virtualization of K elements fed by each TXRU, the DFT weight agreed in 3D channel modeling TR [3] is applied with 
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Figure 3 Two example TXRU to element mapping methods

In general, the TXRUs can feed any number of antenna elements in the 2D antenna array. Two example methods of TXRU to element mapping are shown in Figure 3. In one example illustrated in Figure 3(a), total number of antenna elements in the column is eight, and the antenna elements are partitioned into two groups of four elements; then the two TXRUs are one-to-one mapped to the two groups. In another example illustrated in Figure 3(b), total number of antenna elements in the column is eight, and the two signals from the two TXRUs are added at each of the eight antenna elements. 
When the DFT weight vectors are applied to construct a feed network for a TXRU, the corresponding elevation beam width is determined dependent upon the number of elements fed by the TXRU. Because the number of elements fed by each TXRU is smaller with subarray partition than with fully-connected, the elevation beam width with subarray partition will be wider than that of fully-connected, as illustrated in Figure 3. 
Depending on which architecture is used, either subarray or fully-connected, different CSI acquisition methods can be implemented. First, if subarray architecture is used, multiple (S) vertical antenna ports per column are constructed, where the same beam pattern is used for all the S antenna ports. This can be seen as a natural extension of 1D antenna CRS/CSI-RS beams in azimuth domain to those in elevation domain. In this case, FD-MIMO operation for obtaining CSI in the elevation domain will be similar to that for obtaining CSI in the azimuth domain, e.g., either via UL sounding or UE feedback. On the other hand, when fully-connected architecture is used, full elevation beamforming gain has already been exploited via the DFT virtualization precoding. Hence the only way for eNB to obtain elevation CSI is to provide multiple beams with different steering (or downtilt) angles, and either ask UE to feedback best beam index, or estimate it via UL sounding. 

Both architectures are likely to have their own pros and cons, and may require different implementation and standardization challenges. Hence, it is proposed to study both architectures during the SI. 
Proposal 2: Study pros & cons, and implementation & standardization challenges for both subarray partitions and fully-connected architectures. 
According to the SI description [1], eight TXRU’s should be utilized in phase 1 evaluation, and each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array. The only missing assumption is TXRU to antenna element mapping and virtualization. Naturally, the eight TXRU will feed 4 columns of 2D x-pol array, and each TXRU will feed a column of x-pol antenna array with a same polarization. In addition, Proposal 1 can be used for the virtualization.
3 Conclusion
This contribution has reviewed issues regarding TXRU to antenna port mapping and antenna virtualization. This contribution has made the following observation and proposal.

Observation 1: TXRU to antenna mapping and virtualization is implementation-specific.

Proposal 1: For antenna virtualization of K elements fed by each TXRU, the DFT weight agreed in 3D channel modeling TR [3] is applied with 
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Proposal 2: Study pros & cons, and implementation & standardization challenges for both subarray partitions and fully-connected architectures. 
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