
3GPP TSG RAN WG1 Meeting #80
R1-150372
Athens, Greece, 9th – 13th February 2015
Agenda item:
7.2.4.1
Source: 
Samsung

Title: 
Discussions on TXRU architectures
Document for:
Discussion and Decision
1 Introduction
In RAN1#79, 2D subarray-partition and full-connection TXRU models have been introduced in addition to the corresponding 1D TXRU models. This contribution analyzes tradeoff of these different architectures.
2 Tradeoff Analysis of TXRU Architectures
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Figure 1 TXRU modelling options with 1D TXRU virtualizations [1]
1D TXRU virtualization options are illustrated Figure 1, where option 1 is subarray partition, and option 2 is full connection. Relevant lossy hardware components for these two architectures are summarized below:

· 1-to-K signal splitters and traces

· Phase shifter array / variable gain amplifier (VGA) array

· MTXRU signal adders

Lossy components may result in less power efficiency, which will increase operating expense. Hence, it would be desirable to minimize the power loss caused by the lossy components. 

Signal splitters split signals into multiple branches. In typical implementation of signal splitters, two-way splitters are cascaded in multiple levels until desired number of split signals is attained. For example, in order to split a signal into 8 signals, 3-level of two-way splitters are cascaded, and total 7 two-way splitters are used. Each two-way splitter introduces losses, and hence in general the larger number of split branches, the larger loss. In addition, more branches imply that more and longer traces have to be drawn on the PCB, which may end up increasing base station form factor and hardware cost as well as the insertion power loss. Moreover, signal splitters also introduces phase errors in the branches, which have to be calibrated every once in a while; the phase errors on the signal splitters may result in wrong TXRU virtualization results. In general, calibration complexity increases like B2 as number of branches B increases. 
The phase-shifter and VGA array, and signal adders also introduce power loss. Among these components, the power loss of signal adders depends upon how much signals are in-phase; as most likely different TXRUs are fed by different signals, the signals are not going to be in-phase, and the power loss increases as more signals are added up at the adder. It is also noted that adders are necessary only for full-connection architecture; this may give us some advantage in terms of power efficiency to the subarray partition architecture. 

3 Conclusion
This contribution has examined tradeoff of TXRU virtualization options, and has made the following observations:

Observation:

· When a TXRU is fed by a large number of antenna elements, multiple issues arise:

· Low power efficiency; 

· High operation expense;

· High calibration complexity;
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