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1. Introduction

A proposal for improving uplink multiplexing capacity was discussed at the GERAN2#47bis meeting [1]. This document elaborates further on the idea and discusses the benefits.
2. Discussion
An assumption about MTC application layer and transport layer protocols were agreed for the purpose of the feasibility study. While common simulation assumptions are essential for the feasibility study, which allow for easier comparison of simulation results, it is inappropriate to assume that MTC applications will be implemented in a certain way. The radio network will have no knowledge of transport and application protocols in use for MTC communications in general. It is therefore highly likely that extended uplink TBF feature will be required for MTC communications. The extended uplink TBF allows a single uplink TBF to be kept on during application transactions that may require acknowledgments and re-transmissions. Without the use of extended uplink TBF there may be need for MTC device to establish several uplink TBFs for a single transaction with MTC server.
TBF operating in extended uplink TBF mode enters an inactivity state in which there are no data available for transmission. This state is shown as USF_idle on Figure 1. It can be seen from the figure that for a short data transmission it is possible that all USF values are used by TBFs in the idle state and therefore the uplink capacity is reduced.
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Figure 1 - Uplink PDCH Utilization
3. Analysis

3.1 Uplink Efficiency
In order to address the capacity issue, it is necessary to make some simplifying assumptions. The following is consider in the analysis
· Only homogenous MTC devices are sharing a single uplink PDCH;

· They are transmitting (on average) the same amount of data in each connection;

· All MTC connections are independent;

· The single USF multiplexing mechanism [1] can schedule other MTC devices (TBFs) on the same uplink PDCH during the inactivity periods of TBFs which share USF;

· CS-1 providing ~20 octets of data payload per RLC block is used.

The probability that the uplink is completely idle of N simultaneous uplink TBFs is given by
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Where:
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Tidle (USF_idle on Figure 1) is the inactivity period during which the network keeps uplink TBF alive. Tactive refers to the time needed for data transfer, Tactive = MTC data size / average data rate. The average data rate is the data rate provided by CS-1 evenly shared between N TBFs.
The maximum possible efficiency is given by
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Figure 2 and Figure 3 show maximum efficiency for Tidle of 3.5 second and 1.25 second respectively. The existing mechanism which allows multiplexing of 8 TBFs on a single uplink PDCH is compared against the cases when 4 TBFs share a single USF value. As can be seen from the figures, the maximum efficiency increases significantly especially for very small average data volumes.
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Figure 2 - Maximum efficiency for Tidle = 3.5s

[image: image6.wmf]0

0.2

0.4

0.6

0.8

1

1.2

20

40

60

80

100

120

140

160

M

a

x

i

m

u

m

 

E

f

f

i

c

i

e

n

c

y

Average MTC Data Xfer (bytes)

Existing mechanism

With UL Mux (4)


Figure 3 - Maximum efficiency for Tidle = 1.25s
Note that for higher coding schemes (e.g. MCS-5) the inefficiency will be worse.  
3.2 Connection Rejection Due to Lack of USFs

The multiplexing of TBFs with single USF value has also advantages in terms of connection rejection in resource limited scenarios. To evaluate the benefits we assume that a connection is rejected if there are no free USF values on the resources at the time that a successful RACH access has been made by a MTC device. 
The following assumptions are taken:
· The network is free to allocate any USF on any free uplink PDCH;

· For the existing mechanism there are 8 free USF values;

· For the single USF uplink multiplexing mechanism there are the equivalent of 32 USF values per PDCH as we can multiplex 4 MTC devices onto one USF;

· Connection attempts (successful RACH accesses) are modelled with a negative exponential inter-arrival time with a static average load.

A simulation was performed using 200,000 seconds of arrival attempts at each average load point and the following scenarios are compared:

· 1 PDCH is available using legacy mechanisms

· 2 PDCHs are available using legacy mechanisms

· 4 PDCHs are available using legacy mechanisms

· 1 PDCH is available using single USF uplink multiplexing (4 devices/USF)

The simulation results are shown in Figure 4. The multiplexing of 4 devices on one USF and one PDCH has the same performance as legacy mechanism on four PDCHs. In the case of one PDCH using legacy mechanism, significant gains can be achieved for the same connection rejection probability. With the single USF multiplexing mechanism, the 2% connection rejection probability is reached with nearly 20% more load in the case of only 1 PDCH being available. Naturally, the gain is reduced as the amount of resources available for MTC devices increases.
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Figure 4 - Connection Rejection Probability 
against load for MTC Uplink Connections
4. Conclusions
This document discusses the uplink efficiency in perspective of MTC communications when amounts of data transmitted are expected to be rather low. The uplink inefficiency is caused by blocking the uplink resource by idle TBFs operating in extended uplink TBF mode. It should not be assumed that extended uplink TBF mode will not be a default mode for MTC communication as any assumption regarding transport layer and application layer protocols are very difficult or nearly impossible to make. The uplink efficiency can be significantly increased if the multiplexing capacity of the system is improved. The improved multiplexing capacity of the system has also advantage in terms of reducing the number of connection rejection messages.
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