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Multiplexing Radio Blocks in the Uplink - Performance Evaluation
1 Introduction

In [1] the concept of multiplexing radio blocks in the uplink is described.

This document provides some link level simulation results for the concept.

2 BTS receiver model
Figure 1 shows the block diagram of an SIC receiver used for uplink virtual MIMO simulations. The same MRC/IRC receiver used for single-user reception is taken for the demodulation of both the strong user and the weak user without any modification.

The complexity of strong user detection and interference cancellation is very low comparing to traditional single-user demodulation, hence the overall complexity of the receiver is roughly doubled comparing to the single-user receiver.
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Figure 1.  Block diagram of an SIC receiver

3 Performance Evaluation
3.1 Overview
Two antenna configurations have been simulated and compared against each other: 1x2 for the legacy single-user case, and 2x2 for the dual-user (uplink virtual MIMO) case. The TX and RX antenna correlations were both assumed to be 0.

Interference (VUTS-1) simulations as well as sensitivity simulations have been performed. In the single-user case an MRC receiver has been assumed for the sensitivity scenario and an IRC receiver for the interference-limited scenario. In the dual-user case the SIC receiver described in section 2 has been assumed.
For any MCS-x simulated in the single-user case, the (MCS-x + MCS-x) combination has been simulated for the dual-user case. In addition, the (MCS-1 + MCS-5) combination has been simulated to show the performance of a mixed modulation configuration.
3.2 Simulation assumptions
The detailed simulation assumptions are listed in Table 1.
Table 1.  Simulation assumptions
	Parameter
	Value

	Link direction
	Uplink

	Frequency band
	900 MHz

	Interference profile
	Sensitivity, VUTS-1

	Channel propagation
	TU50noFH

	Antenna configuration (#TX x #RX)
	1x2 (single-user)

2x2 (dual-user)

	SCPIR[dB]:
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	0

	Modulation and coding scheme
	MCS-x + MCS-x, x = 1, 2, 3, 5, 7, 9

MCS-1 + MCS-5

	Training sequence
	1x2: TSC 0 in TSC Set 1
2x2: TSC 0 in TSC Set 1 + TSC 0 in TSC Set 2

	Tx antenna correlation
	0.0

	Rx antenna correlation
	0.0

	Backoff
	No

	Receiver for 1x2 antenna configuration
	MRC for sensitivity

IRC for VUTS-1

	Receiver for 2x2 antenna configuration
	SIC, see section 2


3.3 Sensitivity performance
Figure 2 shows the sensitivity performance for MCS-1, MCS-5 and their dual-user combinations: (MCS-1 + MCS-1), (MCS-1 + MCS-5) and (MCS-5 + MCS-5).
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Figure 2.  Performance for MCS-1 and MCS-5, sensitivity, TU50noFH (Resolution of the x-axis is 5 dB per tick)
The performance loss for a user in the dual-user scenario when comparing to that in the single-user scenario is summarized in Table 2.

Table 2.  Summary of performance loss for MCS-1 and MCS-5, sensitivity, TU50noFH
	MCS combination
	Performance loss of MCS-1 @ BLER=10% (dB)
	Performance loss of MCS-5 @ BLER=10% (dB)

	MCS-1 + MCS-1
	1.5
	/

	MCS-1 + MCS-5
	4.8
	3.7

	MCS-5 + MCS-5
	/
	4.4


It can be seen that the link level performance degradation is quite small when pairing two MCS-1 signals, but is more obvious when pairing two MCS-5 signals. The loss of MCS-1 is notably larger in the GMSK/8-PSK combination than that in the GMSK/GMSK combination. The reason is that when multiplexing a GMSK modulated signal with an 8-PSK modulated signal with equal transmission power, the former is always detected as the strong signal by the SIC receiver and hence no interference cancellation is performed for it. On the other hand, the 8-PSK signal is always favoured in this case in that the accuracy of signal reconstruction is improved by going through the interference cancellation module.
Figure 3 to Figure 6 show the sensitivity performance for some other MCSs.
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Figure 3.  Performance for MCS-2, sensitivity, TU50noFH (Resolution of the x-axis is 5 dB per tick)
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Figure 4.  Performance for MCS-3, sensitivity, TU50noFH (Resolution of the x-axis is 5 dB per tick)
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Figure 5.  Performance for MCS-7, sensitivity, TU50noFH (Resolution of the x-axis is 5 dB per tick)
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Figure 6.  Performance for MCS-9, sensitivity, TU50noFH (Resolution of the x-axis is 5 dB per tick)

The performance loss for equal modulation multiplexing in the sensitivity scenario is summarized in Table 3.

Table 3.  Summary of performance loss, equal modulation, sensitivity, TU50noFH
	MCS combination
	Performance loss of MCS-x @ BLER=10% (dB)

	MCS-1 + MCS-1
	1.5

	MCS-2 + MCS-2
	1.9

	MCS-3 + MCS-3
	2.9

	MCS-5 + MCS-5
	4.4

	MCS-7 + MCS-7
	5.3

	MCS-9 + MCS-9
	8.3


3.4 Interference limited performance
Figure 7 shows the VUTS-1 performance for MCS-1, MCS-5 and their dual-user combinations: (MCS-1 + MCS-1), (MCS-1 + MCS-5) and (MCS-5 + MCS-5).
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Figure 7.  Performance for MCS-1 and MCS-5, VUTS-1, TU50noFH (Resolution of the x-axis is 5 dB per tick)

The performance loss for a user in the dual-user scenario when comparing to that in the single-user scenario is summarized in Table 4.

Table 4.  Summary of performance loss for MCS-1 and MCS-5, VUTS-1, TU50noFH
	MCS combination
	Performance loss of MCS-1 @ BLER=10% (dB)
	Performance loss of MCS-5 @ BLER=10% (dB)

	MCS-1 + MCS-1
	5.0
	/

	MCS-1 + MCS-5
	13.3
	5.7

	MCS-5 + MCS-5
	/
	6.8


Figure 8 to Figure 11 show the VUTS-1 performance for some other MCSs.
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Figure 8.  Performance for MCS-2, VUTS-1, TU50noFH (Resolution of the x-axis is 5 dB per tick)
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Figure 9.  Performance for MCS-3, VUTS-1, TU50noFH (Resolution of the x-axis is 5 dB per tick)
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Figure 10.  Performance for MCS-7, VUTS-1, TU50noFH (Resolution of the x-axis is 5 dB per tick)
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Figure 11.  Performance for MCS-9, VUTS-1, TU50noFH (Resolution of the x-axis is 5 dB per tick)
The performance loss for equal modulation multiplexing in the interference limited scenario is summarized in Table 5.

Table 5.  Summary of performance loss, equal modulation, VUTS-1, TU50noFH
	MCS combination
	Performance loss of MCS-x @ BLER=10% (dB)

	MCS-1 + MCS-1
	5.0

	MCS-2 + MCS-2
	5.3

	MCS-3 + MCS-3
	6.0

	MCS-5 + MCS-5
	6.8

	MCS-7 + MCS-7
	7.4

	MCS-9 + MCS-9
	9.9


3.5 Discussions
In both equal modulation and mixed modulation multiplexing cases the performance of any sub-channel is inferior to that of the reference case using a MRC/IRC receiver. This is due to the fact that the same dual-antenna MRC/IRC receiver has been used in the SIC module for the multiplexing cases. It is expected that if a single-antenna receiver is used as the reference, as was commonly done in the MUROS study, the relative performance of the multiplexing cases will be much better.

In the sensitivity scenario, the degradation ranges from 1.5 dB to 8.3 dB. And in the multi-interferer scenario, the degradation ranges from 5.0 dB to 9.9 dB. Since the common service requirement for MTC connections is small data transmission (see [2]), it is more likely that uplink virtual MIMO will operate at a moderate MCS combination like (MCS-5 + MCS-5) where the degradation is less than 7 dB. From the C/I CDF shown in Figure 12, it can be seen that there are at least 30% of users who have a C/I margin over 7 dB comparing to the median C/I. Therefore, the same amount of MTC users can be multiplexed with these users without affecting existing mobile data services.
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Figure 12.  C/I distribution in system simulations, 3/9 frequency reuse

4 Conclusions
This paper investigates the link level performance of the concept proposed in [1]. Simulations performed so far have shown very promising gains without affecting existing mobile data services and without deploying additional TRXs.
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