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Performance evaluation of Coupled USF
1 Introduction

The concept of Coupled USF was first presented at GERAN#49, see ‎[1], and was further investigated at GERAN#53, ‎[2].
The use of the Coupled USF concept enables a straightforward and backwards compatible solution for extending the USF addressing space with similar scheduling flexibility as legacy.
This document evaluates the link performance of the Coupled USF.
2 Background

The basic concept of the Coupled USF is the simultaneous interpretation of two regular USFs by the MS. A coupled USF can either be transmitted on parallel PDCHs (i.e. in the same radio block period) or on two consecutive radio blocks transmitted on a PDCH, and can allocate either one or two UL transmission opportunities.
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Figure 1. Coupled USF on parallel TS

To enable a backwards compatibility USF values used/assigned by legacy MSs cannot be allocated a Coupled USF on the same PDCH. Thus, the possible extension of the USF addressing space will be dependent on the penetration of legacy MS.


[image: image2]
Figure 2. Coupled USF. Multiplexing legacy and new MS.

3 Coupled USF reception

Compared to legacy USF reception, the reception of the Coupled USF requires the MS to interpret two USF received in a combined manner. Both USFs need to be received to determine if the mobile is scheduled.
When transmitting the USF on parallel timeslots the fading will be correlated, depending on the speed of the user. For transmission on consecutive radio blocks the fading correlation will be significantly lower and more related to the frequency hopping set.
The results in Section 4 evaluate the transmission of Coupled USF on parallel PDCHs, as well as in consecutive radio blocks.
4 Results

4.1 Simulation assumptions
Table 1. Simulation assumptions
	Parameter
	Value

	Modulation
	GMSK

8PSK

16QAM

	Channel propagation
	TU3iFH

	Interference/Noise
	AWGN

	Tx filter
	LinGMSK

	Frequency band
	900 MHz

	Frames
	2000000

	Tx/Rx impairments
	Typical


Since 16QAM and 32QAM uses the same USF code mapped on the same place in the burst, it is assumed they have similar USF performance characteristics
4.2 Simulation results

In Figure 3 the USF BLER performance is seen for regular USF and Coupled USF performance for a GMSK modulated MCS. In the Annex same performance plots for 8PSK and 16QAM can also be seen.
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Figure 3. USF and Coupled USF BLER, GMSK (1 dB tick on x-axis).
It can be seen that the performance is similar if the Coupled USF is transmitted on parallell PDCHs or in consecutive radio block periods on the same PDCH. 
The uncorrelated Coupled USF performance, based on the regular USF transmission is also shown, and is based on:
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As can be seen, the transmission of a Coupled USF on consecutive radio block periods is the same as uncorrelated performance, while if parallell PDCHs are used for the Coupled USF, the performance is slightly improved (correlated fading).

Today the USF false detection rate is defined at 1% given a transmission of a USF not allocated to the MS, or at random input, see ‎[3]. Given that the USF addressing space is increased, the USF false detection rate needs to be reduced, in order not to increase the collision rate on the UL.

In Figure 4 the USF false detection rate for regular USF transmission and coupled USF transmission is shown. As can be expected the false detection rate is low at low (no USF detection) and high (correct USF detection) SNR regions respectively.

It can be seen that the false detection rate, and thus the collision rate when using Coupled USF, is decreased.
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Figure 4. USF / Coupled USF False Detection Rate, GMSK (5 dB tick on x-axis)
A calculation is given below on the collision rate for different multiplexing rates with legacy mobiles. It should be noted that this is a worst case, unrealistic scenario that all MSs are operating at a point where the false detection rate is at a maximum. This aspect has not been taken into account in the calculations, i.e. that with increased number of users multiplexed, the probability that high false detection rate is seen for all users will decrease with the number of users multiplexed. Nevertheless it will show a relative measure on the collision rate probability. 

The maximum number of users possible to multiplex with the coupled USF solution as a function of the number of legacy USF values allocated to one PDCH is:
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Thus the probability that if a legacy USF is scheduled, and that at least one other mobile, not allocated the USF misinterprets it is:
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The metric 
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 is shown as a function of 
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in Figure 5 and is based on the worst false detection rate seen in Figure 4.
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Figure 5. Collision rate based on worst case USF False Detection performance.
As can be seen there is no increase in collision rate on the UL by the use of the Coupled USF.
5 Conclusions

The link performance of the Coupled USF solution transmitted on parallel TS has been evaluated. It has been noted that the performance degradation compared to regular USF transmission is 0.9-1.1 dB.
The collision rate on the UL due to USF false detection rate has also been evaluated and was seen to be lowered in case of Coupled USF transmission, or mix between regular and Coupled USF transmission.
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7 Annex

7.1 USF BLER
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Figure 6. USF / Coupled USF BLER, 8PSK (1 dB tick on x-axis)
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Figure 7. USF / Coupled USF BLER, 16QAM (1 dB tick on x-axis)
7.2 USF False Detection
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Figure 8. USF / Coupled USF False Detection Rate, 8PSK (5 dB tick on x-axis)
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Figure 9. USF / Coupled USF False Detection Rate, 16QAM (5 dB tick on x-axis)
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