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Ideal USF extension performance evaluation
1. Introduction

On the 3GPP GERAN#54 meeting a discussion paper was presented [2] discussing the need of increasing the USF addressing space. This discussion paper evaluates the performance of an ideal increase in the USF addressing space; hence no limitations to uplink scheduling or radio performance degradations are introduced.
2. Simulation Assumptions

The traffic model used for the following evaluation is users arriving independently of each other with an arrival rate as per Table 1. The traffic model is described in more detail in 3GPP TR43.802 [1].
Table 1. Evaluation variables
	Parameter
	Value
	Comment

	Arrival rate, λ
	1.0, 2.0, 3.0 [users/s]

	As users are arriving independently of each other, the arrival process is a Poisson arrival process

	CCCH
	Legacy, IPA
	

	USF address space
	8, 16
	The 16 USF address space assumes ideal address space extension. I.e. The radio performance will be exactly as the existing 8 USF address space and there will be no limitations to uplink scheduling.


The various network settings used and not specified in [1] are summarized in Table 2.
Table 2. Miscellaneous settings

	Parameter
	Value
	Comment

	TBF release strategy
	Delayed TBF release

	

	Downlink delayed release timer value
	2.2 [s]
	

	Uplink delayed release timer value
	1.8 [s]
	

	Reporting strategy
	Legacy reporting
	

	Preemptive retransmission
	Yes
	


All simulation assumptions are as per [2], regarding performance evaluation and simulator environment. As such 8 PDCHs on two carriers are used for traffic.
3. Simulation results

For the simulation results the following definitions, see [2] for more details, of the performance metrics have been used:
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For the IM model the following performance metrics, see [2], has been used:
· Message transmission delay

· Loss of login message

· Loss of ordinary message

In Figure 1 the LLC cell throughput, from now on denoted by cell throughput, has been plotted as well as the offered load. The two graphs in the left column are using Legacy Immediate Assignment procedure, and the two graphs to the right are using IPA.
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Figure 1. Cell throughput
Increasing address space from 8 to 16 USFs without increasing the CCCH capacity, as specified in [1], gives a performance increase of 10-15 % when the system becomes highly loaded. If simultaneously increasing the CCCH capacity the performance increase is approximately 30 % for a highly loaded system.
In Figure 2 the PDCH utilization, denoted data load in [2], is plotted against the user arrival rate. The left graph represents using Legacy Immediate Assignment procedure, and the right graph represents using IPA.
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 Figure 2. PDCH data load
Extending the USF address space significantly decreases the DL PDCH data load, and the UL PDCH data load is slightly decreased as well. Increasing the CCCH capacity will increase both the DL and UL PDCH data load, which is consistent with the results in Figure 1 where the cell throughput increased.

In Figure 3 the PACCH load is plotted against the user arrival rate. The left graph represents using Legacy Immediate Assignment procedure, and the right graph represents using IPA.
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Figure 3. PACCH data load
From Figure 3 it can be seen that increasing the USF address space increases the PACCH signalling load, especially if combined with increasing the CCCH capacity. For a highly loaded system (user arrival rate of 2 users / second or more) the PACCH signalling load is 50 % higher when comparing 8 USFs and 16 USFs addressing space in conjunction with increased CCCH capacity.
In Figure 4 the average delay values for IM messages are presented. The left graph represents using Legacy Immediate Assignment procedure, and the right graph represents using IPA. [image: image8.png]Delay (s)
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Figure 4. IM message delay
From Figure 4 it can be seen that when increasing the USF addresses space is that the IM delay decreases. It should be noticed that this occurs in conjunction with an increase in the cell throughput, see Figure 1.

In Figure 5 the losses for downlink and uplink data messages are plotted, respectively. Further, the loss of login message as specified in [1] is also plotted. The left graph represents using Legacy Immediate Assignment procedure, and the right graph represents using IPA.
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Figure 5. IM losses
As can be seen from Figure 5 increasing the USF addressing space puts further requirement on the CCCH capacity, as when using a CCCH capacity increasing feature, IPA, in conjunction with increased USF addressing space yields a lower loss rate compared to only increasing the USF addressing space.
In Figure 6 the CCCH load, denoted control load in [1], is plotted. The left graph represents using Legacy Immediate Assignment procedure, and the right graph represents using IPA.
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Figure 6. CCCH load
 As can be seen this scenario can load and overload the DL CCCH when using 16 USFs. This is taking into account that 2/3 of the CCCH capacity is available as per the simulation assumptions in [1]. Employing a CCCH capacity improving feature, IPA, improves the situation. 
In Figure 7 below the DL CCCH load is studied in further detail, where normalized histograms are presented over the number of transmitted DL CCCH radio blocks per second. The left column represents using Legacy Immediate Assignment procedure, and the right column represents using IPA.
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Figure 7. Detailed DL CCCH load
From Figure 7 it’s seen that the CCCH overload-scenario for user arrival rates of 2 users/s and higher can be avoided using IPA. But it is also seen that for these high user loads (2 and 3 users/s) there is little space left in terms of DL CCCH capacity. Hence given the simulation assumptions of using 8 PDCHs will for the IM traffic model fully occupy a CCCH using IPA. Extrapolating these results some 32 PDCHs would fully occupy 4 CCCHs given traffic of this characteristic.
As a reference, found in Appendix 1, a plot of the rejection rate can be found, including both IMMEDIATE ASSIGNMENT REJECTION and PACKET ACCESS REJECTION. As can be seen in Appendix 1 increasing the USF addressing space decreases the rejection rate. 

4. Conclusions
From Figures 1 – 7 it can be seen that increasing the USF address space by a factor of two does not necessarily provide the same increase for the cell throughput. To increase the cell throughput other bottlenecks has to be identified as well, as e.g. the CCCH capacity. It should be noted that delayed release is used and the release timer values are quite conservative, see Table 2. If e.g. these timer values are decreased the signalling increases and puts further strain on the DL CCCH. For today’s large deployed cells using 4 CCCHs the IPA feature would not be sufficient for increasing the CCCH capacity given that the USF addressing space is increased. It is the view of the sourcing company that if to proceed with increasing the USF addressing space further actions need to be taken regarding increasing the CCCH capacity.
5. Reference:
[1] – Draft 3GPP TR 43.802 v0.3.6
[2] – GP-120683 Improving PDCH efficiency by expanding identifiers capacity, 3GPP GERAN#54
Appendix 1

Figure over rejection rates, where the left graph represents using Legacy Immediate Assignment procedure, and the right graph represents using IPA.
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