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 Necessity of USF Expansion
1 Introduction
In previous meeting, CMCC discussed the problems in GERAN [1] and suggested to expand the USF to improve PDCH efficiency [2]. When discussing MTC, Ericsson analysed the maximum users with respect to CCCH, USF and PDCH [3], [4], [5] and [6], and discussed the bottleneck of capacity [7]. RIM also analysed the resource needed per TBF and showed the shortage resource [8]. 
Although the theory analysis is discussed in the M2M SI, the M2M SI and EMDA SI have a lot of similar Traffic character, so the analysis also can be applied to EMDA SI. This paper will discuss the analysis again and discuss the bottleneck further.
2 The necessary of USF expansion

2.1 Analysis from CMCC
CMCC observed some problems in GERAN [1] and one observation is the data traffic channel efficiency was low and suggested to improve data traffic channel efficiency. 
In GERAN#54, CMCC gave some collected data in Guangdong which showed the average TBF setup failure rate increased in data hotspots and on average 41% of TBF setup failure was caused by the lack of TFI/USF [2].
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Figure1 the ratio of caused for TBF setup failure[2]

From the data provided by CMCC, the low data traffic channel efficiency is an important problem in its existing GSM network and expanding USF/TFI is a possible way to reduce the TBF set failure and improves PDCH efficiency.
2.2 Analysis from Ericsson
In GERAN#47, Ericsson analysed the bottleneck of capacity in different scenarios and it is shown the USF is the bottleneck in a large part of scenarios.
In table 1 and 2, the maximum number of users supported in the network is displayed in each table which is coloured to indicate the current bottleneck.
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Table 1 - Limiting factors for the device-initiated traffic model with only MTC devices in the cell, MCS-2 [7].
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Table 2 - Limiting factors for the device-initiated traffic model with only MTC devices in the cell, MCS-5 [7].
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Although the analysis is based on M2M SI, the small data, device-initiated, and periodic reporting model is similar to IM model in EMDA SI. From table 2 and 3, most blocks are in purple colour, which means that the USF is the bottleneck of the resource.
In the [5], the blocking probability due to lack of USF was analyzed by Ericsson. P(USF_OUTAGE) denotes the probability that there are no more available USFs in the cell, and thus that no more device may be admitted to the cell. The capacity can be calculated according the following EQ:
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Where n/RI is the user intensity, n is the number of users, RI is the reporting interval; RS is the LLC user data payload, OH is the overhead (58Bytes) from TCP/IP header and LLC header; MCS is MCS-5, i.e. 56 bytes, and 0.5 s is the delay release period.
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Figure 2 - Example of the USF outage probability for a 1 TRX cell where the report size is 1 kilobyte and MCS-5 is used. 

In above simulation, the less report interval is, the worse USF shortage is. In the IM model, the mean of packet interval is 20s which is much less than the steep blue line (reporting interval 60s), so the lack of USF is worse in IM model.
2.3 Analysis from Huawei
The sourcing company also makes some analysis on the USF outage probability based on the above EQ in sec2.2. In the IM model, the average uplink packet size is 80bytes and the packet interval is 20s. According to the EQ, with 1 TRX for PS, the probability of USF outage is as follows.
[image: image7.png]PAUSF_Outage)

0z

02

9,
%0 250 0 3 40 40 500 550 600

Total Number of Users



 
Figure 3 USF Outage Probability with Different USF Value

In the EQ, 
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 is the TBF transmission delay, and 7 is the number of USF. If the number of USF increases, the TBF transmission delay will increase. Although increasing the number of USF will increase the delay, this delay can be controlled by the network. For most 2G service, slightly increasing delay can be ignored. From the figure 3, increasing the PDCH multiplexing degree can improve the network capacity remarkably.

The theory analysis result is the same with the simulation result [9], i.e. ideal USF expansion. 
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Figure 4 LLC Throughput (left); Uplink message loss ratio (right)
Considering the benefits to network capacity (significant improvement of LLC throughput and significant reduction of message loss), USF expansion is imperative. 
2.4 Analysis from RIM
RIM also analysed the resource bottleneck in M2M SI [8]. It showed the maximum number of TBFs per second with 4 PDCH for PS. Table 3 displayed the analysis result.
Table 3 the maximum number of TBF per second

	Resource
	Total available
	Max MTC TBF per second
	Supports 30 MTC TBF/second**

	RACH*
	1
	38 (0.1% failure rate)
	Yes

	CCCH/D*
	1
	19.2
	No

	USF
	4
	9.1
	No

	TFI (UL)
	4
	36.6
	Yes

	TFI (DL)
	4
	24.4
	No

	* these resources cannot be assumed to be dedicated to MTC and therefore must be shared with other UL access attempts and paging responses (on RACH) or paging (on CCCH/D); no blocks are assumed reserved for AGCH

** see G2-100196, RACH intensity of Time Controlled MTC Devices ,Vodafone


From table 3, all of the USF, TFI(DL) and CCCH/D are the bottleneck and the shortage of USF is the worst.

Both the data collecting in the existing GSM network and theory analysis show increasing the number of USF can improve the network capacity greatly, so the sourcing company suggests studying the USF expansion further in EMDA SI.
3 Conclusion

This paper concludes the analysis of network capacity bottleneck in previous meeting. All the discussions from the CMCC, Ericsson and RIM displayed the USF is one of the bottleneck in existing GSM network, and the sourcing company also proved the point of view by simulation[9] in GERAN #56.
Proposal: the USF is the bottleneck which should be solve in EMDA and USF expansion should be studied further in EMDA SI.
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