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1 Introduction
According to the analysis on the resource constraints in previous meetings, USF is one limiting factor on the PDCH [1]. One enhancement called time division based shared USF (TD-shared USF) [2] was proposed to increase USF capacity. 
This document discusses this enhancement again, and gives simulation analysis to show the benefit.
This document is an update of GP-120187. The simulation scenario provided in GP-120187 is called scenario 1 in this document. A new simulation scenario 2 where MTC penetration is 50% is added. The supplementary content is presented in blue.
2 Time Division based Shared USF
The main purpose of the Time Division based Shared USF is to extend the USF values to increase the device number multiplexed on the same PDCH. 
The main idea of TD-Shared USF
· One PDCH can be divided into several sub-channels on a radio block basis. Within 52-multi-frame, there are 12 radio blocks. These 12 blocks can be divided into 2/3/4/6/12 groups. Each group has 6/4/3/2/1 radio blocks and these radio blocks belonging to the same group are defined as a sub-channel;
· Devices assigned on different sub-channels can use the same USF value in the uplink.
Following is an example. One PDCH is divided into two sub-channels for specific devices (M2M devices), sub-channel 0 is identified by even numbered radio blocks and sub-channel 1 is identified by odd numbered radio blocks, and two devices can use the same USF, e.g. USF=1 on different sub-channel. Legacy H2H devices, e.g. assigned with USF=2 and 3, will not be impacted by the sub-channels.
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Figure 2.1: concept of TD-shared USF mechanism
3 Performance improvements
3.1 Simulation Assumption
A protocol level simulator is used for the performance evaluation of the new multiplexing mechanism. This models RLC/MAC layer behaviour in a single cell environment. 
· Scenario 1: MTC only traffic 

· Scenario 2: MTC 50% + Legacy PS 50%
In both scenarios, one phase access procedure for UL data transmission is used. However, none of the RACH attempts is successful when more than one device send access attempt at the same slot. MTC devices support the proposed new multiplexing mechanism, while legacy PS devices follows legacy USF multiplexing mechanism, and the simulation lasts 60s (0~60s), and the statistic starts from 20s to 50s when the traffic modelled reaches a stable level.
TBF scheduling principles are as follows:
· Assigning PDCH to devices follows first come first served principle, 

· PDCHs with lower load is allocated to devices with higher priority
Simulation Assumptions are summarized in Table 1.

Table 1: Simulation assumption for evaluation of multiplexing USF
	Parameter
	Value

	Cell configuration
	Single cell

	BCCH type
	Non-combined

	CCCH assumptions
	Tx-integer=20, S=109, M=4, T3146=(Tx+2S)/217=1.1s

	AGCH blocks per BCCH
	9

	Carriers/cell for PS alloction
	1 (on BCCH)

	Channels for PS alloction
	2 PDCHs

	Channels for CS alloction
	assumed enough

	RACH and AGCH BLER
	According figure 6.1 and 6.2 in Annex

	Traffic scenario
	Scenario 1: MTC traffic only

Scenario 2: MTC 50% + legacy PS 50%

	Device arrival
	Poisson arrival process

	PDCH BLER
	10%

	Device type
	MTC and Legacy PS: multislot class 1

	Traffic model for MTC
	Scenario 1: Poisson arrival with mean arrival rate 30/s
Scenario 2: Poisson arrival with mean arrival rate 10/s

	Traffic model for legacy PS
	Scenario 2: Poisson arrival with mean arrival rate 10/s

	UL Report size for MTC 

(LLC PDU size)
	50byte

	UL Report size for legacy PS
(LLC PDU size)
	50byte

	UL TBF delay release timer
	1s

	MCS
	MCS-2 (fixed, 30byte/radio block)

	USF number
	7/channel

	Sub-channel on a PDCH
	Scenario 1: 1,2,3,4
Scenario 2: 1,2


3.2 Simulation Result
Two metrics are used to evaluate the performance of this proposed TD-shared USF within the statistic period (20~50s), which are:

· The number of successful uplink TBFs, which is the number of TBFs whose data is successfully transmitted within the statistic period.
· The average time of uplink data transmission, which is the delay from sending the first packet access on RACH to successfully completing the transmission of the last uplink RLC data block.
The sub-channel =1 refers to the legacy multiplexing mechanism, that is one PDCH supports maximum 7 USFs and no TD-shared USF is used. While sub-channel = 2, 3, and 4 means TD-shared USF is used for MTC devices.
3.2.1 Scenario 1
The number of successful uplink TBFs and the average time of uplink data transmission are presented in figure 3.1 and 3.2 respectively.
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Figure 3.1 the Number of successful uplink TBFs           Figure 3.2 Average Time of uplink data transmission
From figure 3.1, the simulation result shows the number of successful uplink TBF when using TD-shared USF is higher than that of the legacy USF multiplexing mechanism. In another word, with the increase in the number of sub-channels, the number of successful uplink TBFs is increased by 87%, 114% and 118% which shows the throughput is increased significantly.
From figure 3.2, the average time of uplink data transmission changes slightly, and especially when sub-channel number = 2, the average time of uplink data transmission reduces a little comparing the legacy USF mechanism.
3.2.2 Scenario 2
The number of successful uplink TBFs and the average time of uplink data transmission are presented in figure 3.3 and 3.4 respectively.
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   Figure 3.3 the Number of successful uplink TBFs     Figure 3.4 Average Time of uplink data transmission
From figure 3.3, in the scenario which MTC penetrates 50%, the new mechanism can improve the throughput of uplink TBFs significantly. The total number of successful uplink TBFs is increased by 26.6%, of which MTC is increased by 63% and legacy PS is increased by 10.9%.

From figure 3.4, the average time of uplink data transmission is reduced by 26% comparing the legacy USF mechanism. The time of uplink data transmission includes the time spent on CCCH (calculated from the first initial RACH access) and the time spent on PDCH. When USF capacity is expanded by using TD-shared USF, the retransmissions of RACH access from MTC device and legacy PS device are reduced which results in the reduction of uplink data transmission time.
4 Conclusion
This paper proposes a TD-shared USF to solve the bottle neck of USF value on PDCH. TD-shared USF allows a same USF value to be shared by multiple MSs on different radio blocks. 
In scenario 1, proved by Figure 3.1, the new mechanism can increase the number of successful TBF significantly. Compared with the current mechanism, the number of successful uplink TBFs is increased by 82%, 114% and 118% when the sub-channel of a PDCH is 2, 3 and 4 respectively. Proved by figure 3.2, the average time of uplink data transmission is almost not increased. 
In scenario 2, proved by Figure 3.3, the number of successful uplink TBFs is increased by 26.6%, of which MTC is increased by 63% and legacy PS is increased by 10.9%. And from Figure 3.4, the average time of uplink data transmission is reduced by 26% when the sub-channel of a PDCH is 2.
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Figure 6.1 CIR Based Users’ CDF
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Figure 6.2 CIR Based RACH and AGCH BLER
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