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GERAN evolution – Event based ACK/NACK performance results
1 Introduction and proposal

This document contains performance results for the event based Ack/Nack scheme described in Chapter 10.2 of [1]. The results, as shown below, are provided in a style suitable for inclusion in chapters 10.2.1 and 10.2.2 of the feasibility report. It is suggested to include the results as shown.  
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Proposed text for inclusion in Chapters 10.2.1 and 10.2.2 of the feasibility report:

10.2.1 Modelling assumptions and requirements

The simulation environment is shown in Figure 1. It is a single user RLC protocol simulator where the LLC packet sizes, MCS, multislot and polling could be set. The radio channel is modelled by a BLER setting that also includes incremental redundancy. The feedback channel is ideal. The radio channel introduces the radio transmission delay (TTI).
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Figure 1. Overall protocol simulation model 

Simulation parameters:

	Parameter
	Value(s)
	Comments

	LLC size
	500 and 1500 Bytes
	

	MCS
	6 and 9
	

	Multislot
	1
	

	Ack/Nack method
	Polling @ every 12 RLC block or event based 
	Polling is the reference case. With event based, a Nack is sent when an erroneous block is received.

	Incremental redundancy
	Yes
	

	BLER [first, second, third]
	[20%, 2.5%, 0%]
	The first BLER is for the first transmission of a RLC block, the second BLER is for a re-transmission, etc.

	Abis delay
	20 ms
	

	TTI
	20 ms
	

	RRBP
	13
	Used in Polling case

Same delay as for event based case.

	MS reaction time
	40 ms
	Used in event based case 
Same MS reaction delay as in Polling case 

	Simulation length
	50,000 LLC frames
	


10.2.2 Performance characterization

The performance results are shown in Figures 2-3. The reference case is when polling is used (a poll is executed every 12th RLC block). For each case of the cases, i.e. event based and polling, a poll is also done on the last RLC block in the RLC send buffer.
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Figure 2. CDF vs. time to correctly receive a LLC packet. MCS-6 with LLC block sizes, 500 Bytes in left figure and 1500 Bytes in right figure
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Figure 3. CDF vs. time to correctly receive a LLC packet. MCS-9 with LLC block sizes, 500 Bytes in left figure and 1500 Bytes in right figure

The performance gain of having an event-based scheme is obvious. Table 1 summarises the gain at the median and 90% CDF levels. The gain for the Event based Ack/Nack is relative the polling case.

Table 1
	Case
	Time [s]

Poll = 12

CDF levels
	Time [s] 
Event Ack/Nack
CDF levels
	Event Ack/Nack Gain

[%]

	
	50%
	90%
	50%
	90%
	50%
	90%

	500B, MCS-6
	0.3
	0.34
	0.24
	0.3
	20
	11

	500B, MCS-9
	0.24
	0.26
	0.18
	0.24
	25
	8

	1500B, MCS-6
	0.64
	0.68
	0.58
	0.66
	9
	6

	1500B, MCS-9
	0.4
	0.44
	0.34
	0.4
	15
	9


Table 2 shows the number of average sent Ack/Nack reports for the different simulated cases. Note also that so called “final” Ack/Nack reports are included in the figures (i.e. for the poll sent in the last RLC block in sent buffer). Table 2 also shows the relative increase of Ack/Nack reports for the event case compared to the simulated polling case. 
Table 2
	Case
	Average number of Ack/Nack per LLC block
	Event/Poll ratio

	
	Poll
	Event
	

	500B MCS-6
(7 radio blocks)
	1.8
	3.4
	1.8

	500B MCS-9
(4 radio blocks)
	1.6
	2.4
	1.5

	1500B MCS-6 
(21 radio blocks)
	3.1
	6.2
	2.0

	1500B MCS-9
(11 radio blocks)
	2.0
	4.1
	2.0


The event/poll ratio shows that between 1.5 up to 2 times more reports are sent. How the increase in number of Ack/Nack events will affect the radio resource usage depends if, and how much, event based reports can be sent within any UL data blocks.    

Table 3 summarizes the gains from a time perspective, i.e. how many users have received the data without errors within a specific time. The specific time instants are taken at the 50% CDF level for regular polling and are shown in Table 3. 

Table 3
	Case
	Percentage of users

[%]

	
	poll
	event

	500B, MCS-6; #user’s LLC ( 0.3 s
	56
	96

	500B, MCS-9; #user’s LLC ( 0.24 s
	82
	98

	1500B, MCS-6; #user’s LLC ( 0.64 s
	66
	86

	1500B, MCS-9; #user’s LLC ( 0.4 s
	60
	92


The gains are quite substantial and a larger number of users receive an LLC packet within a certain time limit than with a regular polling (here assumed set to 12). 
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