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GERAN Evolution – Latency reduction performance
1 Introduction and proposal

This document contains performance results for the Event-Based Ack/Nack Reporting scheme as described in Chapter 10.2 of the feasibility study report [1].  It also provides results for Reduced Transmission Time Interval as described in Chapter 10.3 of the report [1], both using polling and in conjunction with the Event-Based method.  The results are proposed to be included in a performance chapter dealing with both the event based method and the reduced TTI enhancement.
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Proposed text for inclusion in a new Chapter 10.x of the feasibility report [1] containing performance results of both event based Ack/Nack and reduced TTI:
10.x Modeling assumptions and requirements

The simulator used in this study is a time-based, single user EDGE RLC protocol simulator.  It allows for control of things such as timeslot allocation, scheduling, polling procedures, MCS selection, etc.  Possibility is also to e.g., control how the mapping of individual radio bursts is done onto the physical carrier. The radio channel is modelled by a pre-generated C/I-trace that serves as an input to a link-simulator module, which generates header and block errors depending on current C/I-values, MCS selection, IR retransmissions etc. An overview of the simulator flow is shown in Figure 1 below.
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Figure 1 - Overview of the simulation flow.
The purpose of the simulations that are done here is to compare the measured delay per LLC frame, including all possible retransmissions, between the normal polling procedure and event-based method. This is done both for the normal 20ms TTI as well as the Reduced Time Interval with a 10ms TTI. Evaluated and shown is also the generated uplink load by using both methods. The parameters and settings used in the simulations are given in Table 1 on the following page(s).
Table 1 - Simulation parameters.
	Simulation Parameters

	Type
	Value
	Notes/Comments

	RLC Retransmission scheme
	Normal Polling 
and

Event-Based
	In the normal polling cases, the MS is polled for PKT DL ACK/NACK’s for the following reasons: 

1. Periodic polling, which is done between every 1 and every 40th RLC-block sent, depending on the setting in the individual scenario. 

2. LQC-polling, which is done every 480ms.

3. Missing PKT DL ACK/NACK. If the PCU does not receive a PKT DL ACK/NACK from the MS when expected, it will re-transmit the packet not Ack’ed when there is nothing more to send, and set the poll flag.

In the Event-Based case, only the LCQ-poll is retained from the original polls. Instead, the MS may send a PKT DL ACK/NACK spontaneously if it fails to decode an RLC block. 

	#RLC Retransmissions
	0,1,2 or unlimited
	Instead of retransmitting every RLC block until it is received, a non-persistent RLC-mode is evaluated (together with the usual persistent mode) for the event-based cases.

	TTI Length
	20ms or 10 ms
	

	RRBP
	1 or 2 TTI periods, i.e. 

-13 or 8/9 for 20ms TTI

- 6/7 or 4/5 for 10ms TTI
	Used in polling cases. Denotes the number of TDMA-frames from when the MS is polled until it answers. Same delay as for event based case. Thus RRBP=13 corresponds to an MS Reaction Time of 40ms and RRBP=8/9 is an MS Reaction Time of 20ms etc.

	MS Reaction Time
	1 or 2 TTI periods.

Thus:

- 40ms or 20ms for 20ms TTI

-20ms or 10ms  for 10ms TTI
	Used in event based cases. Same MS reaction delay as in Polling case. Thus 40ms MS Delay corresponds to RRBP=13, 20ms MS Delay corresponds to RRBP=8/9 etc.

	PCU delay (includes all other node delays)
	Set equal to TTI-period (thus 20ms or 10ms)
	Note that processing time is not the issue. Rather this may give a ‘worst case assumption’ where the DL data always ‘misses’ the current TDMA-frame and has to wait for the next one.

	Abis delay
	20 and 10 ms
	The Abis delay is set equal to the TTI-length


	Simulation Parameters (continued)

	Type
	Value
	Notes/Comments

	Traffic Model 
	VoIP 
	DL: Continuous, one-way VoIP-traffic (LLC-frames generated with size and interval as below)



	Simulation Time
	300 seconds
	-

	LLC-size (Speech)
	288 bits 
(AMR-7.95kbps)

20 ms frames
	288bits tot = 176bits AMR data + 32bit UDP header (ROHC used) + 80bit LLC&SNDCP header 

	LLC Delivery Method
	In-sequence
	-

	UL Scheduling 
	Always
	The one user is scheduled  

	MCS data 
	MCS-3 
	Fixed MCS-3

	IR
	Yes.
	-

	Control signaling
	CS-1
	-

	Fading Model
	TU3iFH
	Model of TU3iFH including fast-/Rayleigh-fading but not shadow fading. 

	C/I (average)
	10 dB in both directions
	 


10.y Performance Characterization
10.y.1 Frame error rate and uplink signalling load
The generated uplink load in terms of sent #PKT DL ACK/NACK’s per second are shown in Figure 2 for the different setups. Obviously, the uplink load does not depend on MS Delay or TTI Length. As can be seen from the figure however, for these simulations (Tu3iFH, C/I=10dB using MCS-3) the uplink load generated by the event-based case corresponds to a periodic polling of around every 3rd  RLC block. [image: image2.emf]0 5 10 15 20 25 30 35 40

0

5

10

15

20

25

30

35

40

45

50

Spacing between Periodic Polls [# RLC-blocks]

Generated Uplink Load [#PKT DL ACK/NACK's per SECOND ]

Normal Polling 

 

 

20ms TTI - 40ms MS delay (RRBP=13)

20ms TTI - 20ms MS delay (RRBP=8/9)

10ms TTI - 20ms MS delay (RRBP=6/7)

10ms TTI - 10ms MS delay (RRBP=4/5)

0 1 2 Inf.

0

5

10

15

20

25

30

35

40

45

50

Max. allowed retransmissions per RLC-block

Event Based Polling 

 

 

20ms TTI - 40ms MS delay

20ms TTI - 20ms MS delay

10ms TTI - 20ms MS delay

10ms TTI - 10ms MS delay


Figure 2
- Generated Uplink Load

Figure 3 shows the Frame Error Rate, FER, which in these simulations is equivalent to the residual BLER. This due to the fact that the selected MCS allows for one LLC-pdu to be fully carried in one RLC-block. Thus the initial BLER of about 27-30% should give 15 out of 50 sent DL RLC blocks to be lost or corrupted every second. This corresponds perfectly to the 15 PKT DL ACK/NACK sent per second for the event-based method as shown in Figure 2. Also shown is that, for this setup, only one retransmission is sufficient to reach a FER of about 1 %. 
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Figure 3
- FER (Frame Error Rate)

10.y.3 LLC packet delays

The distributions of the LLC Delays are shown in the different plots in Figures 4 to 6. Annex A contains detailed CDF results. All results are given as percentiles, which should be interpreted as if the Pth percentile is X, then P% of all measurements are less than or equal to X. 
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Figure 4
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Figure 5
- 90th Percentile LLC Delays
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Figure 6 - 98th Percentile LLC Delays

Some conclusions:
It could be observed that (studying primarily the 98th percentile which in the case of VoIP and PoC is rather important):

· the delays for the 10 ms TTI case shows a decreased delay well below what can be achieved by 20 ms TTI case (almost a factor of two)

· with the event based Ack/Nack and one retransmission, nearly a 100 ms delay is obtained when 10 ms TTI is used compared to 200 ms delay for 20 ms TTI
· with regular poll a polling of every or maybe every other RLC block is required to reach the same value   
It is also worth noting that the very high BLER of 30% makes the regular polling with a polling interval of three perform almost equally good as the event based ACK/NACK with unlimited re-transmissions (i.e. comparing the two cases at equal UL load). Considering the case where the BLER would be lower than 30%, the UL load would become less for the event based case (without actually changing the actual delay performance). This change of UL load would then also affect the comparison point with the normal polling case (here the load mainly depends on polling interval) to a somewhat larger spacing value that would result in a more noticeable performance difference in favour of the event based case.     
ANNEX A: Detailed simulation results (including only a few of the lower polling cases)
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