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1 Introduction 

This document is a text proposal for the hybrid ARQ performance evaluation section 8.2.1 of TR25.804 (“Feasibility Study on Uplink Enhancements for UTRA TDD”).  The text proposal contains plots of throughput, average number of transmissions, BLER, delay distribution, and energy per bit required for error free transmission using both conventional ARQ (no soft combining) and with H-ARQ using Chase Combining for 3.84Mcps TDD.
The text proposal is based on TR25.804 v0.2.1 [1].
2 References

[1]
R1-040819 TR25.804 v0.2.1 “Feasibility Study on Uplink Enhancements for UTRA TDD”. RAN1#38, Prague, Czech Republic, 16th – 20th August 2004.
3 Text Proposal

<<<<<<<<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>>>>
8.2.1

Performance Evaluation

8.2.1.1
Hybrid ARQ Link Performance

In this section, link level performance results of hybrid ARQ with and without chase combining are presented for the Rel-99 384kbps UL reference measurement channel with a 10ms TTI.  The results are provided in an ITU Pedestrian A channel at a velocity of 3kmph.

Simulation assumptions are provided in Table [T1] below.

Table [T1] Simulation assumptions

	Parameter
	Value

	Chip rate
	3.84 Mcps

	Carrier Frequency
	2 GHz

	Propagation Channel
	ITU Pedestrian A, 3 kmph

	Channel Estimation
	Realistic

	Inner loop open power control
	ON (based off Beacon measurements)

	Outer loop power control
	OFF

	Power control delay
	4 timeslots

	Beacon transmit diversity
	Enabled

	Antenna configuration
	2 antenna receive diversity

	Receiver
	Joint Detector

	Channel over-sampling
	4 samples/chip

	Turbo code information
	Max log MAP, 4 iterations

	Information bit rate
	384 kbps

	Resource occupied
	1 x SF 2, 3 timeslots, burst type 2

	Maximum number of transmissions
	4

	TTI
	10ms

	Hybrid ARQ
	No combining (NC) / Chase combining (CC)

	AC/NACK signaling error
	NONE

	Rate matching
	Release 99


The throughput is calculated as the information bit rate divided by the average number of transmissions required.  The throughput is shown in Figure [F1] for a Pedestrian A 3kmph channel plotted against the mean received C/I per antenna branch for each of the transmissions.  From the figure it can be seen that chase combining provides a throughput gain in situations where the received C/I is low and insufficient for hybrid ARQ without chase combining to operate.

Figure [F2] shows the average number of transmissions required in a Pedestrian A 3kmph channel.  It can be observed that for a given low C/I, chase combining can reduce the number of transmissions required significantly from that of no combining of transmissions at the receiver.
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Figure [F1].  Throughput in a Pedestrian A 3kmph with power control.
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Figure [F2].  Average number of transmission in a Pedestrian A 3kmph with power control.
Figure [F3] shows the BLER curves for the 384kbps bearer in a Pedestrian A 3kmph channel for each transmission with chase combining applied at the receiver.  This figure demonstrates that even with nearly 100% BLER on the initial transmission, after 3 re-transmissions chase combining will enable a final BLER of below 1%.

Figure [F4] shows the delay distributions with the initial transmission BLER being approximately 50% and 10%.  From this it is observed that with an initial transmission BLER of approximately 50%, chase combining requires only two transmissions in order to achieve a final BLER below 1%.
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Figure [F3].  BLER for 384kbps bearer in a Pedestrian A 3kmph channel.
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Figure [F4].  Delay distribution with first transmission BLER of 50% and 10% in a Pedestrian A 3kmph channel.
8.2.1.2
Hybrid ARQ Efficiency

In this section results demonstrating the efficiency of hybrid ARQ are presented and the number of transmissions required to support the 384kbps bearer at its most efficient operating point is established.

In Figure [F5] the Eb/N0 per uncoded bit required for error free transmission is plotted against the mean received C/I per antenna branch per transmission.  It can be seen that there is a gain from using hybrid ARQ with chase combining over that of no combining as the curve minimum is approximately 1dB lower in the former case.  It can however also be seen that in order to obtain the most efficient performance from both chase combining and no combining the operating points in terms of received C/I are approximately 5dB apart.

This is demonstrated more clearly in Figure [F6] where the plots of Figure [F5] are inverted and translated into the linear domain to show the relative link capacity between hybrid ARQ with and without chase combining.  From this figure it can be seen that when operating at the most efficient link C/I with and without chase combining (approximately -2dB with no combining and approximately -7dB with chase combining in this scenario), a link capacity gain of the order of 29% can be expected in a Pedestrian A 3kmph channel.  By comparing the locations of the link capacity peaks with and without chase combining with Figure [F2] and Figure [F3] we observe that without chase combining the optimum capacity is achieved with approximately 1.25 transmissions on average and an initial transmission BLER of approximately 20%.  However in the case of chase combining the optimum link capacity is achieved with approximately 3 transmissions and an initial transmission BLER of close to 100% and only falling to 20% after 3 transmissions.
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Figure [F5].  Energy per bit required for error free transmission in a Pedestrian A 3kmph channel.
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Figure [F6].  Relative capacity with and without chase combining in a Pedestrian A 3kmph channel.
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