Page 4
Draft prETS 300 ???: Month YYYY

1

3GPP TSG RAN WG1 Meeting #72bis

R1-131582
Chicago, USA, 15th – 19th April 2013
Source:
QUALCOMM Incorporated

Title:
Link Analysis of Uplink Frame Early Termination
Agenda item:


6.4.1
Document for:
Discussion
1 Introduction
In this contribution, the link performance results with DCH enhancements specified in [1] are evaluated and contrasted against performance of legacy DCH channel.  In this study, the link level models frame early termination in conjunction with all necessary control channels.  Details of these enhancements and simulation assumptions are presented in [2].  Simulation assumptions for baseline legacy DCH are given in [3].
These simulations results demonstrate a substantial gain resulting from DCH enhancements.  A major component of DCH enhancements considered in this study is frame early termination.  Frame early termination enables the transmitter and receiver to discontinue communication, whenever the transport block being sent could be decoded early due to favourable channel conditions.  A significant portion of UL transmission is devoted to overhead control channels.  Frame early termination significantly reduces the amount of power spent on overhead channels whenever the data channel decodes early and may be terminated. Reduced overhead along with gains from improved link performance of data channel results in the gains observed in this study.

A number of factors contribute to have a high chance of frame early termination, as shown by the FET statistics later in this contribution.   Fundamentally, due to randomness of the wireless channel in UL, power control loops have an inherent lag to track the channel.  While the goal of power control is to maintain a desired Eb/No (energy per bit ratio) , the inefficiencies in power control, due to delay of tracking channel and coarse ILPC step size, result in inevitable excess Eb/No.   FET allows a secondary mechanism to avoid excess Eb/No and improve link performance.
On the other hand from a channel coding perspective, even in an AWGN channel, frame early termination has non-negligible chance of success in short block lengths, due to inefficiency of short-length channel codes to meet Shannon capacity bound.  Only for channel codes with very tight gaps to Shannon capacity, one can expect no chance of early decoding of the punctured code, due to higher code rate.  In other words, the smooth and concave shape of error rate vs SNR curve for short-block length convolutional codes, which are used in CS over DCH channel, one can expect a high chance of early decoding of the punctured transmitted block.  This observation is demonstrated in simulation results in this study for enhanced DCH channel.
2 Performance Results

2.1 Single-Link Scenario
In this scenario, link performance is evaluated with a single link and active set size of 1, and comparisons between legacy DCH and enhanced DCH systems are presented for AMR12.2K and AMR5.9K voice codecs.
2.1.1 Legacy R99 DCH Performance with AMR12.2K Voice Codec
Table 1 shows link performance results for AMR 12.2K codec over legacy R99 DCH channel.  This serves as the baseline for comparisons with enhanced DCH with AMR 12.2K. 

Table 1: Link Performance of AMR 12.2kbps carried over legacy DCH channel 


	Channel Type
	Voice Packet Type
	Received Ec/No per TFC (dB)
	Received Ecp/No per TFC (dB)
	Average Ec/No (dB)

	PA3
	FULL
	-17.4112
	-19.9997
	-20.1167

	PA3
	SID
	-21.5487
	-23.0041
	

	PB3
	FULL
	-17.081
	-19.6696
	-19.5671

	PB3
	SID
	-20.7798
	-22.2352
	

	VA30
	FULL
	-16.882
	-19.4706
	-19.3893

	VA30
	SID
	-20.6232
	-22.0786
	

	VA120
	FULL
	-16.3849
	-18.9735
	-18.8057

	VA120
	SID
	-19.9529
	-21.4084
	


For completeness, the TPC performance on UL DPCCH and final residual BLER is listed in Table 2. It can be seen that TPC error rate is within the target 5% error rate on UL DPCCH and final residual BLER has converged closely to 1%.

Table 2: TPC decoding error rate and Final BLER

	Channel Type
	Voice Packet Type
	Total BLER
	TPC error rate

	PA3
	FULL
	0.0102
	0.0103

	PA3
	SID
	0.0101
	0.0515

	PB3
	FULL
	0.0102
	0.0184

	PB3
	SID
	0.0101
	0.0521

	VA30
	FULL
	0.0102
	0.0281

	VA30
	SID
	0.0102
	0.0501

	VA120
	FULL
	0.0104
	0.0398

	VA120
	SID
	0.0104
	0.0501


2.1.2 Enhanced DCH Performance with AMR12.2K Voice Codec

In Table 3, link performance results for AMR 12.2K are presented.  As can be seen and will be discussed later, there are significant reductions in received Ec/No levels, as compared with legacy AMR 12.2K. The received Ec/No presented in this table encompasses DPDCH channel along with all overhead channels including FET control channels. For the NULL packet, since only DPCCH is transmitted, only DPCCH part contributes to the Average Ec/No reported below.
Table 3: Link Performance of AMR 12.2kbps carried over enhanced DCH channel

	Channel Type
	Voice Packet Type
	Received Ec/No per TFC (dB)
	Received Ecp/No per TFC (dB)
	Average Ec/No (dB)

	PA3
	FULL
	-19.5111
	-23.7731
	-22.1633



	PA3
	SID
	-23.0832
	-25.0629
	

	PB3
	FULL
	-19.3931
	-23.6551
	-22.0037



	PB3
	SID
	-22.9055
	-24.8585
	

	VA30
	FULL
	-19.1371
	-23.3992
	-21.7333



	VA30
	SID
	-22.6167
	-24.5741
	

	VA120
	FULL
	-18.7068
	-22.9688
	-21.3077

	VA120
	SID
	-22.21
	-24.1513
	


Table 4: TPC decoding error rate and Final BLER

	Channel Type
	Voice Packet Type
	Final BLER
	TPC error rate

	PA3
	FULL
	0.001
	0.0186

	PA3
	SID
	0.004
	0.0344

	PB3
	FULL
	0.0012
	0.0297

	PB3
	SID
	0.003
	0.052

	VA30
	FULL
	0.006
	0.039

	VA30
	SID
	0.011
	0.051

	VA120
	FULL
	0.007
	0.045

	VA120
	SID
	0.012
	0.052


2.1.3 Legacy R99 DCH Performance with AMR5.9K Voice Codec

Link performance of legacy DCH channel with AMR 5.9K is presented in Table 5.  This again serves as the baseline to compare with AMR 5.9 carried over enhanced DCH.
Table 5: Link Performance of AMR 5.9kbps carried over legacy DCH channel 


	Channel Type
	Voice Packet Type
	Received Ec/No per TFC (dB)
	Received Ecp/No per TFC (dB)
	Average Ec/No (dB)

	PA3
	FULL
	-19.172
	-21.1299
	-20.9971



	PA3
	SID
	-21.5487
	-23.0041
	

	PB3
	FULL
	-18.6706
	-20.6285
	-20.3619



	PB3
	SID
	-20.7798
	-22.2352
	

	VA30
	FULL
	-18.481
	-20.4389
	-20.1888



	VA30
	SID
	-20.6232
	-22.0786
	

	VA120
	FULL
	-17.995
	-19.953
	-19.6107

	VA120
	SID
	-19.9529
	-21.4084
	


Performance of TPC and overall final BLER is listed in Table 6 for completeness. It can be seen that TPC performance is within the 5% target and BLER has converged to 1%.

Table 6: TPC decoding error rate and Final BLER

	Channel Type
	Voice Packet Type
	Total BLER
	TPC error rate

	PA3
	FULL
	0.0102
	0.023

	PA3
	SID
	0.0101
	0.051

	PB3
	FULL
	0.010
	0.0353

	PB3
	SID
	0.0101
	0.053

	VA30
	FULL
	0.0102
	0.0468

	VA30
	SID
	0.0102
	0.0521

	VA120
	FULL
	0.0105
	0.0512

	VA120
	SID
	0.0104
	0.0531


2.1.4 Enhanced DCH Performance with AMR5.9K Voice Codec

Table 7 shows the performance of AMR 5.9K codec over enhanced DCH channel.  There are substantial gains due to enhancements applied to the DCH channel when compared to AMR 5.9K codec performance carried over legacy DCH channel. For the NULL packet, since only DPCCH is transmitted, only DPCCH part contributes to the Average Ec/No reported below.
Table 7: Link Performance of AMR 5.9kbps carried over enhanced DCH channel 


	Channel Type
	Voice Packet Type
	Received Ec/No per TFC (dB)
	Received Ecp/No per TFC (dB)
	Average Ec/No (dB)

	PA3
	FULL
	-20.8984
	-23.8737
	-22.8579



	PA3
	SID
	-23.0849
	-25.0648
	

	PB3
	FULL
	-20.7736
	-23.7288
	-22.6907



	PB3
	SID
	-22.8989
	-24.852
	

	VA30
	FULL
	-20.5241
	-23.4826
	-22.4269



	VA30
	SID
	-22.6164
	-24.5744
	

	VA120
	FULL
	-20.1085
	-23.0558
	-22.0083

	VA120
	SID
	-22.2092
	-24.1508
	


Table 8: TPC decoding error rate and Final BLER

	Channel Type
	Voice Packet Type
	Final BLER
	TPC error rate

	PA3
	FULL
	0.0008
	0.0186

	PA3
	SID
	0.003
	0.0346

	PB3
	FULL
	0.0004
	0.0297

	PB3
	SID
	0.0022
	0.0505

	VA30
	FULL
	0.0071
	0.039

	VA30
	SID
	0.011
	0.051

	VA120
	FULL
	0.0063
	0.0455

	VA120
	SID
	0.013
	0.053


2.1.5 Link Performance Comparison between Legacy and Enhanced DCH

Tables 9 and 10 summarizes the results shown earlier for AMR 12.2K and AMR 5.9K codecs.  In these simulations, it is assumed that NULL packet is not transmitted over DPDCH channel and only DPCCH channel is sent in this case.  For both AMR 12.2K and AMR 5.9K, a substantial link improvement of more than 2.0dB is observed, which is due to improve utilization of transmit power with frame early termination. 
Table 9: Performance Comparison for AMR 12.2K Voice Codec
	Channel Type
	Voice Packet Type
	Gain in Received Ec/No per TFC (dB)
	Gain in Average Ec/No (dB)

	PA3
	FULL
	2.0999
	2.0466



	PA3
	SID
	1.5345
	

	PB3
	FULL
	2.3121
	2.4366



	PB3
	SID
	2.1257
	

	VA30
	FULL
	2.2551
	2.344



	VA30
	SID
	1.9935
	

	VA120
	FULL
	2.3219
	2.502

	VA120
	SID
	2.2571
	


Table 10: Performance Comparison for AMR 5.9K Voice Codec

	Channel Type
	Voice Packet Type
	Gain in Received Ec/No per TFC (dB)
	Gain in Average Ec/No (dB)

	PA3
	FULL
	1.7264
	1.8608



	PA3
	SID
	1.5362
	

	PB3
	FULL
	2.103
	2.3288



	PB3
	SID
	2.1191
	

	VA30
	FULL
	2.0431
	2.2381



	VA30
	SID
	1.9932
	

	VA120
	FULL
	2.1135
	2.3976

	VA120
	SID
	2.2563
	


2.1.6 Frame Early Termination Statistics

Figure 1 and Figure 2 show the average success rate for frame early termination for AMR 12.2K and AMR 5.9K codecs.  The averaging is performed across FULL and SID packets only.

It can be seen that by 10ms, most packets are successfully decoded.  Thus, the transmission can be terminated much earlier than the end of 20ms TTI.
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Figure 1:  Average FET success rate statistics at various decoding attempts for AMR 12.2K codec
[image: image2.png]Success rate

100

il

il

70

60

50

0

0

Eil

10

8 M0 12 14
FET decading time (i)

&
=]

[ — ]
WA120

B 18

Eil




Figure 1:  Average FET success rate statistics at various decoding attempts for AMR 5.9K codec
3 Conclusions

In this contribution, we have presented uplink link level simulation performance results for the DCH enhancements for AMR 12.2K and AMR5.9K voice codecs.  Simulation results show more than 2.0dB gain in overall received Ec/No. 
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