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1 Introduction
In TSG-RAN#58 a new study item, “DCH Enhancements for UMTS”, was approved [1]. In this contribution we provide a text proposal for Section 10 on the descriptions of Uplink Physical Layer DCH Enhancements.
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[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

10.4 Uplink Link Evaluation Results: Solution 1
This section presents link evaluation of uplink DCH enhancements described in Section 9 (Solution 1). Several scenarios are considered, including active size 1 and 2, ILPC rate of 750Hz and 1500Hz, and the two codecs AMR12.2kpbs and AMR5.9kpbs are studied. 
10.4.1 Finger assignment assumptions 
The Rake finger assignment assumed for UL evaluation of Solutions 1 are shown in Table 10.4.1-1.
Table 10.4.1-1: Rake finger assignment in ITU channels
	Channel
	Path delays (in 1/8th of a chip)

	PA
	0,7

	PB
	0,7,25,37,71,114

	VA
	0,10,22,33,53,77


10.4.2 Link efficiency of AMR 12.2kbps codec
In Figure 10.4.2-1 and Figure 10.4.2-2, the performance of Solution 1 in UL are compared with legacy R99 in SHO and no SHO scenarios with active set size of 1 and 2 for AMR 12.2kbps.  Two cases for ILPC rates, 1500Hz and 750Hz, are considered.  The averaging is performed assuming 50% voice activity.  It is observed that a significant improvement in average Ec/No is expected due to enhancements outlined in Solution 1.  It should be noted that the UL in Solution 3 is unchanged and similar gains are expected in Solution 1 also.
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Figure 10.4.2-1: Comparison of UL Average Ec/No of AMR 12.2k traffic with 1500Hz ILPC.
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Figure 10.4.2-2: Comparison of UL Average Ec/No of AMR 12.2k with 750Hz ILPC.

For completeness, Tables 10.4.2-1 and 10.4.2-2 show total BLER rate and TPC error rate for all scenarios studied.  Here, it can be seen that final BLER is converging to 1% target in all scenarios, and TPC error rates are within the 5% limit for which T2P values were designed.

Table 10.4.3-1: Total BLER and TPC error rate for AMR 12.2k traffic without SHO

	
	no SHO

	
	R99
	Solution 1, 1500 Hz
	Solution 1, 750Hz

	Channel
	Total BLER
	TPC error rate
	Total BLER
	TPC error rate
	Total BLER
	TPC error rate

	PA3
	0.01
	0.01685
	0.00145
	0.0199
	0.0039
	0.01855

	PB3
	0.0101
	0.0274
	0.00095
	0.03095
	0.00205
	0.02775

	VA30
	0.0101
	0.0383
	0.00775
	0.0398
	0.00945
	0.03675

	VA120
	0.0101
	0.04975
	0.00685
	0.04745
	0.0094
	0.04325


Table 10.4.3-1: Total BLER and TPC error rate for AMR 12.2k traffic with SHO

	
	SHO

	
	R99
	Solution 1, 1500 Hz
	Solution 1, 750Hz

	Channel
	Total BLER
	TPC error rate
	Total BLER
	TPC error rate
	Total BLER
	TPC error rate

	PA3
	0.01005
	0.06525
	0.0006
	0.06405
	0.0019
	0.06025

	PB3
	0.01015
	0.06045
	0.0006
	0.06105
	0.00135
	0.05715

	VA30
	0.0101
	0.06345
	0.0016
	0.06375
	0.0026
	0.06

	VA120
	0.01015
	0.06825
	0.00325
	0.0656
	0.0017
	0.0591


Finally, Figures 10.4.2-3 and 10.4.2-4 show a CDF of success rates for FET for AMR12.2kpbs codec. FET statistics do not include the NULL packet, which can be terminated potentially in Solution 1 (or 3) after the first two slots of the TTI, when the TFCI transmission carried over FET-DPCCH is completed.  These figures show that the statistics of FET are not quite sensitive to channel profile, and in a significant percentage of time, even larger packets terminate earlier than 10ms (the weight of FULL packets in this averaging is about 88% , since NULL packets are excluded).  
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	Figure 10.4.2-3   Average FET success rate statistics at various decoding attempts for AMR 5.9K codec (single link, 1500Hz ILPC)


	Figure 10.4.2-4 Average FET success rate statistics at various decoding attempts for AMR 5.9K codec (single link, 750Hz ILPC)


10.4.3 Link efficiency of AMR 5.9kbps codec

In Figure 10.4.3-1 and Figure 10.4.3-2, the performance of Solution 1 in UL are compared with legacy R99 in SHO and no SHO scenarios with active set size of 1 and 2 for AMR 5.9kpbs traffic.  Two cases for ILPC rates, 1500Hz and 750Hz, are considered.  For AMR 5.9kpbs also, the averaging is performed assuming 50% voice activity.  It is observed that a significant improvement in average Ec/No is expected due to enhancements outlined in Solution 1. Compared to AMR12.2kpbs, the gain for AMR5.9kpbs is slightly higher.  This is because the shorter packets in AMR 5.9kpbs improve the chance of FET.  
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Figure 10.4.3-1: Comparison of UL Average Ec/No of AMR 5.9k traffic with 1500Hz ILPC.
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Figure 10.4.3-2: Comparison of UL Average Ec/No of AMR 5.9k with 750Hz ILPC.
For completeness, Tables 10.4.3-1 and 10.4.3-2 show total BLER rate and TPC error rate for all scenarios studied.  It can be seen that final BLER is converging to 1% target in all scenarios, and TPC error rates are within the 5% limit for which T2P values were designed.
Table 10.4.3-1: Total BLER and TPC error rate for AMR 5.9k traffic without SHO

	
	no SHO

	
	R99
	Solution 1, 1500 Hz
	Solution 1, 750Hz

	Channel
	Total BLER
	TPC error rate
	Total BLER
	TPC error rate
	Total BLER
	TPC error rate

	PA3
	0.01
	0.0206
	0.00145
	0.0192
	0.0039
	0.01795

	PB3
	0.0101
	0.03225
	0.0009
	0.0299
	0.00205
	0.027

	VA30
	0.0101
	0.0439
	0.00755
	0.03895
	0.00955
	0.03835

	VA120
	0.0101
	0.0552
	0.00675
	0.0467
	0.00925
	0.0425


Table 10.4.3-2: Total BLER and TPC error rate for AMR 5.9k traffic with SHO

	
	SHO

	
	R99
	Solution 1, 1500 Hz
	Solution 1, 750Hz

	Channel
	Total BLER
	TPC error rate
	Total BLER
	TPC error rate
	Total BLER
	TPC error rate

	PA3
	0.01005
	0.0805
	0.0006
	0.0638
	0.00195
	0.05955

	PB3
	0.0102
	0.07685
	0.0006
	0.06025
	0.0015
	0.0563

	VA30
	0.01015
	0.0789
	0.0015
	0.0628
	0.0027
	0.05935

	VA120
	0.0101
	0.08215
	0.00095
	0.06275
	0.002
	0.05865


Figures 10.4.3-3 and 10.4.3-4 show a CDF of success rates for FET for AMR5.9kpbs codec. Like AMR1.2kpbs case, FET statistics do not include the NULL packet, which can be terminated potentially in Solution 1 (or 3) after the first two slots of the TTI, when the TFCI transmission carried over FET-DPCCH is completed.  These figures again show that the statistics of FET are not quite sensitive to channel profile, and in a significant percentage of time, even larger packets terminate earlier than 10ms (the weight of FULL packets in this averaging is about 88% , since NULL packets are excluded).  
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	Figure 10.4.3-3   Average FET success rate statistics at various decoding attempts for AMR 5.9K codec (single link, 1500Hz ILPC)


	Figure 10.4.3-4 Average FET success rate statistics at various decoding attempts for AMR 5.9K codec (single link, 750Hz ILPC)


10.4.4 Summary of link efficiency gains due to Solution 1
The expected gains due to enhancements proposed in Solution 1 are summarized in Tables 10.4.4-1 and 10.4.4-2.  As can be seen, consistent improvements in the order of 2dB or more are expected in all scenarios and channel conditions due to proposed enhancements in UL as outlined in Solution 1.  
Table 10.4.4-1: Gains in Average Ec/No due of Solution 1 compared to legacy R99 for AMR 12.2k traffic
	AMR 12.2k
	no SHO
	SHO

	Channel Type
	Gain in Average Ec/No (dB), 1500Hz ILPC
	Gain in Average Ec/No (dB), 750Hz ILPC
	Gain in Average Ec/No (dB), 1500Hz ILPC
	Gain in Average Ec/No (dB), 750Hz ILPC

	PA3
	2.0897
	1.8899
	2.339047
	2.310301

	PB3
	2.342
	2.3751
	2.450368
	2.512044

	VA30
	2.2696
	2.2998
	2.5023
	2.54951

	VA120
	2.3718
	2.4614
	2.456392
	2.54972


Table 10.4.4-2: Gains in Average Ec/No due of Solution 1 compared to legacy R99 for AMR 5.9k traffic

	AMR 5.9
	no SHO
	SHO

	Channel Type
	Gain in Average Ec/No (dB), 1500Hz ILPC
	Gain in Average Ec/No (dB), 750Hz ILPC
	Gain in Average Ec/No (dB), 1500Hz ILPC
	Gain in Average Ec/No (dB), 750Hz ILPC

	PA3
	2.229076
	2.036732
	2.360793
	2.316231

	PB3
	2.567704
	2.614807
	2.593719
	2.658994

	VA30
	2.486812
	2.52216
	2.634028
	2.687321

	VA120
	2.603401
	2.691662
	2.623237
	2.717659


10.5 Uplink Link Evaluation Results: Solution 2

This section presents link evaluation of uplink DCH enhancements described in Section 9 (Solution 2).
In this section, the simulation results for UL ET based on TFCI transmission are presented. The simulation results of Legacy R99 based on TFCI transmission are also presented for comparison.

Link performance of Legacy R99 and that of ET are presented in Table 10.5-1 and Table 10.5-2 for “single link” case, and in Table 10.5-3 and Table 10.5-4 for “two links SHO (soft handover)” case, respectively. The Ec/No benefit for ET against Legacy R99 is summarized in Table 10.5-5. 

Table 10.5-1 - Link Performance for “single link” case of Legacy R99 based on TFCI transmission

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-20.4
	-18.7
	0.0104
	0.0088

	PB3
	-22.1
	-20.3
	0.0102
	0.0096

	VA30
	-22.0
	-20.3
	0.0104
	0.0169

	VA120
	-22.0
	-20.2
	0.0102
	0.0237


Table 10.5-2 - Link Performance for “single link” case of ET based on TFCI transmission

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-22.3
	-20.6
	0.0104
	0.0096

	PB3
	-24.1
	-22.3
	0.0102
	0.0107

	VA30
	-24.2
	-22.4
	0.0102
	0.0194

	VA120
	-24.2
	-22.5
	0.0102
	0.0275


Table 10.5-3 - Link Performance for “two links SHO” case of Legacy R99 based on TFCI transmission

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-23.4
	-21.7
	0.0102
	0.0432

	PB3
	-23.3
	-21.6
	0.0102
	0.0263

	VA30
	-23.1
	-21.4
	0.0105
	0.0304

	VA120
	-22.9
	-21.2
	0.0100
	0.0355


Table 10.5-4 - Link Performance for “two links SHO” case of ET based on TFCI transmission

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-25.0
	-23.3
	0.0107
	0.0323

	PB3
	-25.3
	-23.6
	0.0109
	0.0255

	VA30
	-25.3
	-23.5
	0.0105
	0.0295

	VA120
	-25.0
	-23.2
	0.0102
	0.0395


Table 10.5-5 - Link Performance of ET based on TFCI transmission

	Ec/No benefit (dB)
	PA3
	PB3
	VA30
	VA120

	Single link
	1.9
	2.0
	2.1
	2.3

	Two links SHO
	1.6
	2.0
	2.1
	2.0


As seen in Table 10.5-5, the proposed ET scheme introduces 1.6dB to 2.3dB Ec/No gain depending on the fading channels and different link number.

Moreover, Figure 10.5-1 and Figure 10.5-2 show the early termination statistics for packet types “SID” and “FULL”. From Figure 10.5-1, when receiver collects data of slot 0 ~ slot 6, it tries to decode the speech data, and the successful detection rate is around 0.1 for every channel model when the transmitted packet type is “SID”. ACK is then transmitted for successful detection; otherwise NACK is sent. At slot 29, the accumulated successful detection rate is close to 0.99, which means BLER is close to 0.01. Comparing these two figures, it is found that if the packet size is smaller, early termination may happen earlier. Moreover, Table 10.5-6 provides the averaged required slots for successful early decoding. The average is over different channel models. UL is based on TFCI decoding. To realize early termination, TFCI early decoding is also necessary. To have reliable decoding result, TFCI decoding is performed after 7 slots are collected. Since there is no CRC for NULL, whenever TFCI results is NULL, NULL is claimed and early termination request is sent. Therefore, 7 slots are required for successful early decoding on packet type “NULL”.
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Figure 10.5-1 Early termination statistics for packet type “SID”
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Figure 10.5-2 Early termination statistics for packet type “FULL”

Table 10.5-6 - Averaged required slots for successful early decoding
	Packet Type
	NULL
	SID
	FULL

	Averaged required slots for successful early decoding
	7
	14.0
	16.4


 [------------------------------------------------------------- TEXT END --------------------------------------------------------------]
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