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1
Introduction

DCH Enhancement solutions are studied in TR 25.702 “Study on Dedicated Channel (DCH) enhancements for UMTS”. This contribution evaluates and compares two DL-UL solution pairs in link level simulation and in system level simulation, respectively.
2
DCH Enhancement Solution Comparison
There are two DL transport channel processing proposals for DCH enhancements in TR 25.702, which are Interleave-repeat and Pseudo-flexible RM (rate-matching) [1][2] as shown in Table 1. There are also two major UL transport channel processing solutions for enhanced DCH, which are UL-FET-Less [3] and UL-FET [1] as shown in Table 3. 

Table 1 – DL DCH Enhancement Candidates
	DL Proposals 
	Legacy (ref)
	Interleave-repeat
	Pseudo-flexible RM

	Coding chain
	Legacy

(4 TrCHs)
	DL FET Option 2 (Section 4.2.1.2 of TR 25.702)

(1 TrCH)
	DL FET Option 1 (Section 4.2.1.2 of TR 25.702)

(2 TrCHs)

	Slot format
	Slot format 8
	New slot format

Defined in Table 2 
	New slot format

Defined in Table 2 

	DL TPC rate
	1500Hz
	1500Hz
	1500Hz

	DL FET
	No
	Yes
	Yes

	DL AI for UL FET
	No
	No
	E-HICH-like solution


Table 2 - The proposed new DL DPCH slot format
	Slot Format #i 
	SF 
	Bits/ Slot 
	DPDCH Bits/Slot 
	DPCCH Bits/Slot 

	
	
	
	NData1 
	NData2 
	NTPC 
	NTFCI 
	NPilot 

	New 
	128 
	40 
	6 
	32 
	2 
	0 
	0 


Table 3 - UL DCH Enhancement Candidates
	UL Proposals 
	Legacy (ref)
	UL-FET-Less 
	UL-FET 

	Coding chain
	Legacy  (4 TrCHs)
	Legacy  (4 TrCHs)
	UL FET Option 1 (Section 4.1.1.1 of TR 25.702)

 (2 TrCHs)

	UL DPCCH
	6 Pilot, 2 TFCI, 2 TPC
	Refer to Figure 1
	8 Pilot, 2 TPC

	UL FET-DPCCH
	X
	Yes

	TFCI transmission
	Legacy
	On First 10 DPCCH slots

2sym * 10slots
	UL FET-DPCCH

2 whole slots 

	UL TPC rate
	1500Hz

	UL OLPC 
	Target BLER = 0.01 at 20ms
	Target BLER = 0.15 at 10ms 

	BetaD/BetaC 
	{      X,   7/15, 14/15,

 13/15, 15/14, 15/11}
	{       X, 11/15, 15/11,

  15/12, 15/10, 15/8}
	{      X,   8/15, 15/11,

 13/15, 15/14, 15/11}

	FET feature
	X
	Yes

	CRC bit number
	12
	16

	UL AI for DL FET
	X
	Refer to Figure 1

0dB power difference compared to DPCCH 
	One slot in UL FET-DPCCH

3dB power difference compared to DPCCH 
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Figure 1 –Uplink DPDCH & DPCCH transmission
Frame early termination mechanisms are targeted in “Interleave-repeat”, “Pseudo-flexible RM”, and “UL-FET”, but not required for UL-FET-Less solution. Two DL&UL paired solutions are compared: 

    Scheme_1 : “DL Interleave-repeat + UL-FET-Less” 

    Scheme_2 : “DL Pseudo-flexible RM + UL-FET”.

To realize frame early termination of UL-FET solution, E-HICH-like DL AI for UL FET solution is proposed in [2][3] for DL Pseudo-flexible RM solution, and preliminary ACK detection performance is investigated[4][5]. Therefore, in this contribution E-HICH-like DL AI for UL FET is also embedded in “DL Pseudo-flexible RM”. 
2.1
Link Level Performance Evaluation
Link level performance evaluation is investigated in R1-140251 [2] and R1-140252 [3] for DL and UL solutions, respectively. Please refer to those two contributions for detailed simulation assumption and performance explanation. Table 3 and Table 4 summarize the link gain of these two paired solutions. The performance loss due to abnormal TPC is taken into consideration [6]. There is no DTCH BLER issue in Scheme_1. However, UL DTCH BLER is not able to achieve the requirement in “PA3, three links SHO” case in Scheme_2 [3]. BLER in “PA3, three links SHO” case is 2.89%, and the requirement is 1%.
Table 3 – Link gain of Scheme_1 relative to R99
	Link gain (dB)
	Single link
	Two links SHO
	Three links SHO

	DL
	2.47
	1.91
	1.83

	UL
	0.76
	0.85
	0.85


Table 4 – Link gain of Scheme_2 relative to R99
	Link gain (dB)
	Single link
	Two links SHO
	Three links SHO

	DL
	2.09
	1.20
	1.07

	UL
	1.03
	1.21
	1.24


To estimate the whole system capacity improvement with link level simulation results, the average loads contributed from UEs with different number of links are extracted from system simulation. Table 5 lists the extracted information from system simulation. Please refer to Section 8 of TR 25.702 for basic system simulation assumptions. With SHO parameter R1a (reporting range constant) being 6 dB, UE number with one link, two links SHO, and three links SHO takes 56%, 23.2%, and 20.8%, respectively. The average DL load per cell is 25.3%, 30.3%, and 44.4%, respectively. This also shows that although UEs in three links SHO takes only 20.8% in UE number, they occupies 44.4% of DL load, which is significant in DL load. The distribution is similar in PA3 or in VA30, and Table 5 provides the average results.
Table 5 – Average load percentage extracted from system simulation
	
	UEs with one link
	UEs in two links SHO
	UEs in three links SHO

	UE number percentage (%) 
	56.0 
	23.2
	20.8

	Average DL voice load per cell contributed from    (%) 
	25.3
	30.3
	44.4

	Average UL voice load per cell contributed from    (%) 
	44.9
	24.2
	30.9


Taking into the load percentage into account, Table 6 summarizes the final comparison results. DL and UL voice load reduction gains of Scheme_1 are 2.01dB and 0.81dB, respectively. Those of Scheme_2 are 1.35dB and 1.14dB, respectively. Scheme_2 has 0.33dB extra benefit in UL. However, Scheme_2 has 0.66dB worse DL benefit. DL capacity improvement is always more important than UL capacity improvement.
Table 6 – Voice load reduction gain comparison between Scheme_1 and Scheme_2
	Voice load reduction gain (dB)
	Scheme_1
(DL Interleave-repeat 
 + UL-FET-Less)
	Scheme_2
(DL Pseudo-flexible RM

  + UL-FET)
	Scheme_2 –
Scheme_1

	DL
	2.01
	1.35
	-0.66

	UL
	0.81
	1.14
	0.33


2.2
System Level Performance Evaluation

System level performance for Scheme_1 and Scheme_2 are provided in this section. The basic system simulation assumptions are list in Section 8 of [1]. Please refer to contributions [2] and [3] for additional simulation settings.

2.2.1     Downlink Simulation Results

Table 7 and Table 8 show the BS power reduction gain of average power used by voice users in Interleave-repeat and Pseudo-flexible RM for PA3 and VA30, respectively. Compared to Legacy, the gains are 2.74dB and 2.10dB for Interleave-repeat and Pseudo-flexible RM in PA3, respectively. In VA30, the gains are 2.67dB and 2.03dB for Interleave-repeat and Pseudo-flexible RM, respectively. It can be observed that the Interleave-repeat solution outperforms Pseudo-flexible RM by 0.64 dB in both PA3 and VA30. The power reduction in voice users can be translated to HSDPA throughput.
Table 7 - Power reduction gain of average power used by voice users in PA3

	BS power reduction gain (dB)

	Number of voice users per cell
	Interleave-repeat
	Pseudo-flexible RM

	8
	2.72
	2.17

	16
	2.83
	2.21

	24
	2.86
	2.17

	32
	2.82
	2.15

	40
	2.76
	2.11

	48
	2.44
	1.80

	Average
	2.74
	2.10


Table 8 - Power reduction gain of average power used by voice users in VA30
	BS power reduction gain (dB)

	Number of voice users per cell
	Interleave-repeat
	Pseudo-flexible RM

	8
	2.73
	2.05

	16
	2.66
	2.02

	24
	2.65
	2.01

	32
	2.66
	2.01

	40
	2.66
	2.04

	48
	2.66
	2.02

	Average
	2.67
	2.03


For both Interleave-repeat and Pseudo-flexible RM, the system outage performances are smaller than 1% in all simulated cases.

2.2.2     Uplink Simulation Results

Uplink simulation results are not given in this sub-section since it’s hard to find the target BLER at 10ms for UL-FET in Scheme_2 to get an acceptable system outage performance under 5% in PA3. System outage performances for UL-FET-Less in Scheme_1 are smaller than 5% in all simulated cases. However, the outage rates for UL-FET are high in PA3. Table 9 shows the outage performances for UL-FET in different target BLER at 10ms in PA3.

Table 9 – System outage performance for UL-FET in Scheme_2, PA3
	Number of voice users per cell
	Target BLER is 0.15 at 10ms
	Target BLER is 0.1 at 10ms

	8
	14.91%
	6.14%

	16
	14.69%
	7.57%

	24
	14.11%
	6.21%

	32
	14.53%
	6.63%

	40
	13.77%
	6.67%

	48
	14.51%
	6.14%


3
Conclusions
Two DL-UL solution pairs are evaluated and compared in link level simulation and in system level simulation.  The below list some reasons that Scheme_1 is better than Scheme_2.

1. Scheme_1 has 0.6dB better DL link gain.

2. UL-FET-Less of Scheme_1 needs quite little spec change.

3. There is no BLER performance degradation in Scheme_1. However, BLER in “PA3, three links SHO” case of Scheme_2 is 2.89%, and the requirement is 1%. The bad BLER performance makes the whole system outage, as shown in Table 9.
4. Scheme_1 has better TFCI decoding performance.
5. Abnormal TPC is more serious in Scheme_2 [6].
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Appendix

5.1
AI error rate for FET
The below two tables list AI error rate assumption for FET. It is noted that these values are given under detailed investigation from [2] [3].
Table 10 – UL AI assumptions for two DL FET solutions
	Parameter 
	Interleave-repeat 
	Pseudo-flexible RM 

	FAR of UL AI for DL FET
(false alarm rate) 
	0.0004 for single link 
0.003 for SHO 
	0.0004 for single link 
0.003 for SHO 

	MDR of UL AI for DL FET
(miss detection rate) 
	0.06 for single link 
0.13 for SHO 
	0.08 for single link 
0.18 for SHO 


Table 11 – DL AI assumptions for UL-FET
	DL AI error rate for UL-FET
	Single link
	Two links SHO
	Three links SHO

	PA3
	FAR = 10^-4
MDR = 0.1 
	FAR = 0.005
MDR = 0.1 
	FAR = 0.01
MDR = 0.15 

	PB3, VA30, VA120
	FAR = 10^-4
MDR = 0.1 
	FAR = 0.0005
MDR = 0.1 
	FAR = 0.001
MDR = 0.15 
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