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1
Introduction

DCH enhancement performance is studied with ideal FET-AI (frame early termination - ack indicator) feedback in TR 25.702 “Study on Dedicated Channel (DCH) enhancements for UMTS”. This contribution provides link level performance analysis for non-ideal FET-AI feedback.
2
Downlink DCH Enhancement Performance Evaluation
2.1
Downlink DCH Enhancement Solutions
In this contribution, three mechanisms are evaluated and compared.
Mechanism A : Legacy R99 system. This is for performance reference.
Mechanism B : “Downlink Frame Early Termination (FET) Option 2 (Section 4.2.1.2 of TR 25.702)” + “Removal of dedicated pilots (Section 4.2.2 of TR 25.702)”. Regarding FET-AI feedback, a so-called repeated ACK is applied. Before UE has successful DL data decoding, UE always sends NACK to NodeB in every FET-AI chance. After successful decoding, UE always sends ACK to NodeB in every FET-AI chance until UE enters ET Gap.
Mechanism C : “Downlink Frame Early Termination (FET) Option 3 (Section 4.2.1.3 of TR 25.702)” + “Removal of dedicated pilots (Section 4.2.2 of TR 25.702)”. Regarding FET-AI feedback, a so-called single-shot ACK is applied. Before UE has successful DL data decoding, UE always sends NACK to NodeB in every FET-AI chance. Whenever successful decoding occurs, UE sends one ACK in corresponding FET-AI chance. After one ACK is sent, UE sends NACK to NodeB in every following FET-AI chance until UE enters ET Gap.
The below table shows the slot format used for Mechanism B and C.
Table 2.1.1 - The proposed new DL DPCH slot formats
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	17
	60
	30
	128
	40
	6
	32
	2
	0
	0
	15


This contribution focuses on FET-AI feedback error analysis. Since FET-AI transmission mechanism is still under discussion. To isolate the ET performance and the FET-AI mechanisms, it is assumed FET-AI can be transmitted in some way.
2.2
Performance Evaluation

2.2.1     Simulation Assumptions

FET-AI feedback error rate is no more assumed to be 0. fetai_mdr is the FET-AI miss detection rate, which is defined as the probability that NACK is detected but ACK is transmitted for each FET-AI transmission. fetai_far is the FET-AI false alarm rate, which is defined as the probability that ACK is detected but NACK is transmitted for each FET-AI transmission. The FET-AI feedback delay is assumed 2 slots. Two FET-AI feedback masks for DL ET are used for evaluation. One is [3:1:27], which means UL Slot#3 ~ UL Slot#27, every slot. The corresponding early decoding attempts at receiver are DL slots [2:1:26]. The other FET-AI feedback mask is [11:2:27]. 
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Figure 2.2.1.1 – FET-AI feedback assumption with FET-AI feedback mask [3:1:27]
When DL and UL data transmission are both early terminated, DPCCH can be also terminated with negligible impact to system performance. UL is not simulated in DL performance simulation. For simplicity, UL is assumed decoded successfully and ACK for UL data is sent in Slot#9. When NodeB receives an ACK to indicate successful decoding for DL data before Slot#9, NodeB stops DL DPDCH transmission, and keeps to transmit DPCCH signals. After Slot#10, NodeB awares that DL and UL data are both successfully decoded, and DPCCH is also terminated until the warming up slot, i.e., Slot#29 in our simulation assumption. The period is called ET Gap or UE gating period. If NodeB receives an ACK for DL data after Slot#9, it terminates both DPDCH and DPCCH at the same time. The below is an ET Gap example. 
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Figure 2.2.1.2 – An ET Gap/UE gating period example
Table 2.2.1.1 lists parameters specific to ET. Additional parameters are listed in Table 2.2.1.2. Please refer to Section 8 of TR 25.702 for remaining simulation assumptions.
Table 2.2.1.1 – ET related parameters

	Parameter
	Description

	FET-AI feedback error rate
	fetai_mdr & fetai_far
defined in simulation

	FET-AI feedback delay
	2 slots

	FET-AI feedback mask
	[3:1:27] or [11:2:27]

	ET Gap warm up slot number
	1

	CRC size
	16


Table 2.2.1.2 – Some other parameters

	Parameter
	Description

	Speech codec
	AMR 12.2k

	Packet types
	Null, SID, Full
average by probability {0.4375, 0.0625, 0.5}

	TFCI or BTFD
	BTFD

	TPC rate
	1500Hz

	Channel models
	PA3, PB3, VA30, VA120

	Geometry
	{0, 3, 6, 9, 12} for single link

{-3, 0, 3} for two links SHO

	RX finger assignment
	The unit is 1/8 chip

PA : [0, 3, 6, 13]

PB : [0, 6, 25, 37, 71, 114]

VA : [0, 10, 22, 33, 53, 77]

	CE mechanism
	PWC

	CE average symbol length
	29 symbols

	DPDCH power adjustment in Mechanism B
( "Final DPDCH Tx power" = "DPDCH Tx power" + "DPDCH power adjustment" )
	-10.48 dB for "Null"
-6.29 dB for "SID"

0 dB for "Full"


2.2.2     Simulation Results with FET-AI feedback mask [3:1:27]
FET-AI feedback mask [3:1:27] with non-ideal FET-AI feedback is applied in Mechanism B to see the performance degradation in this section. In simulation setting, fetai_far = 0, 0.001, and 0.005 in single link case and fetai_far = 0, 0.005, 0.01 in two links SHO case. Larger fetai_far is applied in two links SHO case. This is because from our investigation, it is hard for two links SHO case to achieve the same fetai_far performance as in single link case. Similarly, fetai_mdr = 0, 0.05, and 0.1 in single link case and fetai_mdr = 0, 0.1, 0.15 in two links SHO case. The Ec/Ior benefit against Legacy R99 is summarized in Table 2.2.2.1 for single link case and in Table 2.2.2.2 for two links SHO case. The Ec/Ior benefit (in dB) is averaged over different geometry and different channel models in dB domain.
Table 2.2.2.1 – Ec/Ior benefit for single link case
	Ec/Ior benefit
	fetai_far=0
	0.001
	0.005

	fetai_mdr = 0
	3.35
	2.93
	-1.18

	fetai_mdr = 0.05
	3.29
	2.86
	-1.47

	fetai_mdr = 0.1
	3.21
	2.77
	-1.52


Table 2.2.2.2 – Ec/Ior benefit for two links SHO case
	Ec/Ior benefit
	fetai_far=0
	0.005
	0.01

	fetai_mdr = 0
	3.24
	-0.99
	-1.59

	fetai_mdr = 0.1
	3.07
	-1.21
	-1.87

	fetai_mdr = 0.15
	3.03
	-1.31
	-1.91


From Table 2.2.2.1, one may find that the performance degradation of non-zero fetai_far is more serious than that of non-zero fetai_mdr. If miss detection happens, it implies that UE has successful decoding and NodeB does not stop remaining un-necessary data transmission. There is little extra power wasting in this situation, it is not harmful BLER, and the performance degradation is less serious. When false alarm occurs, it implies UE does not yet have successful decoding but NodeB stops the remaining data transmission. False alarm will make BLER increase. To meet the same BLER requirement, the system needs more power to achieve a better BLER to compensate the BLER increase due to false alarm. BLER requirement is even not achievable when false alarm rate is serious. The phenomenon is the same for single link case and for two links SHO case. From the column “fetai_far=0.005” of Table 2.2.2.2, it is found Mechanism B is even worse than Legacy R99 if fetai_far=0.005. The simulation shows FET-AI feedback mask [3:1:27] is not practical for ET due to serious false alarm issue.
2.2.3     Simulation Results with FET-AI feedback mask [11:2:27]

The more FET-AI feedback chances are, the more Ec/Ior benefit is for ideal FET-AI feedback. However, when fetai_far is not zero, the FET-AI feedback chances have to be designed carefully. With fixed fetai_far for single FET-AI chance, more FET-AI feedback chances in a TTI mean that false alarm happens with larger probability in a TTI. In addition, it is with larger probability to send a NACK for earlier FET-AI feedback chances. Therefore an earlier FET-AI feedback chance contributes larger false alarm rate in TTI aspect compared to a later FET-AI feedback chance. According to these two guideline, feedback mask [11:2:27] is used for simulation in this section.
The Ec/Ior benefit of Mechanism B against Legacy R99 is summarized in Table 2.2.3.1 for single link case and in Table 2.2.3.2 for two links SHO case. The Ec/Ior benefit (in dB) is averaged over different geometry and different channel models in dB domain. It is found the Ec/Ior benefit with mask [11:2:27] for “fetai_far=0 & fetai_mdr=0” is worse than that with mask [3:1:27]. However, it is more robust to fetai_far&fetai_mdr with FET-AI feedback mask [11:2:27]. For example, there is still 2.85dB gain in single link with fetai_far=0.001 and fetai_mdr=0.1, and 2.48dB gain in two links SHO with fetai_far=0.005 and fetai_mdr=0.15.
Table 2.2.3.1 – Ec/Ior benefit of Mechanism B for single link case
	Ec/Ior benefit 
	fetai_far=0
	0.001
	0.005

	fetai_mdr = 0
	3.11
	3.08
	2.90

	fetai_mdr = 0.05
	2.99
	2.95
	2.77

	fetai_mdr = 0.1
	2.90
	2.85
	2.66


Table 2.2.3.2 – Ec/Ior benefit of Mechanism B for two links SHO case
	Ec/Ior benefit 
	fetai_far=0
	0.005
	0.01

	fetai_mdr = 0
	3.00
	2.79
	2.60

	fetai_mdr = 0.1
	2.79
	2.59
	2.33

	fetai_mdr = 0.15
	2.69
	2.48
	2.24


The Ec/Ior benefit of Mechanism C against Legacy R99 is summarized in Table 2.2.3.3 for single link case and in Table 2.2.3.4 for two links SHO case. Similar phenomenon for Mechanism C is observed due to non-ideal FET-AI feedback.
Table 2.2.3.3 – Ec/Ior benefit of Mechanism C for single link case
	Ec/Ior benefit 
	fetai_far=0
	0.001
	0.005

	fetai_mdr = 0
	3.04
	3.02
	2.85

	fetai_mdr = 0.05
	2.95
	2.90
	2.75

	fetai_mdr = 0.1
	2.83
	2.81
	2.60


Table 2.2.3.4 – Ec/Ior benefit of Mechanism C for two links SHO case
	Ec/Ior benefit
	fetai_far=0
	0.005
	0.01

	fetai_mdr = 0
	2.95
	2.74
	2.56

	fetai_mdr = 0.1
	2.74
	2.54
	2.31

	fetai_mdr = 0.15
	2.62
	2.43
	2.16


2.3
Conclusion

When non-ideal FET-AI feedback is taken into consideration, it is not practical to have too many FET-AI feedback chances in a TTI. FET-AI feedback mask with [11:2:27] is simulated in this contribution and is robust to non-ideal FET-AI feedback. With non-ideal FET-AI feedback, the Ec/Ior benefit is expected still more than 2dB. Similar degradation due to non-ideal FET-AI feedback is observed for both Mechanism B and Mechanism C. FET-AI feedback mask candidates should be re-visited after the whole DCH enhancement design is finalized.
3
Uplink DCH Enhancement Performance Evaluation
3.1
Uplink DCH Enhancement Solutions

In this contribution, three mechanisms are evaluated and compared.

Mechanism A : Legacy R99 system. This is for performance reference.

Mechanism B : “Uplink Frame Early Termination Option 2 (Section 4.1.1.2 of TR 25.702)” + “A new control channel for TFCI transmission (Section 4.1.3.1 of TR 25.702)” + “TFCI fields in UL DPCCH replaced by Pilot fields”
Mechanism C : “Uplink Frame Early Termination Option 1 (Section 4.1.1.1 of TR 25.702)” + “A new control channel for TFCI transmission (Section 4.1.3.1 of TR 25.702)” + “TFCI fields in UL DPCCH replaced by Pilot fields”

This contribution focuses on FET-AI feedback error analysis. Since FET-AI transmission mechanism is still under discussion. To isolate the ET performance and the FET-AI mechanisms, it is assumed FET-AI can be transmitted in some way.

3.2
Performance Evaluation

3.2.1     Simulation Assumptions

Similarly as DL simulation, parameters fetai_mdr and fetai_far are introduced into simulation. The FET-AI feedback delay is assumed 2 slots. Only FET-AI feedback mask [11:2:27] is applied in simulation since FET-AI feedback in every slot is also not feasible as the same reason in DL simulation analysis. 
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Figure 3.2.1.1 – FET-AI feedback assumption

When DL and UL data transmission are both early terminated, DPCCH can be also terminated with negligible impact to system performance. DL is not simulated in UL performance simulation. Similarly as in DL simulation assumption, DL is assumed decoded successfully and ACK for DL data is sent in Slot#9.
[image: image4.png]B

7

8

RX decoding and
ACK feedback

g9 10 11

| ET Gap/ UE gating period

o e |
19 13 14 15 16 17 18 18 20 21 22 23 24 95 96 27 28 00





Figure 3.2.1.2 – An ET Gap/UE gating period example

Table 3.2.1.1 lists parameters specific to ET. Additional parameters are listed in Table 3.2.1.2. Please refer to Section 8 of TR 25.702 for remaining simulation assumptions.
Table 3.2.1.1 – ET related parameters

	Parameter
	Description

	FET-AI feedback error rate
	fetai_mdr & fetai_far

defined in simulation

	FET-AI feedback delay
	2 slots

	FET-AI feedback mask
	[11:2:27]

	ET Gap warm up slot number
	1

	CRC size
	16


Table 3.2.1.2 – Some other parameters

	Parameter
	Description

	Speech codec
	AMR 12.2k

	Packet types
	Null, SID, Full
average by probability 
{0.4375, 0.0625, 0.5}
(Null is not simulated. Use SID’s DPCCH power and average ET Gap period to calculate Null’s DPCCH power)

	TFCI or BTFD
	TFCI

	TPC rate
	1500Hz

	Channel models
	PA3, PB3, VA30, VA120

	RX finger assignment
	The unit is 1/8 chip

PA : [0, 3, 6, 13]

PB : [0, 6, 25, 37, 71, 114]

VA : [0, 10, 22, 33, 53, 77]

	CE mechanism
	PWC

	CE average symbol length
	29 symbols

	βd/ βc for SID, FULL
	{7/15, 14/15} in Mechanism A, B

{8/15, 15/11} in Mechanism C

	OLPC setting
	BLER=0.01 at 20ms in Mechanism A, B

BLER=0.15 at 10ms in Mechanism C


3.2.2     Simulation Results

Ec/No benefit over Legacy R99(dB), TPC CER, and BLER performance of Mechanism B are presented in Table 3.2.2.1 for single link case and in Table 3.2.2.2 for two links SHO case. Ec/No, TPC CER, and BLER performance of Legacy R99 are also presented in Table 3.2.2.3 as reference. The Ec/No benefit is averaged over channel models. Performance degradation due to miss detection is little larger in UL than in DL. This is because the DTX of UL DPCCH saves significant power in UL. When miss detection happens, UE has also no chance for DPCCH DTX and wastes little more power. Other phenomena are similar to those in DL. There is larger Ec/No degradation in two links SHO with non-zero fetai_far. However, TPC CER becomes much better compared to that of Legacy R99 since the UL DPCCH operating point is higher due to more serious false alarm in two links SHO. BetaD/BetaC can be optimized further to maintain the similar TPC CER performance for extra Ec/No benefit. With FET-AI feedback mask [11:2:27], there is still 2.01dB gain in single link with fetai_far=0.001 and fetai_mdr=0.05, and 1.59dB gain in two links SHO with fetai_far=0.005 and fetai_mdr=0.1.
Table 3.2.2.1 – Ec/No, TPC CER, and BLER performance of Mechanism B for “single link” case

	fetai_far =

fetai_mdr =
	0

0
	0.001

0
	0.005

0
	0

0.05
	0.001

0.05
	0.005

0.05
	0

0.1
	0.001

0.1
	0.005

0.1

	Ec/No benefit
	2.47 
	2.45 
	2.22 
	2.13 
	2.01 
	1.60 
	1.80 
	1.60 
	1.07 

	TPC CER 
	0.0142 
	0.0131 
	0.0097
	0.0136 
	0.0129 
	0.0091 
	0.0132 
	0.0122 
	0.0089 

	BLER
	PA3
	0.0110 
	0.0110 
	0.0110 
	0.0108 
	0.0110 
	0.0111 
	0.0108 
	0.0108 
	0.0110 

	
	PB3
	0.0102 
	0.0102 
	0.0102 
	0.0100 
	0.0102 
	0.0103 
	0.0100 
	0.0102 
	0.0104 

	
	VA30
	0.0104 
	0.0103 
	0.0103 
	0.0105 
	0.0105 
	0.0104 
	0.0107 
	0.0108 
	0.0105 

	
	VA120
	0.0106 
	0.0105 
	0.0106 
	0.0105 
	0.0106 
	0.0103 
	0.0106 
	0.0103 
	0.0103 


Table 3.2.2.2 – Ec/No, TPC CER, and BLER performance of Mechanism B for “two links SHO” case

	fetai_far =

fetai_mdr =
	0

0
	0.005

0
	0.01

0
	0

0.1
	0.005

0.1
	0.01

0.1
	0

0.15
	0.005

0.15
	0.01

0.15

	Ec/No benefit
	2.44 
	1.91 
	1.58 
	2.24 
	1.59 
	1.31 
	2.14 
	1.36 
	0.98 

	TPC CER 
	0.0314 
	0.0174 
	0.0131 
	0.0306 
	0.0172 
	0.0133 
	0.0298 
	0.0165 
	0.0123 

	BLER
	PA3
	0.0174 
	0.0128 
	0.0129 
	0.0156 
	0.0123 
	0.0127 
	0.0153 
	0.0130 
	0.0126 

	
	PB3
	0.0115 
	0.0108 
	0.0112 
	0.0113 
	0.0110 
	0.0110 
	0.0116 
	0.0107 
	0.0110 

	
	VA30
	0.0130 
	0.0118 
	0.0117 
	0.0126 
	0.0109 
	0.0114 
	0.0123 
	0.0112 
	0.0112 

	
	VA120
	0.0119 
	0.0114 
	0.0112 
	0.0116 
	0.0110 
	0.0111 
	0.0118 
	0.0108 
	0.0109 


Table 3.2.2.3 – Ec/No, TPC CER, and BLER performance of Legacy R99

	Legacy R99 
	Single link 
	Two links SHO 

	Required Ec/No 
	-19.9 dB 
	-21.4 dB 

	TPC CER
	0.0146 
	0.0330 

	BLER
	PA3
	0.0110 
	0.0112 

	
	PB3
	0.0103 
	0.0105 

	
	VA30
	0.0105 
	0.0105 

	
	VA120
	0.0105 
	0.0107 


Ec/No benefit over Legacy R99(dB) and BLER performance of Mechanism C are presented in Table 3.2.2.4 for single link case and in Table 3.2.2.5 for two links SHO case. The Ec/No benefit is averaged over channel models. Performance degradation due to miss detection is larger compared to Mechanism B. This is because BetaD/BetaC is larger in Mechanism C. Larger BetaD/BetaC helps early termination to happen earlier. However, if ACK miss detection occurs, it wastes more power instead. With different OLPC algorithm, the false alarm introduces increased BLER rather then Ec/No power waste. The phenomenon is less serious in single link case. However, it is serious in two links SHO case. For example, with fetai_far=0.005, BLERs are in general > 0.015. There is TTI BLER convergence issue in Mechanism C.

Table 3.2.2.4 – Ec/No, TPC CER, and BLER performance of Mechanism C for “single link” case
	fetai_far =

fetai_mdr =
	0

0
	0.001

0
	0.005

0
	0

0.05
	0.001

0.05
	0.005

0.05
	0

0.1
	0.001

0.1
	0.005

0.1

	Ec/No benefit
	2.91
	2.91
	2.91
	2.06
	2.12
	2.08
	1.42
	1.48
	1.44

	TPC CER 
	0.0190 
	0.0190 
	0.0189 
	0.0180 
	0.0181 
	0.0182 
	0.0174 
	0.0175 
	0.0175 

	BLER
	PA3
	0.0018
	0.0034
	0.0051
	0.0021
	0.0029
	0.0060
	0.0017
	0.0026
	0.0078

	
	PB3
	0.0007
	0.0014
	0.0070
	0.0020
	0.0030
	0.0052
	0.0008
	0.0022
	0.0062

	
	VA30
	0.0126
	0.0149
	0.0193
	0.0122
	0.0125
	0.0157
	0.0115
	0.0123
	0.0158

	
	VA120
	0.0071
	0.0084
	0.0116
	0.0057
	0.0078
	0.0099
	0.0069
	0.0069
	0.0125


Table 3.2.2.5 – Ec/No, TPC CER, and BLER performance of Mechanism C for “two links SHO” case

	fetai_far =

fetai_mdr =
	0

0
	0.005

0
	0.01

0
	0

0.1
	0.005

0.1
	0.01

0.1
	0

0.15
	0.005

0.15
	0.01

0.15

	Ec/No benefit
	2.93
	2.91
	2.93
	2.55
	2.59
	2.59
	2.33
	2.34
	2.36

	TPC CER 
	0.0377 
	0.0375 
	0.0372 
	0.0369 
	0.0366 
	0.0358 
	0.0361 
	0.0358 
	0.0357 

	BLER
	PA3
	0.0101
	0.0201
	0.0312
	0.0079
	0.0156
	0.0275
	0.0057
	0.0180
	0.0281

	
	PB3
	0.0037
	0.0151
	0.0270
	0.0025
	0.0146
	0.0249
	0.0032
	0.0132
	0.0253

	
	VA30
	0.0067
	0.0180
	0.0272
	0.0074
	0.0196
	0.0297
	0.0065
	0.0140
	0.0304

	
	VA120
	0.0042
	0.0140
	0.0279
	0.0045
	0.0174
	0.0259
	0.0044
	0.0134
	0.0240


3.3
Conclusion

Performance degradation due to non-ideal FET-AI feedback is larger in UL compared to that in DL. FET-AI feedback mask with [11:2:27] is simulated in this contribution and is fine to non-ideal FET-AI feedback. It is still expected to have 2.01dB Ec/No benefit in single link case and 1.59dB in two links SHO case with non-ideal FET-AI feedback for Mechanism B. TTI BLER guarantee is an issue for Mechanism C.
4
Conclusions
Link level performance of DCH enhancement proposals are analyzed for non-ideal FET-AI feedback.
When non-ideal FET-AI feedback is taken into consideration, it is not practical to have too many FET-AI feedback chances in a TTI. FET-AI feedback mask with [11:2:27] is simulated both in DL and in UL and the performance degradation due to non-ideal FET-AI feedback is limited. FET-AI feedback mask candidates should be re-visited after the whole DCH enhancement design is finalized.
In DL, similar degradation due to non-ideal FET-AI feedback is observed for both “Downlink Frame Early Termination (FET) Option 2” and “Downlink Frame Early Termination (FET) Option 3”. More than 2dB Ec/Ior benefit is expected with non-ideal FET-AI feedback.
In UL, with non-ideal FET-AI feedback, “Uplink Frame Early Termination Option 2” is expected to have ~2dB Ec/No benefit in single link case and ~1.6dB in two links SHO case. TTI BLER guarantee is an issue for “Uplink Frame Early Termination Option 1”.
5
References

[1] TR 25.702, “Study on Dedicated Channel (DCH) enhancements for UMTS”









