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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 provides link level performance comparison among various frame early termination (FET) ACK Indication (AI) solutions proposed in TR.
2
Performance Evaluation for DL ACK Indication for UL Frame Early Termination 
2.1
Downlink DCH Enhancement Solutions
In the contribution [2], 3 mechanisms A, B and C are evaluated and compared. Mechanism A is simulated as a reference model. We doubled the number of TPC symbols and reduce the TPC power offset as 0dB (original setting is 3dB) on Mechanism B to model the DL ACK indication for UL FET Option 3. As for Mechanism C, we modeled the DL ACK indication for UL FET Option 2 instead. 
· 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)” + “DL ACK Indication for UL Frame Early Termination Option 3 (Section 4.2.3.3 of TR 25.702)”
· 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)” + “DL ACK Indication for UL Frame Early Termination Option 2 (Section 4.2.3.2 of TR 25.702)”
Table 2.1.1 shows the slot format 18 and 17 used for Mechanism B and C, respectively. The TPC power offset for slot format 18 and 17 are 0dB and 3dB, respectively.
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

	18
	60
	30
	128
	40
	4
	32
	4
	0
	0
	15


2.1.1     Modeling of DL AI for UL FET Option 2: ACK on a new code channel
1. Use the settings of E-HICH with spreading factor = 128
2. Slot-based commanding is applied

3. DL AI for UL FET = ACK on some slot in 1 minimum TTI, the rest slots are modelled as NACK.

4. Sub-channel index = 20 (Among 0…39)
5. Tdpch is set as 0
6. DL AI for UL FET is sent once every 2 slots from slot #11 to slot #27, as illustrated in Figure 2.1.1.1.
7. Power allocation of DL AI for UL FET is specified in Table 2.1.1.1
8. Detection threshold = 0.65 (Little higher than 0.5 to minimize false alarm rate)
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Figure 2.1.1.1 – Model of DL AI for UL FET Option 2
Table 2.1.1.1 – Ec/Ior of DL AI for UL FET Option 2
	Single Link
	Ior/Ioc = 0dB
	Ior/Ioc = 3dB
	Ior/Ioc = 6dB
	Ior/Ioc = 9dB
	Ior/Ioc = 12dB

	PA3
	-11 dB
	-14 dB
	-17 dB
	-20 dB
	-22 dB

	PB3/VA30/VA120
	-18 dB
	-20 dB
	-22 dB
	-23 dB
	-24 dB

	2-Links
	Ior/Ioc = -3dB
	Ior/Ioc = 0dB
	Ior/Ioc = 3dB
	
	

	PA3
	-12 dB
	-14 dB
	-16 dB
	
	

	PB3/VA30/VA120
	-17 dB
	-18 dB
	-19 dB
	
	


2.1.2     Modeling of DL AI for UL FET Option 3: ACK using spared TPC symbols
9. Use spared TPC symbols as DL AI for UL FET
10. DL AI for UL FET is sent once every 2 slots from slot #11 to slot #27, as illustrated in Figure 2.1.2.1.
11. DL AI for UL FET = ACK since some slot in 1 minimum TTI
12. Power offset of TPC symbols as DL AI for UL FET usage is 4.5dB for single link and 7.5dB for 2-links.
13. Power offset of TPC symbols as TPC usage is 0dB.

14. Detection threshold = 0.65 (Little higher than 0.5 to minimize false alarm rate)
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Figure 2.1.2.1 – Model of DL AI for UL FET Option 3
This contribution focuses on DL AI detection performance and additional power consumption due to DL AI for UL FET transmission. 
2.2
Performance Evaluation

2.2.1     Simulation Assumptions

UL ACK indication error for DL FET was modeled. Miss detection rate is 0.2 and false alarm rate is 0.001. The receiver decoding attempts are assumed slot 11 to slot 27 within a TTI. Refer to another contribution [3], the AI round trio delay is set as 2 slots and 3 slots for Mechanism B and C respectively. 
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

	UL FET AI error rate for DL FET
	MDR = 0.2, FAR = 0.001

	FET-AI feedback delay
	2 slots

	Decoding attempts
	slot 11~ slot 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

Table 2.2.2.1 showed the detection performance of DL AI for UL FET. The power setting for Mechanism C is not optimized. The DL AI Ec/Ior shall be lower to match the performance of Mechanism B. Of course, the power consumption for DL AI transmission for UL FET will be around 0.1 dB lower for Mechanism C. 
The detection false alarm rate and miss detection rate in third row of Table 2.2.2.1 will be modelled in UL simulation (Section 3).
Table 2.2.2.1 – DL AI detection performance
	
	Single link FAR
	2-links FAR
	Single link MDR 
	2-links MDR

	Mechanism B
	0.002
	0.010
	0.05
	0.08

	Mechanism C
	0.001
	0.005
	0.03
	0.06

	Error rate modeled in UL
	0.001
	0.005
	0.05
	0.10


Table 2.2.2.2 and Table 2.2.2.3 showed the power consumption of DL AI for UL FET. For Mechanism B, only couples of TPC symbols are transmitted with higher power offset (4.5dB / 7.5dB) since DL DPCCH will stop transmission during gating off period. In addition, the DL TPC is also impacted since some TPC commands are replaced with AI command in UL. As we can see, the impact of above 2 modifications on power consumption is quite small and can be neglected. 
For Mechanism C, the transmission power of new DL AI channel for UL FET is considered. During the deep fading period, especially for PA3, it’s hard to achieve low false alarm rate as 0.001. Therefore high Ec/Ior is required for this new channel.
Table 2.2.2.2 – Additional power consumption for DL AI transmission for single link
	Single link
	PA3
	PB3
	VA30
	VA120
	Average

	Mechanism B
	0.1
	0.1
	0.0
	0.0
	0.1

	Mechanism C
	0.5
	0.2
	0.2
	0.2
	0.3


Table 2.2.2.3 – Additional power consumption for DL AI transmission for 2-links

	Single link
	PA3
	PB3
	VA30
	VA120
	Average

	Mechanism B
	0.1
	0.1
	0.1
	0.1
	0.1

	Mechanism C
	0.7
	0.4
	0.3
	0.4
	0.5


Table 2.2.2.4 and Table 2.2.2.5 showed the overall Ec/Ior benefit for both Mechanism B and C. Under error free AI for FET environment, the Ec/Ior performance of Mechanism B and Mechanism C are quite close. Consider feedback error of AI for FET and the transmission power of AI for FET, the Mechanism B outferformed Mechanism C by 0.5dB.
Table 2.2.2.4 – Ec/Ior benefit for single link case
	Single link
	PA3
	PB3
	VA30
	VA120
	Average

	Mechanism B
	2.2
	2.5
	3.0
	2.8
	2.6

	Mechanism C
	1.6
	2.0
	2.5
	2.4
	2.1


Table 2.2.2.5 – Ec/Ior benefit for two links case
	Two links
	PA3
	PB3
	VA30
	VA120
	Average

	Mechanism B
	2.2
	2.5
	2.6
	2.6
	2.5

	Mechanism C
	1.5
	2.0
	2.0
	2.0
	1.9


2.3
Conclusion

Among these compared mechanisms, Mechanism B (with DL AI for UL FET Option 3) has the best Ec/Ior performance with qualified Far and MDR on DL AI for UL FET.
3
Performance Evaluation for UL ACK Indication for DL Frame Early Termination
3.1
Uplink DCH Enhancement Solutions

In the contribution [2], 3 mechanisms A, B and C are evaluated and compared. Mechanism A is simulated as a reference model. Mechanism B added the UL ACK indication for DL FET Option 3. Mechanism C added the UL ACK indication for DL FET Option 1 instead. 

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” + “UL ACK Indication for DL Frame Early Termination Option 3 (Section 4.1.3.3 of TR 25.702)”
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” + “UL ACK Indication for DL Frame Early Termination Option 1 (Section 4.1.3.1 of TR 25.702)”
3.1.1     Modeling of UL AI for DL FET Option 1: ACK on a new code channel
1. New channel with spreading factor = 256
2. UL AI for DL FET = ACK on some slot in 1 minimum TTI, the rest slots are modelled as NACK.

3. UL AI for DL FET is sent once every 2 slots from slot #11 to slot #27, as illustrated in Figure 3.1.1.1.

4. Power offset of UL AI for DL FET over UL DPCCH is 3dB
5. Detection threshold = 0.65 (Little higher than 0.5 to minimize false alarm rate)
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Figure 3.1.1.1 – Model of UL AI for DL FET Option 1
3.1.2     Modeling of UL AI for DL FET Option 3: ACK using spared TPC symbols

1. Use spared TPC symbols as UL AI for DL FET

2. UL AI for DL FET is sent once every 2 slots from slot #11 to slot #27, as illustrated in Figure 3.1.2.1.

3. UL AI for DL FET = ACK since some slot in 1 minimum TTI

4. Power offset of all TPC symbols over pilot symbols is 0dB.

5. Detection threshold = 0.65 (Little higher than 0.5 to minimize false alarm rate)
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Figure 3.1.2.1 – Model of UL AI for DL FET Option 3

This contribution focuses on UL AI detection performance and additional power consumption due to UL AI for DL FET transmission. 
3.2
Performance Evaluation

3.2.1     Simulation Assumptions

DL ACK indication error for UL FET was modeled as Table 3.2.1.1. The receiver decoding attempts are assumed slot 11 to slot 27 within a TTI. Refer to another contribution [3], the AI round trio delay is set as 2 slots and 3 slots for Mechanism B and C respectively. 
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

	DL FET AI error rate for UL FET
	Single link: MDR = 0.05, FAR = 0.001
2-links:    MDR = 0.1, FAR = 0.005

	FET-AI feedback delay
	2 slots

	Decoding attempts
	slot 11~ slot 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

Table 3.2.2.1 showed the detection performance of UL AI for DL FET. The detection false alarm rate and miss detection rate in third row of Table 3.2.2.1 was modelled in DL simulation (Section 2).

Table 3.2.2.1 – UL AI detection performance
	
	Single link FAR
	2-links FAR
	Single link MDR 
	2-links MDR

	Mechanism B
	0.0007
	0.002
	0.16
	0.18

	Mechanism C
	0.0001
	0.001
	0.16
	0.24

	Error rate modeled in DL
	0.001
	0.001
	0.20
	0.20


Table 3.2.2.2 showed the power consumption of UL AI for DL FET. For Mechanism B, the UL TPC is impacted since some TPC commands are replaced with AI command in DL. As we can see, the impact on power consumption is quite small and can be neglected. 

For Mechanism C, the transmission power of new UL AI channel for DL FET is considered. However, the power is quite small, too.
Table 3.2.2.2 –Additional power consumption for UL AI transmission for DL FET
	Ec/No benefit
	Legacy
	Mechanism B
	Mechanism C

	Single link
	0(ref)
	0.03
	0.26

	Two links SHO
	0(ref)
	0.03
	0.20


Table 3.2.2.3 showed the overall Ec/Ior benefit for both Mechanism B and C. It shall be noted that the converged BLER for Mechanism C is not 0.01. The Ec/Ior comparison here is not reasonable. Just for reference.
Table 3.2.2.3 – Ec/No benefit
	Ec/No benefit
	Legacy
	Mechanism B
	Mechanism C

	Single link
	0(ref)
	2.1
	1.7

	Two links SHO
	0(ref)
	1.7
	2.0


3.3
Conclusion

Among these compared mechanisms, Mechanism B (with UL AI for DL FET Option 3) has the best Ec/Ior performance with qualified Far and MDR on UL AI for DL FET.
4
Conclusions
DCH enhancement solutions proposed in TR 25.702 are compared in this contribution.
In DL, DL ACK Indication for UL Frame Early Termination Option 3 has the simplest design, the best power saving cability with enough detection performance.
In UL, UL ACK Indication for DL Frame Early Termination Option 3 has the simplest design, the best power saving cability with enough detection performance.
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