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1
Introduction

DCH Enhancement solutions are studied in TR 25.702 “Study on Dedicated Channel (DCH) enhancements for UMTS”. Once DL data and UL data are both decoded successfully earlier, DPCCH (Dedicated Physical Control Channel) can also be terminated to achieve even better system capacity. However, if DL DPCCH and UL DPCCH are not both terminated at the same time, abnormal transmit power control (TPC) happens [2]. This contribution evaluates the system performance degradation due to abnormal TPC.

2
Abnormal TPC
In R1-135441, “Remaining Issues of DCH Enhancement”, side effect due to non-ideal AI (Ack Indication) for FET (Frame Early Termination) is discussed. Abnormal TPC discussion is based on that both DL and UL are equipped with FET.
With ideal FET-AI transmission, there is no side effect to degrade system performance. However, abnormal power control might happen if FET-AI transmission is not ideal. In Figure 1, FET-AI transmission mechanism is to replace some TPC symbols. This is just for explanation. Abnormal TPC happens no matter which FET-AI mechanism is applied. As shown in Figure 1, Node B receives ACK for DL FET right before Slot#15 and stops data transmission after Slot#15. Node B decodes UL data successfully and sends ACK in Slot#19. From Node B’s point of view, DL data and UL data are both successfully decoded, and Node B stops both DPDCH and DPCCH transmission during Slot#20 ~ Slot#28. The period is called Node B ET Gap. In UE side, ACK miss detection happens before Slot#19. UE transmits UL data and decodes TPC/FET-AI continually. However, Node B does not transmit TPC/FET-AI any more. Until UE decodes a lucky ACK just before Slot#25, UE enters ET Gap. During Slot#19~Slot#24, power control is randomly up or down, and the abnormal power control behavior might degrade system performance. In this case, the miss detection introduces not only extra power waste but also abnormal power control.
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Figure 1 – UL abnormal TPC due to miss detection of DL AI for UL FET
Figure 2 is another example. NACK false alarm happens in UE side just before Slot#15. UE thinks DL data and UL are both successfully decoded and enters UE ET Gap to stops both DPDCH and DPCCH transmission. Since there is no extra UL data transmission, Node B fails to decode UL data in this TTI. Node B keeps transmitting TPC/FET-AI in DL. During this period, Node B still performs DL power control but there is no TPC transmitted in UL. The abnormal power control behavior might degrade system performance. In this case, the false alarm introduces not only extra BLER but also abnormal power control.
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Figure 2 – DL abnormal TPC due to false alarm of DL AI for UL FET
After detailed examination, it is found that UL abnormal TPC may happen due to miss detection of DL AI for UL FET or false alarm of UL AI for DL FET. Similarly, DL abnormal TPC may happen due to miss detection of UL AI for DL FET or false alarm of DL AI for UL FET. In the next section, system performance degradation due to abnormal TPC is evaluated.
3
System Performance Degradation due to Abnormal TPC
3.1
UL Performance Evaluation

3.1.1     Simulation Assumptions

To evaluate UL performance, UL-FET is used, where (please refer to [1][4] for more detailed settings)
“UL-FET” : “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”

In addition, Legacy R99 is also simulated for performance reference. To isolate the side effect resulting from abnormal TPC, “practical TPC” mechanism and “perfect TPC” mechanism are applied. With “practical TPC”, UE is not aware of abnormal TPC happening and tries to decode non-existing TPC symbols. With “perfect TPC”, UE does not adjust power during abnormal TPC period. “Perfect TPC” is not a practical scenario, and this is only introduced to study the side effect due to abnormal TPC.
DL AI for UL FET feedback mask is assumed as [11:2:27]. As shown in Figure 3, in the first FET-AI chance to send ACK/NACK, Node B collects data slot 0 ~ slot 8 and decodes speech data. However, in this example, the decoding fails and Node B sends NACK to UE. In the next FET-AI chance, Node B successfully decodes data by slot 0 ~ slot 10, sends ACK to UE, and UE stops DPDCH transmission from slot 14 ~ slot 29. It is also observed from Figure 3 that FET-AI feedback delay is assumed as 3 slots.
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Figure 3 – DL AI feedback assumption with DL AI feedback mask [11:2:27] for UL FET
When DL and UL data transmission are both early terminated, DPCCH can be also terminated to improve system capacity further. The period is called ET Gap or UE gating period. DL is not simulated in UL performance simulation. For simplicity, the slot, at which the ACK for DL data is sent, is assumed as a Gaussian random variable with (mean = 17 and standard derivation = 4). The variable outcome is quantized to Slot#[11, 13, 15, 17, 19, 21, 23, 25, 27]. The below is an ET Gap example. In the example, UE receives ACK for UL data just before Slot#14 and sends ACK to Node B for DL data in Slot#15 (not shown in the figure). At this moment, UE is aware that DL data and UL data are both terminated and stops both DPDCH and DPCCH transmission from Slot#16 to Slot#28.
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Figure 4 – A UE ET Gap period example
Table 1 lists parameters specific to FET. Additional parameters are listed in Table 2. Please refer to Section 8 of TR 25.702 for remaining simulation assumptions.

Table 1 – FET related parameters
	Parameter 
	Description 

	DL AI error rate for UL FET
	FAR (false alarm rate) = 0;
MDR (miss detection rate) = defined in simulation

	UL AI error rate for DL FET
	FAR = defined in simulation; MDR = 0

	DL AI feedback delay for UL FET 
	3 extra slots are transmitted 

	DL AI mask for UL FET
	[11:2:27] 

	Early decoding attempt 
	“DL AI mask [11:2:27]” in simulator corresponds to RX decoding slot mask [8:2:24] 

	(mean, standard deviation) of slot index transmitting ACK in UL AI for DL FET 
	(17, 4)

	DPCCH warm up slot number 
	1 


Table 2 – Some other parameters
	Parameter
	Description

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

	TFCI or BTFD
	TFCI

	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]

	βd/ βc for SID, FULL
	{7/15, 14/15} in Legacy
{8/15, 15/11} in “UL-FET”

	OLPC setting
	BLER=0.01 at 20ms in Legacy
BLER=0.15 at 10ms in “UL-FET”


3.1.2     System Performance Degradation due to Miss Detection of DL AI for UL FET
This section evaluates UL performance degradation due to miss detection of DL AI for UL FET. Figure 5 gives the brief of how abnormal TPC happens in this case.
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Figure 5 – UL abnormal TPC due to miss detection of DL AI for UL FET
Table 3 shows the related FET-AI FAR and MDR setting. MDR of DL AI for UL FET is set 0, 0.1, or 0.2, and others set as 0. Table 4 summarizes the average UL link gain of “UL-FET” compared to Legacy. When “MDR of DL AI” =0, there is no abnormal TPC phenomenon and therefore there is no performance difference between “Practical TPC” and “Perfect TPC”. The link gain is around 1.6dB. Taking single link case as example, when MDR=0.1, link gain is 1.00dB for “Practical TPC” and 1.40dB for “Perfect TPC”. Comparing 1.62dB link gain of MDR=0 case and 1.40dB link gain of MDR=0.1 with “Perfect TPC” in single link case, 0.22dB loss comes from 10% less chance for frame early termination. Comparing 1.00dB link gain of “Practical TPC” and 1.40dB link gain of “Perfect TPC” in “single link & MDR=0.1” case, 0.4dB comes from random up or down in power control during abnormal TPC period. Too much random power up wastes power, and too much random power down makes data un-decodable. The phenomenon is also observed in two or three links SHO cases.
Table 3 – FAR and MDR setting
	DL AI error rate for UL FET
	FAR = 0; MDR = 0, 0.1, 0.2 

	UL AI error rate for DL FET
	FAR = 0; MDR = 0


Table 4 – UL link gain for different MDR
	UL link gain
	“MDR of DL AI” = 0
	MDR = 0.1
	MDR = 0.2

	
	“Practical TPC” = “Perfect TPC” 
	Practical TPC
	Perfect TPC
	Practical TPC 
	Perfect TPC

	Single link
	1.62 
	1.00 
	1.40 
	0.45 
	1.19 

	Two links SHO
	1.54
	1.35 
	1.44 
	1.08 
	1.28 

	Three links SHO
	1.64
	1.51 
	1.56 
	1.34 
	1.46 


3.1.3     System Performance Degradation due to False Alarm of UL AI for DL FET
This section evaluates UL performance degradation due to false alarm of UL AI for DL FET. Figure 6 gives the brief of how abnormal TPC happens in this case.
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Figure 6 – UL abnormal TPC due to false alarm of UL AI for DL FET
Table 5 shows the related FET-AI FAR and MDR setting. FAR of UL AI for DL FET is set 0 or 0.01, and others set as 0. Table 6 summarizes the average UL link gain of “UL-FET” compared to Legacy. Practical FAR is much smaller than 0.01, and we use UL FET-AI = 0.01 as the worst case study. From Table 6, even FAR is large as 0.01, the link gain degradation is quite limited (smaller than 0.1dB). Abnormal TPC introduces smaller degradation in this case since abnormal TPC happens with low probability. 
Table 5 – FAR and MDR setting
	DL AI error rate for UL FET
	FAR = 0; MDR = 0

	UL AI error rate for DL FET
	FAR = 0, 0.01; MDR = 0


Table 6 – UL link gain for FAR = 0.01
	UL link gain
	“FAR of UL AI” = 0
	FAR = 0.01 

	
	“Practical TPC” = “Perfect TPC” 
	Practical TPC
	Perfect TPC

	Single link
	1.62 
	1.54 
	1.60 

	Two links SHO
	1.54
	1.49 
	1.54 

	Three links SHO
	1.64
	1.57 
	1.59 


3.1.4     Conclusion

UL system performance degradation due to abnormal TPC is investigated. The performance degradation due to miss detection of DL AI for UL FET is significant and hence should be taken into performance consideration.
Observation 1: UL performance degradation due to miss detection of DL AI for UL FET is significant and hence should be taken into performance consideration.
3.2
DL Performance Evaluation

3.2.1     Simulation Assumptions
To evaluate DL performance, “DL Interleave-repeat” is used, where (please refer to [1][4] for more detailed settings)
“DL Interleave-repeat”: “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)”.
As shown in Figure 7, UL AI for DL FET feedback mask is assumed as [11:2:27], and FET-AI feedback delay is assumed as 3 slots. A Node B ET Gap example is also presented in Figure 7.
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Figure 7 – FET-AI feedback assumption and Node B ET Gap
Table 7 lists parameters specific to FET. Additional parameters are listed in Table 8. Please refer to Section 8 of TR 25.702 for remaining simulation assumptions.
Table 7 – FET related parameters
	Parameter 
	Description 

	UL AI error rate for DL FET
	FAR = 0; MDR = defined in simulation

	DL AI error rate for UL FET
	FAR = defined in simulation; MDR = 0

	UL AI feedback delay for DL FET
	3 extra slots are transmitted 

	UL AI mask for DL FET
	[11:2:27] 

	Early decoding attempt 
	“UL AI mask [11:2:27]” in simulator corresponds to RX decoding slot mask [9:2:25] 

	(mean, standard deviation) of slot index transmitting ACK in DL AI for UL FET 
	(12, 4)

	DPCCH warm up slot number 
	0


Table 8 – Some other parameters

	Parameter
	Description

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

	TFCI or BTFD
	BTFD

	Channel models
	PA3, PB3, VA30, VA120

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

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

{-6, -3, 0} for three 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]


3.2.2     System Performance Degradation due to Miss Detection of UL AI for DL FET
This section evaluates DL performance degradation due to miss detection of UL AI for DL FET. Table 9 shows the related FET-AI FAR and MDR setting. MDR of UL AI for DL FET is set 0, 0.1, or 0.2, and others set as 0. Table 10 summarizes the average DL link gain of “DL Interleave-repeat” compared to Legacy. When “MDR of UL AI” = 0, there is no abnormal TPC phenomenon and therefore there is no performance difference between “Practical TPC” and “Perfect TPC”. The link gain is around 2.6dB. Taking single link case as example, when MDR=0.1, link gain is 2.57dB for “Practical TPC” and 2.50dB for “Perfect TPC”. Comparing 2.74dB link gain of MDR=0 case and 2.57dB link gain of MDR=0.1 with “Perfect TPC” in single link case, 0.17dB loss comes from 10% less chance for frame early termination. Comparing 2.50dB link gain of “Practical TPC” and 2.57dB link gain of “Perfect TPC” in “single link & MDR=0.1” case, 0.07dB comes from random up or down in power control during abnormal TPC period. Too much random power up wastes power, and too much random power down makes data un-decodable. The phenomenon is also observed in two or three links SHO cases.

Table 9 – FAR and MDR setting
	UL AI error rate for DL FET
	FAR = 0; MDR = 0, 0.1, 0.2 

	DL AI error rate for UL FET
	FAR = 0; MDR = 0


Table 10 – DL link gain for different MDR
	DL link gain
	“MDR of UL AI” = 0
	MDR = 0.1
	MDR = 0.2

	
	“Practical TPC” = “Perfect TPC” 
	Practical TPC 
	Perfect TPC 
	Practical TPC 
	Perfect TPC 

	Single link
	2.75
	2.54
	2.60
	2.27
	2.42

	Two links SHO
	2.65
	2.46 
	2.49
	2.28
	2.33

	Three links SHO
	2.57
	2.39
	2.41
	2.18
	2.24


3.2.3     System Performance Degradation due to False Alarm of DL AI for UL FET
This section evaluates DL performance degradation due to false alarm of DL AI for UL FET. Table 11 shows the related FET-AI FAR and MDR setting. FAR of DL AI for UL FET is set 0 or 0.01, and others set as 0. Table 12 summarizes the average DL link gain of “DL Interleave-repeat” compared to Legacy. Practical FAR is much smaller than 0.01, and we use DL FET-AI = 0.01 as the worst case study. From Table 12, the link gain performances are quite similar in these three columns.  Abnormal TPC introduces almost no degradation in this case since abnormal TPC happens with low probability. 

Table 11 – FAR and MDR setting
	UL AI error rate for DL FET
	FAR = 0; MDR = 0

	DL AI error rate for UL FET
	FAR = 0, 0.01; MDR = 0


Table 12 – DL link gain for FAR = 0.01
	DL link gain
	“FAR of DL AI” = 0
	FAR = 0.01 

	
	“Practical TPC” = “Perfect TPC” 
	Practical TPC 
	Perfect TPC 

	Single link
	2.75
	2.72 
	2.76

	Two links SHO
	2.65
	2.65
	2.68

	Three links SHO
	2.57
	2.54
	2.56


3.2.4     Conclusion

DL system performance degradation due to abnormal TPC is investigated. The performance degradation is less serious in DL than in UL. 
3.3
Summary
Performance degradations due to abnormal TPC investigated in Section 3 are summarized in the below Table 13.

Table 13 – Performance degradations due to abnormal TPC
	Performance degradations due to abnormal TPC 
	“MDR of DL-AI for UL FET” 

= 0.1 
	“FAR of UL-AI for DL FET” 

= 0.01 
	“MDR of UL-AI for DL FET” 

= 0.1 
	“FAR of DL-AI for UL FET” 

= 0.01 

	UL performance
	0.4dB 
	0.06dB 
	X 
	X 

	DL performance
	X 
	X 
	0.06dB 
	0.04dB 


4
Abnormal TPC for UL-FET-Less Solution

The discussion in Section 2 and 3 is based on that DL and UL solutions are both embedded with frame early termination. New UL solution without frame early termination is raised [3]. If frame early termination is not embedded, it is not necessary to transmit DL AI for UL FET. UL and DL performance degradation due to DL AI error disappears. Although there is still performance degradation due to UL AI for DL FET, the degradation is quite limited, which is smaller than 0.1dB. 
Table 14 – Performance degradations due to abnormal TPC
	Performance degradations due to abnormal TPC 
	“FAR of UL-AI for DL FET” 

= 0.01 
	“MDR of UL-AI for DL FET” 

= 0.1 

	UL performance
	0.06dB 
	X 

	DL performance
	X 
	0.06dB 


Observation 2 : Abnormal TPC degrades system performance less if UL-FET-Less is adopted.
5
Conclusions
System performance degradation due to abnormal TPC is investigated. The performance degradation is much more severer in UL than in DL. Since MDR is in general much larger than FAR, performance degradation resulting from miss detection is more than from false alarm. After evaluation, the performance degradation is significant and should not be ignored in UL performance. For practical system evaluation and comparison, the degradation should be taken into account.

Proposal 1: For practical system evaluation, the performance degradation due to abnormal TPC should be taken into account.
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