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1
Introduction

In RAN1#76, UL DPCCH-based structure for uplink control design is adopted. There is still a remaining issue on UL ACK transmission and it has not been determined yet if ACK/NACK is sent by boosting or repetition of ACK symbols. These two ACK transmission schemes are to be investigated in this contribution. UL link gain performance and ACK detection performance are analyzed in Section 2. DL link performance based on these two different UL ACK schemes is discussed in Section 3. Based on link gain performance and other aspects, conclusion is presented in Section 4.
2
UL Performance Comparison
2.1
Two UL ACK Mechanisms
It is not yet determined if ACK/NACK is sent by boosting or repetition of ACK symbols. Fig. 1 is the simple illustration for these two different UL ACK mechanisms, and they are denoted by “ACK-boost” and “ACK-repeat”, respectively. In Fig 1, it is assumed that UE has successful DL data decoding when collecting DL data Slot#0~15. With “ACK-boost” mechanism, UE sends ACK in UL Slot#16 with boosted power, and Node B can stop DL data transmission during Slot#18~29. With “ACK-repeat” mechanism, UE sends ACK in UL Slot#16&17 without power boost, and Node B can stop DL data transmission during Slot#19~29. In addition, the ACK/NACK pairs are defined in advance, as Slot#12&13, Slot#14&15, Slot#16&17, …, Slot#26&27. It takes one extra UL DPCCH slot transmission for “ACK-repeat”, and however it needs extra ACK power for “ACK-boost”. Therefore, UL link gain performance and ACK detection performance are analyzed in this section.
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Figure 1 – “ACK-boost” mechanism vs “ACK-repeat” mechanism
2.2
Simulation Assumption

To evaluate “ACK-boost” and “ACK-repeat” schemes, UL-FET-Less [1] is used in UL simulation, and it is assumed DL-FET is considered. DL simulation is not performed in this section, and a normal random variable is introduced to model the early decoding timing for DL data. The value (mean, standard deviation) of UL slot index at which DL data is successfully decoded is defined as (16,4). Legacy R99 UL DCH model (Denoted as Legacy) is also simulated for reference. Details of these three schemes are listed in Table 1. Additional parameters are also listed in Table 2. Please refer to Section 8 of TR 25.702 [2] for remaining simulation assumptions.

Table 1 – UL Schemes

	UL Schemes 
	Legacy (ref)
	ACK-boost
(+UL-FET-Less) 
	ACK-repeat
(+UL-FET-Less) 

	Coding chain
	Legacy  (4TrCH) 

	UL DPCCH
	6 Pilot, 

2 TFCI, 

2 TPC
	6 Pilot, 

2 TFCI(ACK/NACK), 

2 TPC

	TFCI transmission
	Legacy
	2sym * 10slots, as in [1]

	UL ACK
	X
	ACK-boost 
with PO=5dB
	ACK-repeat 

	BetaD/BetaC 
	{X, 7/15,14/15}
	{X, 11/15, 15/11}


Table 2 – Some other parameters

	Parameter
	Description

	Packet types
	Null, SID, Full
average by probability {0.4375, 0.0625, 0.5}
DCCH existing probability = 0%

	TFCI or BTFD
	TFCI

	Channel models
	PA3, PB3, VA30, VA120
If performance is averaged across channel models, the respective probabilities are { 30%, 30%, 20%, 20% }

	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]


2.3
Performance Comparison

Table 3 shows the UL link gain performance and ACK detection performance. It is noted that the power boost offset for “ACK-boost” is 5dB which is found out by exhausting search so that these two ACK mechanisms have close FAR and MDR performance. Due to time diversity, “ACK-repeat” is comparable to “ACK-boost” with PO=5dB in terms of ACK performance. It is also noted that since UL DPCCH is DTX-ed only after Slot#15 with successful DL data decoding, “ACK-repeat” does not always waste power of one more UL DPCCH slot transmission compared to “ACK-boost”. It is found, from simulation results, UL link gains of these two schemes are close on condition of similar ACK performance (FAR & MDR). 
Table 3 – Performance summary
	
	Legacy (ref) 
	ACK-boost 
	ACK-repeat 

	UL link gain 
(1-link/2-link/3-link
 average by UL loading) 
	0 / 0 / 0 (dB)
0 
	0.93 / 0.88 / 0.88
0.90
	0.94 / 0.90 / 0.94
0.93

	FAR (1,2,3-link)
	X 
	5E-4 / 2.7E-3 / 3.9E-3 
	3E-4 / 2.1E-3 / 3.5E-3 

	MDR (1,2,3-link)
	X 
	0.07 / 0.12 / 0.15 
	0.06 / 0.11 / 0.14 


2.4
Summary

UL link gains of these two UL ACK mechanisms are close on condition of similar ACK performance (FAR & MDR).
3
DL Performance Comparison
3.1
DL FET with Different UL ACK Mechanisms

For comprehensive analysis, DL FET performances with these two different UL ACK mechanisms also have to be examined. In addition, it is also interesting to know if early decoding for every slot is better than early decoding for every second slot. Three schemes are compared in this section, and they are denoted by “DL FET + ACK-boost-1”, “DL FET + ACK-boost-2”, and “DL FET + ACK-repeat”. Fig. 2 illustrates how UL ACK acts in these three different schemes. In ACK-boost-1, UE performs early decoding for DL data at the end of DL Slot#[9:1:26], sends ACK/NACK on UL DPCCH Slot#[10:1:27], and the corresponding ACK round trip delay is 2-slot. Table 4 details the related important parameters of simulated DL schemes. 
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Figure 2 – Illustration of three mechanisms in DL simulation
Table 4 – DL Schemes

	DL Schemes
	Legacy (ref)
	DL FET + 
ACK-boost-1 
	DL FET + 
ACK-boost-2 
	DL FET + 
ACK-repeat 

	Coding chain
	Legacy
(4TrCH)
	Pseudo-flexible RM
(2TrCH)

	Slot format
	Slot format 8
	Slot format 8 with Pilots replaced by Data 

	DL FET 
	X 
	Yes

	DL ACK transmission
	X 
	No

	ACK/NACK feedback mask
	X 
	[10:1:27]
	[10:2:26]
	[10&11 12&13 … 26&27]

	RX early decoding mask
	X 
	[9:1:26]
	[9:2:25]
	[9:2:25]

	ACK round trip delay
	X 
	2 (slots)
	2
	3


3.2
Simulation Assumption

For practical comparison, the UL ACK/NACK error rate used in this section is taken from the simulation result shown in Table 3. It is noted FARs and MDRs are a little different for “ACK-boost” and “ACK-repeat”. Additional parameters are listed in Table 5. Please refer to Section 8 of TR 25.702 [2] for remaining simulation assumptions.
Table 5 – Some other parameters

	Parameter
	Description

	Packet types
	Null, SID, Full
average by probability {0.4375, 0.0625, 0.5}
DCCH existing probability = 0%

	TFCI or BTFD
	BTFD

	Channel models
	PA3, PB3, VA30, VA120
If performance is averaged across channel models, the respective probabilities are { 30%, 30%, 20%, 20% }

	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]


3.3
Performance Comparison

DL link gain performance is shown in Table 6, and for simplicity, link gain is averaged by 1,2,3-link loading percentage in linear domain [3]. Comparing “ACK-boost-1” and “ACK-boost-2”, there is only 0.03 extra link gain for “ACK-boost-1”. It is found there is 0.13dB extra gain in 1-link, but there is no benefit in 2 or 3-link for “ACK-boost-1”. This is because FAR is much worse in 2 or 3-link. Double ACK/NACK transmission chances do not introduce extra link gain if FAR is not good enough. Due to the three reasons below, ACK/NACK transmission in every slot is not necessary.
1. “ACK-boost-1” does not have obvious extra DL link gain over “ACK-boost-2”.
2. UE needs to decode DL data double times for “ACK-boost-1”.
3. Node B needs to decode ACK/NACK double times for “ACK-boost-1”.
Comparing “ACK-boost” (“ACK-boost-1” or “ACK-boost-2”) and “ACK-repeat”, there is only ~0.15dB extra DL link gain for “ACK-boost”. The link gain difference is mainly because “ACK-repeat” takes one more slot ACK round trip delay for DL FET.
Table 6 – DL link gain performance comparison
	DL link gain
	Legacy
	DL FET 

	
	
	ACK-boost-1
	ACK-boost-2
	ACK-repeat

	1-link
	0
	2.76
	2.63
	2.39

	2-link
	0
	2.30
	2.31
	2.17

	3-link
	0
	1.86
	1.87
	1.78

	Average by DL loading
	0
	2.21
	2.18
	2.04 


3.4
Summary

By comparing “ACK-boost-1” and “ACK-boost-2”, ACK/NACK transmission in every slot is not necessary since “ACK-boost-1” has only 0.03dB extra DL link gain but it needs double decoding effort for UE on DL data and for Node B on ACK/NACK decoding.

Compared to “ACK-repeat”, “ACK-boost” has ~0.15dB extra DL link gain. It is noted from Section 2, “ACK-repeat” is better than “ACK-boost” in UL link gain by 0.03dB.
4
Conclusions
This contribution analyzes the DL and UL link gain performance when two different types of UL ACK mechanisms are applied. Table 7 summarizes the DL and UL link gain performance. Compared to “ACK repeat” solution, “ACK-boost” solution takes the limited advantage of 0.15dB DL link gain without UL link gain loss. However, “ACK-boost” solution introduces more issues listed below:

1. At least 5dB ACK_PO is required to achieve the same ACK performance as “ACK repeat” solution. With this 5 dB power boost, it is more than possible that UE TX power exceeds its maximum allowed value.

2. More complicated design for UE to scale down UL transmitted power if it reaches/exceeds its maximum allowed power limit.

3. More complicated scheduling / power control design for Node B to balance the received interference level from each UE.

4. There is a signaling need to indicate the ACK/NACK power offset and the power offsets will be different for single link and SHO scenarios.
5. It will cause Node B to re-design its corresponding channel estimation or other blocks if ACK/NACK symbol is used for UL channel estimation or for optimizing ACK indication detection performance. ACK_PO might have to be configured to Node B in real time for different scenarios such as single link or SHO.

To conclude, since “ACK-boost” provides very small DL/UL link gains at the cost of additional UL TX/RX design complexity listed above, “ACK repeat” is proposed as the UL ACK solution. 

Table 7 – Link gain performance comparison
	Mechanisms
	DL FET +
ACK-repeat
	DL FET +
ACK-boost

	DL link gain
	0 (ref)
	~ 0.15

	UL link gain
	0 (ref)
	-0.03


Proposal: It is proposed that uplink ACK/NACK is sent by repetition of ACK symbols.
5
References

[1] R1-140252, “Uplink Design for DCH Enhancements”, MediaTek Inc., RAN1#76
[2] TR 25.702, “Study on Dedicated Channel (DCH) enhancements for UMTS”
[3] R1-140254, “System Performance Comparison of DCH Enhancement Solutions”, MediaTek Inc., RAN1#76
[image: image3.png]



