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1
Introduction

UL-FET-Less operation [1] was agreed as the working assumption in RAN1#76. In addition, there is an ongoing effort to investigate a mode where UL-FET [2] is used for uplink. This contribution presents the analysis of UL-FET solution. Since DL ACK transmission is necessary for UL-FET solution, potential DL ACK solution is analyzed in Section 2 and corresponding ACK performance is also provided. Based on the practical ACK performance, performance of UL-FET with 3 FET opportunities is examined in Section 3. To improve ACK FAR (false alarm rate) further, ignoring ACK/NACK coming from bad link is proposed in [3], and the idea is verified in Section 4. In the end, we have the observation that compared to UL-FET-Less, the extra UL link gain of UL-FET is quite limited.
2
DL ACK Performance Analysis
2.1
DL ACK Modelling
From [3], “The Ack channel is assumed to be carried on one DPCCH-symbol using BPSK, using I-Q multiplexing together with TPC; ACK could also be replacing the TPC field in certain designated DL slots but this is left for further study.” ACK mechanism by replacing TPC field has been studied in [4], and the performance is re-visited in this contribution. The DL ACK/NACK modeling is shown below.
1. “Replacing TPC by ACK/NACK” mechanism is used. 2 TPC symbols (4 bits) are used in DL DPCH, i.e., there are 18 Data symbols and 2 TPC symbols in the proposed slot format, as the Slot Format New 2 shown in Table 1. TPC PO is 0dB. ACK/NACK PO is 3dB for 1-link and 6dB for 2 or 3-link. To avoid even larger ACK/NACK PO, 2 symbols for TPC/ACK/NACK are used.

Table 1 - The used new DL DPCH slot formats
	Slot Format
	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 
	

	New 1 
	60 
	30 
	128 
	40 
	6 
	32 
	2 
	0 
	0 
	15 

	New 2 
	60 
	30 
	128 
	40 
	4 
	32 
	4 
	0 
	0 
	15 


2. DL ACK/NACK for UL FET is sent in Slot #13, 16, 21. This is corresponding to UL FET with 3 FET opportunities.
3. Detection threshold = 0.75. Asymmetric decoding is used to reduce false alarm rate.
In order to observe the link cost to transmit DL ACK/NACK, three schemes are simulated and compared, as shown in Table 2.
Table 2 – DL mechanisms
	DL mechanisms 
	Legacy (ref) 
	DL-FET-A 
	DL-FET-B 

	Coding chain 
	Legacy 

(4 TrCHs) 
	Pseudo-flexible RM 
(2 TrCHs) 

	Slot format
  Data symbol
  TPC symbol
  Pilot symbol 
	Slot format 8
17
1
2 
	Slot format New 1 (Defined in Table 1) 
19
1
0 
	Slot format New 2 
(Defined in Table 1) 
18
2
0 

	DL FET 
	No 
	Yes 

	DL ACK/NACK for UL FET 
	No 
	No 
	Replacing TPC 

Details are described in the above paragraph 

	TPC_PO 
	3 
	3 
	0 

	ACK_PO 
	X 
	X 
	3 for 1-link 

6 for 2 or 3-link 


2.2
Simulation Assumption

Additional parameters are listed in Table 3 and table 4. Please refer to [5] for detailed FET parameter description, and refer to Section 8 of TR 25.702 [6] for remaining simulation assumptions.
Table 3 – FET parameters
	Parameter 
	Description 

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

	UL ACK/NACK error rate
	FAR (false alarm rate) = 0;

MDR (miss detection rate) = 0 

	UE RX early decoding attempt 
	[9:2:25] 

	DL ACK/NACK transmission slot index
	[13 16 21]

	(mean, standard deviation) of DL slot index at which UL data is successfully decoded
	(12, 4)

	DPCCH warm up slot number 
	0 


Table 4 – 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]


2.3
DL ACK Performance
DL link gain performance is shown in Table 5, and for simplicity, link gain is averaged by 1,2,3-link loading percentage in linear domain [7]. It is found that DL-FET-B has 0.18dB less DL link gain compared to DL-FET-A. This is the extra cost to transmit DL ACK for UL FET. DL ACK performance is presented in Table 6. Target FAR is relaxed to 0.001 in [3]. In 1-link cases, FAR being 0.001 is achievable, but it is hard to meet the FAR target in 2 or 3 link cases. FAR is even worse than 0.01 for PA3 in 2 or 3 link cases. Such worse FAR degrades the UL link gain of UL-FET, which will be discussed in Section 3.
Table 5 – DL link gain comparison
	DL link gain 
	Legacy (ref)
	DL-FET-A 
	DL-FET-B 

	1-link
	0
	2.59
	2.50

	2-link
	0
	2.52
	2.31

	3-link
	0
	2.53
	2.32

	Average by DL loading 
	0
	2.54
	2.36


Table 6 – DL ACK performance

	
	
	1-link 
	2-link 
	3-link 

	FAR
(unit : 0.001) 
	PA3 
	< 1 
	18 
	35 

	
	Average of PB3, VA30, AV120 
	1.5 
	5.2 
	12 

	MDR 
	PA3 
	0.082 
	0.13 
	0.18 

	
	Average of PB3, VA30, AV120 
	0.096 
	0.12 
	0.17 


2.4
Summary
It takes 0.18dB DL link gain to transmit DL ACK for UL-FET. Target FAR, being 0.001 is hard to achieve in 2 or 3 link cases. Such high FAR reduces the UL link gain of UL-FET, which will be discussed in Section 3.
3
UL DCH Enhancement Solution Comparison
3.1
UL DCH Enhancement Solution
Two UL proposals for DCH Enhancement, which are UL-FET-Less and UL-FET with reduced FET opportunities are considered below. Multi-loop OLPC is also introduced to solve BLER issue for UL-FET [8]. In order to observe the uplink link gain of UL solutions, four mechanisms are simulated and compared, as shown in Table 7.

Table 7 – UL mechanisms
	UL mechanisms 
	Legacy (ref) 
	UL-FET-Less 
	UL-FET-3 
(1-loop-OLPC) 
	UL-FET-3 
(2-loop-OLPC) 

	Coding chain 
	Legacy
(4TrCH) 
	Legacy
(4TrCH) 
	UL FET Option 1 
(Section 4.1.1.1 of TR 25.702) 
(2TrCH) 

	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 symbols in 2 consecutive slots 

	ET feature 
(RX decoding slot) 
	X 
	Yes 
3 attempts 
No.11&14&19 

	BetaD/BetaC 
	{X, 7/15,14/15} 
	{X, 11/15, 15/11} 
	{X, 8/15, 15/12} 

	OLPC 
	0.01 @ No. 29 
	0.01 @ No.29 
	0.15 @ No.14 
	0.15 @ No.14 
0.01 @ No.29 


UL ACK for DL FET is still an open issue. Since the focus of this contribution is to compare UL-FET-Less and UL-FET performance, one possible UL ACK solution is common used for simplicity, which is “ACK symbols in 2 consecutive slots”. UL-FET-3 is UL FET with 3 FET opportunities and the early decoding RX slot indexes are Slot#11, 14, 19. In addition, 2-loop-OLPC is also applied in UL-FET-3. By always applying the larger target SINR of these two OLPC loops, BLER at decoding slot #14 is guaranteed to be smaller than or equal to 0.15, and BLER at decoding slot #29 is guaranteed to be smaller than or equal to 0.01. 
3.2
Simulation Assumption

For practical comparison, the DL ACK/NACK error rate used in simulation of UL-FET-3 is from the simulation result shown in Table 6. Additional parameters are listed in Table 8 and table 9. Please refer to [5] for detailed FET parameter description, and refer to Section 8 of TR 25.702 [6] for remaining simulation assumptions.
Table 8 – FET parameters
	Parameter 
	Description 

	DL ACK feedback delay for UL FET 
	2 extra slots are transmitted 

	DL ACK/NACK error rate
	Refer to Table 6

	Node B RX early decoding attempt 
	[11 14 19] 

	UL ACK/NACK transmission slot index
	[10&11 12&13 14&15 … 26&27]

	(mean, standard deviation) of UL slot index at which DL data is successfully decoded
	(16, 4)

	DPCCH warm up slot number 
	0 


Table 9 – 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]


3.3
Simulation Results
UL link gain performance is shown in Table 10, and for simplicity, link gain is averaged by 1,2,3-link loading percentage in linear domain [7]. It is found that UL-FET-3 with 1-loop-OLPC has 0.26dB extra UL link gain compared to UL-FET-Less. However, there is BLER issue for UL-FET-3 with 1-loop-OLPC. 2-loop-OLPC is applied to solve the BLER issue. From Table 11, BLER in 3-link PA3 channel is reduced from 3.84% to 1.05% with great degradation on UL link gain, from 1.24dB to 0.26dB. “0.26dB UL link gain” makes UL-FET-3 not an attractive design in PA3 channel. BLERs in other channels for 3-link also achieve the 1% requirement with little degradation on UL link gain. In the end, UL-FET-3 with 2-loop-OLPC has averaged UL link gain, 1.07dB, which is 0.13 dB better than that of UL-FET-Less.
Table 10 – UL link gain comparison

	UL link gain 
	Legacy 
	UL-FET-Less
	UL-FET-3 
(1-loop-OLPC) 
	UL-FET-3 
(2-loop-OLPC) 

	1-link
	0 (ref)
	0.89
	1.14
	1.14

	2-link
	0 (ref)
	1.01
	1.24
	1.17

	3-link
	0 (ref)
	0.97
	1.26
	0.91

	Average by UL loading
	0 (ref)
	0.94
	1.20
	1.07


Table 11 – UL BLER and link gain performance of 3-link case

	
	BLER (%) 
	Link gain (dB) 

	
	UL-FET-3 
(1-loop-OLPC) 
	UL-FET-3 
(2-loop-OLPC) 
	UL-FET-3 
(1-loop-OLPC) 
	UL-FET-3 
(2-loop-OLPC) 

	PA3 
	3.84
	1.05
	1.24
	0.26

	Average of PB3, VA30, and VA120
	1.46 
	1.01 
	1.29 
	1.20 


3.4
Summary

To sum up, UL-FET-3 with 2-loop-OLPC is better than UL-FET-Less by 0.13 dB UL link gain. It is noted that DL cost to transmit DL ACK is 0.18dB from Section 2.
4
DL ACK Detection Mechanism Change
4.1
DL ACK Detection Mechanism Change
FAR performance is in general worse in SHO scenario. To improve ACK/NACK FAR performance in SHO, ignoring ACK/NACK coming from bad link is proposed in [3]. Intuitively, FAR will be improved. However, MDR should also be increased. The idea is verified in this section. For simplicity, ideal multi-paths power sum (Pwr) of each link is extracted from simulator. For example, there are 4 multi-paths for PA, 6 multi-paths for PB, and 6 multi-paths for VA. Pwr varies with time, and its average is 1. As long as Pwr < 0.25, the link is regarded as a bad link, and NACK is assumed in ACK/NACK detection. FAR and MDR are calculated per-link and averaged across links. DL-FET-B, as illustrated in Section 2, is again simulated in the section. There is only one thing different. One more ACK/NACK detection rule is introduced, which is “as long as Pwr < 0.25, NACK is assumed in ACK/NACK detection”. 
4.2
Simulation Assumption

Please refer to Section 2.2 for details.

4.3
Simulation Results

Table 12 shows the DL ACK performance before and after applying the additional detection rule in SHO scenario. It is found FARs in PA3 are improved though FARs are still larger than 0.001. As expected, MDRs are also increased. For channels other than PA3, FARs are also improved slightly with little increased MDRs.

Corresponding FARs and MDRs are applied in UL-FET-3, and UL link gains are presented in Table 13. The scenario is defined as UL-FET-3 (2-loop-OLPC + fading detection) in Table 13. It is found compared to UL-FET-3 (2-loop-OLPC), there is 0.05dB loss in 2-link, and there is 0.14dB benefit in 3-link. This implies in 2-link case the benefit from improved FAR is smaller than the degradation due to increased MDR, and in 3-link case the benefit from improved FAR is larger. After averaging link gain by UL loading, it is found the extra link gain with help of ideal fading detection is only 0.04! The advantage from fading detection is quite limited.  

Table 12 – DL ACK performance change
	
	
	1-link 
	2-link 
	3-link 

	FAR
(unit : 0.001) 
	PA3 
	< 1 
	18  (  7.2 
	35  (  17 

	
	Average of PB3, VA30, AV120 
	1.5 
	5.2  (  4.2 
	12  (  10 

	MDR 
	PA3 
	0.082 
	0.13  (  0.25 
	0.18  (  0.29 

	
	Average of PB3, VA30, AV120 
	0.096 
	0.12  (  0.14 
	0.17  (  0.19 


Table 13 – UL link gain change
	UL link gain 
	Legacy 
	UL-FET-3
(2-loop-OLPC)
	UL-FET-3
(2-loop-OLPC +
fading detection) 

	1-link
	0 (ref)
	1.14
	1.14

	2-link
	0 (ref)
	1.17
	1.12

	3-link
	0 (ref)
	0.91
	1.05

	Average by UL loading
	0 (ref)
	1.07
	1.11


4.4
Summary

The idea, ignoring ACK/NACK coming from bad link improves FAR, which will benefit link gain. However, MDR is also increased, which is harmful to link gain. From simulation results, it is found the extra link gain with help of ideal fading detection is only 0.04 in the studied scenario. The advantage from fading detection is quite limited.

5
Conclusions
To compare UL-FET-Less and UL-FET with 3 FET opportunities, related DL and UL link gains are analyzed, which is summarised in Table 14. It is noted that 2-loop-OLPC is used in UL-FET-3 to solve BLER issue and fading detection for improving FARs in SHO. When UL-FET-Less is adopted, there is no need to transmit DL ACK, and hence “DL link gain = 2.54” and “UL link gain = 0.94” can be obtained. When UL-FET-3 is adopted, there is only extra 0.17dB UL link gain. If Node B is too busy to decode UL data and send ACK/NACK in time, the UL link gain is even smaller. Transmitting DL ACK for UL FET degrades DL performance by 0.18dB. Since the extra UL link gain is not much larger than the DL loss and DL capacity is in general more important than UL capacity, there seems no reason to adopt UL-FET-3 in terms of link gain. UL performance calibration is also provided in Appendix to show that UL performance is similar to that presented in [2] as long as the simulation assumptions are set the same. It is noted that the simulation assumptions applied in this contribution are more realistic, which provides more practical insight. 
Table 14 – Link gain performance comparison
	
	Pair A :
DL_FET-A 
+
UL-FET-Less
	Pair B :
DL_FET-B 
+
UL-FET-3
(2-loop-OLPC +
 fading detection)
	Pair B
-
Pair A 

	DL link gain
	2.54
	2.36
	-0.18 

	UL link gain
	0.94
	1.11
	0.17


Moreover, in viewpoint of specification change, UL-FET needs change on “DL ACK transmission”, “UL Mac-repeat”, “4 TrCHs to 2 TrCHs”, “multi-loop OLPC” related specification. The specification change is much more than that for UL-FET-Less. 

In addition, the Node B and UE complexity is much higher to adopt UL-FET. For example, Node B needs to transmit DL ACK and UE needs to decode it. UE needs advanced detection algorithm for ACK detection to achieve good FAR performance. Node B needs multiple decoding within a TTI. UL power control might be affected depending on different DL ACK design. DL ACK transmission slots might need to be reconfigured depending on Node B’s decoding loading. RNC needs multi-loop OLPC.
The simulation platform has been calibrated as shown in Appendix and even with an ideal receiver for fading detection, UL FET scheme provides very small link gain on the uplink and introduces extra link loss on the downlink. Also, UL FET schemes needs fundamental specification changes and introduces extra decoding load and complexity.
Observations: 
1: UL FET scheme provides about 0.17 dB link gain on the uplink and introduces about 0.18 dB link loss on the downlink.
2: UL FET scheme needs specification changes and UL FET-less scheme does not need such a change

3: for UL FET operation, Node B needs multiple decoding attempts and for UL FET-less operation, node B only needs one time decoding

4. There is a need to change DL control channel structure in order to achieve UL FET and there is no change required for DL control channel if UL FET-less scheme is adopted. 
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Appendix
7.1
Performance Calibration

UL-FET-Less and UL-FET-3 both have much better link gain in R1-140702[2]. There are two major different simulation assumptions between this contribution and R1-140702, which are
1. In R1-140702, DL data successful decoding time is not considered. UL DPCCH transmission is DTX-ed as long as UE detects an ACK for UL data.
This is not a realistic assumption. DTX of UL DPCCH happens only if DL and UL data are both successfully decoded. For practical investigation in this contribution, DL data successful decoding time is simulated by normal distribution with mean=16 and standard deviation=4. The mean DL decoding time is extracted from DL simulation and therefore is a reasonable value. If the practical simulation assumption is removed, link gain of both UL-FET-Less and UL-FET-3 will be larger.

2. In R1-140702, ideal DL ACK knowledge is obtained in UE, i.e. FAR=0 and MDR=0 for DL ACK signalling.
This is also not a realistic assumption. With ideal ACK knowledge, UL-FET-3 will be better.

To calibrate the simulation results, the same simulation assumptions are set in this section. The UL link gain performance is presented in Table 15. Simulation results of R1-140702 are also list in Table 16. One may find from Table 15 and Table 16 that the simulation results in our simulator match the results in R1-140702. This tells us that as long as the simulation assumptions are the same, the simulation results are similar in two different simulators. 
Table 15 – UL link gain performance in our simulator
	UL link gain 
	Legacy 
	UL-FET-Less
	UL-FET-3

	1-link
	0 (ref)
	1.50
	2.15

	2-link
	0 (ref)
	1.59
	2.12

	3-link
	0 (ref)
	1.57
	2.09

	Average by UL loading
	0 (ref) 
	1.54 
	2.12


Table 16 – UL link gain performance in R1-140702
	
	Legacy 
	UL-FET-Less
	UL-FET-3

	UL link gain 
	0 (ref)
	1.57 
	2.05 
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