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1
Introduction

It was agreed in RAN1#76bis:

· Interpretation of Ack/Nack: UE signals Ack on UL when all transport blocks transmitted being transmitted on DL DPCH are decoded successfully with CRC-pass.

· The Ack sent on UL indicates successful decoding of all such transport blocks with a TTI during which UL Ack transmission was started.  I.e. in case of simultaneous DCCH and DTCH transmission, UL Ack is only sent when both DCCH and DTCH TBs decode correctly.
Interpretation of Ack/Nack is defined, and all Ack/Nack chances are valid when DL-FET feature is enabled in Normal mode. This contribution discusses the advantage of disabling DL-FET chances for DL DCCH. 
2
Observation of DL-FET
2.1
Observation 1
If DL-FET is performed for DL DCCH, extra link gain could be obtained compared with DL FET is not performed for DL DCCH. However, the DCCH occurrence probability is small, which is around 2%, and therefore the extra link gain improvement in average is quite limited. As shown in Table 1, the extra link gain is only 0.02dB when given DCCH occurrence probability is 2%. For convenience, in the contribution, 
    “Enable FET for DCCH” stands for the behavior “DL-FET is performed for DL DCCH”, and
    “Disable FET for DCCH” stands for the behavior “DL-FET is not performed for DL DCCH”.
Simulation assumptions are listed in Appendix for reference.
Table 1 – Link gain comparison
	Link gain (dB)
	Single link
	Two links SHO
	Three links SHO

	“Enable FET for DCCH”
	2.46
	2.36
	2.24

	“Disable FET for DCCH”
	2.44
	2.34
	2.22

	Difference
	0.02
	0.02
	0.02


However, if DL-FET is disabled for DCCH, there are some decoding advantages:

1. UE saves almost 50% BTFD trials all the time.

a. “Enable FET for DCCH”: Take fixed-rate AMR services for example, UE has to execute BTFD with 6 possible candidates (Null, SID, Full, Null+DCCH, SID+DCCH, Full+DCCH) for every Ack/Nack chance. 

b. “Disable FET for DCCH”: UE has to execute BTFD with 3 possible candidates (Null, SID, Full) for every Ack/Nack chance. Meanwhile, UE only needs to execute BTFD with 6 candidates at DCCH TTI end as legacy R99.

2. Node B does not need to decode Ack/Nack when DL DCCH is transmitted.

Proposal 1 : Node B disables DL-FET for DL DCCH.
2.2
Observation 2
Based on downlink FET simulation results, it is found the successful detection rate (SDR) on DCCH in the first 20ms is very small, as shown in Figure 1. Here we indexed 60 slots within DCCH 40ms TTI as 0~59. The scenario “VA30, Single link, Ior/Ioc=6dB, TFC as “Full+DCCH” is applied. Since UL Ack/Nack transmission scheme for DL-FET has been agreed to use slot-pair-wise Ack/Nack as Slot#[10&11, 12&13, 14&15, 16&17, 18&19, 20&21, 22&23, 24&25, 26&27] every 20ms. Therefore UE early decode trials will be [9, 11, …, 25, 39, 41, …, 55] & [59] in Figure 1. 
In Figure 1, the SDR before slot #29 is less than 10%. That means there is a pretty small chance to early terminate in the first 20ms within 40ms DCCH TTI.
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Figure 1 – Successful detection rate of DCCH
Since DL-FET chance is pretty small in the first 20ms within 40ms DCCH TTI, DL-FET might be disabled during the period. That is, we may disable DL FET for DL DCCH at specific frames whose CFN%4 = 0 or CFN%4 =1. By doing so, the advantages are:

1. UE saves almost 25% BTFD trials as Table 2.
Table 2 – BTFD trial comparison for Observation 2
	Number of BTFD trials
	During the first half of DCCH TTI 
	During the second half of DCCH TTI 

	“Enable FET for DCCH” 
	6 
	6 

	“Enable FET for second half of DCCH” 
	3 
	6 


2. Node B does not need to decode Ack/Nack in the first 20ms within DCCH 40ms TTI when DL DCCH is transmitted.

Proposal 2 : The alternative solution to Proposal 1 is that Node B disables DL-FET for the first half of DL DCCH.
2.3
Summary
Within appropriate restriction on DL-FET chance, at most 50% of BTFD decoding trials at UE side can be saved. Table 3 shows the analysis on number of BTFD trials in every 40ms. Assume the number of early decoding trials per DTCH TTI is N, where N depends on the DPCH content and channel environment. For the worst case, N is equal to 9. In this case, early decoding results are always erroneous. For typical case, N may be 4 or 5 in average. In addition, Ack/Nack decoding trials at Node B side when DL DCCH is practically transmitted can also be reduced, as shown in Table 4. Overall, we may summary the differences of various DL FET proposals on DL DCCH in Table 5. We may reduce the at most 50% of UE BTFD trials with Proposal 1 with the cost of negligible 0.02 dB link gain.
Table 3 – Number of BTFD trials per 40ms
	Number of BTFD Trails / 40ms
	Early Decoding at First Half of 40ms
	Early Decoding  at Second Half of 40ms
	TTI Boundary Decoding
	Total

	Enable FET for DCCH
	6*N
	6*N
	3+6
	12*N+9

	Disble FET for DCCH (Proposal 1)
	3*N
	3*N
	3+6
	6*N+9

	Enable FET for 2nd half of DCCH (Proposal 2)
	3*N
	6*N
	3+6
	9*N+9


Table 4 –Number of Ack/Nack detection per 40ms  when DL DCCH is transmitted
	Number of ACK/NACK Detection / 40ms
	Early Decoding at First Half of 40ms
	Early Decoding  at Second Half of 40ms
	Total

	Enable FET for DCCH
	N
	N
	2*N

	Disble FET for DCCH (Proposal 1)
	0
	0
	0

	Enable FET for 2nd half of DCCH (Proposal 2)
	0
	N
	N


Table 5 –Comparisons of various DL FET proposals for DL DCCH in typical case (N=5)
	Averaged in 40ms
	Number of BTFD Trails
	Number of ACK/NACK Detection
	Link Gain Difference

	Enable FET for DCCH
	69 (100%)
	10 (100%)
	Ref

	Disble FET for DCCH (Proposal 1)
	39 (56%)
	0   (0%)
	-0.02

	Enable FET for 2nd half of DCCH (Proposal 2)
	54 (78%)
	5   (50%)
	0


3
Conclusions
Within appropriate restriction on DL-FET, the number of BTFD decoding trials at UE side can be reduced by at most 40%. In addition, the number of Ack/Nack decoding trials at Node B side when DL DCCH is practically transmitted can also be reduced. Table 5 briefs the decoding complexity analysis. To reduce the amount of receiver operations, we have
Proposal 1 : Node B disables DL-FET for DL DCCH.

Proposal 2 : The alternative solution to Proposal 1 is that Node B disables DL-FET for the first half of DL DCCH.
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Appendix
5.1
Simulation assumption
· Parameters irrelevant to DL-FET

· BTFD with ideal TFCI knowledge in RX;  

· Speech model : AMR 12.2K (taking average of fixed Null, SID, Full, Null+DCCH, SID+DCCH, and Full+DCCH sim)

· TPC FBER = 0.04;  # of Rx antenna = 1

· Channel : PA3, PB3, VA30, VA120

· Single link, two links SHO, and three links SHO (link imbalance is 0dB)

· Single link, Ior/Ioc = 0:3:12; two links, Ior/Ioc = -3:3:3; three links, Ior/Ioc = -6:3:0

· DL-FET parameters

· ACK feedback error rate : Miss detection rate = 0.1; False alarm rate = 0.0005

· ACK feedback delay : 3 more DL slots transmitted[image: image2.png]



