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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 evaluates the DL DCH enhancement performance of different solutions. In addition, E-HICH-like DL AI (ACK indication channel) for UL FET solution proposed in [2][3] is also examined.
2
DL DCH Enhancement Solution Performance Comparison
There are two DL transport channel processing proposals for DCH enhancements in TR 25.702, which are Interleave-repeat and Pseudo-flexible RM (rate-matching) [1] as shown in Table 1. There are also two major UL transport channel processing solutions for enhanced DCH, which are UL-FET-Less [4] and UL-FET [1]. 

Table 1 – DL DCH Enhancement Candidates
	DL Proposals 
	Legacy (ref)
	Interleave-repeat
	Pseudo-flexible RM

	Coding chain
	Legacy

(4 TrCHs)
	DL FET Option 2 (Section 4.2.1.2 of TR 25.702)

(1 TrCH)
	DL FET Option 1 (Section 4.2.1.2 of TR 25.702)

(2 TrCHs)

	Slot format
	Slot format 8
	New slot format

Defined in Table 2 
	New slot format

Defined in Table 2 

	DL TPC rate
	1500Hz
	1500Hz
	1500Hz

	DL FET
	No
	Yes
	Yes

	DL AI for UL FET
	No
	No
	E-HICH-like solution


Table 2 - The proposed new DL DPCH slot format
	Slot Format #i 
	SF 
	Bits/ Slot 
	DPDCH Bits/Slot 
	DPCCH Bits/Slot 

	
	
	
	NData1 
	NData2 
	NTPC 
	NTFCI 
	NPilot 

	New 
	128 
	40 
	6 
	32 
	2 
	0 
	0 


Frame early termination mechanisms are embedded in “Interleave-repeat”, “Pseudo-flexible RM”, and “UL-FET”, but not required in UL-FET-Less proposal. Two DL & UL paired solutions are compared in this contribution: 

    Scheme_1 : “DL Interleave-repeat + UL-FET-Less” 
    Scheme_2 : “DL Pseudo-flexible RM + UL-FET”.
To realize frame early termination of UL-FET solution, E-HICH-like DL AI for UL FET solution is proposed in [2][3] for DL Pseudo-flexible RM solution, and preliminary ACK detection performance is investigated. Therefore, in this contribution E-HICH-like DL AI for UL FET is also combined with “DL Pseudo-flexible RM”. This contribution focuses on DL DCH solutions, and to have comprehensive performance evaluation, these three DL mechanisms are simulated and compared.

    1. Legacy DL: Legacy R99 DL DCH model. This is for performance reference.

    2. DL Interleave-repeat.
    3. DL Pseudo-flexible RM.
2.1
Performance Evaluation

2.1.1     Simulation Assumptions

UL AI feedback mask for DL FET is assumed as [11:2:27]. As shown in Fig 1, in the first UL AI chance to send ACK/NACK, UE collects data slot 0 ~ slot 9 and decodes speech data. However, in this example, the decoding fails and UE sends NACK to Node B. In the next UL AI chance, UE successfully decodes data by slot 0 ~ slot 11, sends ACK to Node B, and Node B stops DPDCH transmission from slot 15 ~ slot 29. It is also observed from Fig. 1 that UL AI feedback delay for DL FET is assumed as 3 slots. 
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Figure 1 – UL AI feedback assumption with UL AI feedback mask [11:2:27] for DL 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. UL is not simulated in DL performance simulation. For simplicity, the slot, at which the ACK for UL data is sent, is assumed as a Gaussian random variable with (mean = 14 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, Node B receives ACK for DL data just before Slot#13 and sends ACK to UE for UL data in Slot#15 (not shown in the figure). At this moment, Node B is aware that DL data and UL data are both terminated and stops both DPDCH and DPCCH transmission from Slot#16 to Slot#29. If DPCCH warm up slot number = 1, Node B ET Gap period is from Slot#16 to Slot#28.
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Figure 2 – A Node B ET Gap period example

Table 3 lists common parameters for FET. Table 4 presents FET parameters, which are set different value for “Interleave-repeat” and Pseudo-flexible RM“”. It is noted that the UL AI transmission scheme for DL FET is not specified in the DL simulation, only UL AI error rates are defined. UL AI error rates are from evaluation results of another Tdoc, R1-140252[4], and these reference error rates are practical due to careful evaluation. Scheme_1 and Scheme_2 are compared. UL AI solutions for DL FET are different in these two pairs, and therefore FAR and MDR are not exactly the same. From previous evaluation, DPCCH warm up slot number equaling to 0 or 1 makes almost no difference in DL link gain. No DPCCH warm up slot in “Interleave-repeat” makes whole design simpler. E-HICH-like power boost is set as different value for single link and SHO cases. Additional parameters are listed in Table 5. Please refer to Section 8 of TR 25.702 for remaining simulation assumptions.
Table 3 – Common FET parameters
	Parameter 
	Description 

	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)


Table 4 – Other FET parameters
	Parameter 
	Interleave-repeat 
	Pseudo-flexible RM 

	DL AI for UL FET 
	X 
	E-HICH-like 

	FAR of UL AI for DL FET
(false alarm rate) 
	0.0004 for single link 

0.003 for SHO 
	0.0004 for single link 

0.003 for SHO 

	MDR of UL AI for DL FET
(miss detection rate) 
	0.06 for single link 

0.13 for SHO 
	0.08 for single link 

0.18 for SHO 

	DPCCH warm up slot number 
	0 
	1 

	E-HICH-like power boost additional to DPDCH power 
	X 
	3dB for single link 

6dB for two links SHO 

6dB for three links SHO 


Table 5 – Some other parameters

	Parameter
	Description

	Packet types
	Null, SID, Full
average by probability {0.4375, 0.0625, 0.5}
DCCH existing probability = 2%

	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]


2.1.2     Simulation Results
First of all, DTCH BLERs are presented in Table 6, and all BLERs converge to the requirement 0.01 except low geometries in PA3. For simplicity, BLERs in Table 6 are averaged over geometries and channel models. The little BLER divergence in PA3 happens not only in “Interleave-repeat” and “Pseudo-flexible RM” but also in Legacy. Therefore the divergence is not a particular issue in DCH Enhancement discussion. 
Table 6 – BLER performance verification

	DTCH BLER (%)
	Legacy
	Interleave-repeat
	Pseudo-flexible RM

	Single link
	1.08
	1.07
	1.06

	Two links SHO 
	1.02
	1.02
	1.02

	Three links SHO
	1.02
	1.03
	1.02


Table 7 shows the DL link gain, which is averaged over geometries and channel models. There are two cases in “Pseudo-flexible RM”, which are Case A and Case B, as defined below

    Case A : It is assumed ACK of DL AI for UL FET is always transmitted per TTI

    Case B : It is assumed ACK of DL AI for UL FET is always transmitted per TTI except that Node B has a “Null” TFCI decoding result. The {Null, SID, Full} occurrence probability is assumed {0.4375, 0.0625, 0.5}. For simplicity, Case B assumes ACK of DL AI transmission probability is 0.0625+0.5=0.5625 per TTI.

From discussion during RAN1#75, Case B is a more practical scenario. It is found “Interleave-repeat” is much better than both Case A and Case B in “Pseudo-flexible RM”. It is observed during RAN1#74bis that “Interleave-repeat” is better than “Pseudo-flexible RM without DL AI transmission” about 0.1dB [5]. Therefore, it is found that it takes a lot of power to transmit DL AI for UL FET. Even if DL AI transmission probability is assumed rather than 100%, the DL capacity loss due to DL AI transmission is large, around 0.6dB in two or three links SHO cases.
Table 7 – DL link gain performance
	DL link gain
(dB)
	Legacy
	Interleave-repeat
	Pseudo-flexible RM
Case A
	Pseudo-flexible RM

Case B

	Single link
	0 (ref)
	2.47
	1.85
	2.09

	Two links SHO 
	0 (ref)
	1.91
	0.76
	1.20

	Three links SHO
	0 (ref)
	1.83
	0.62
	1.07


E-HICH-like DL AI performance is given in Table 8. FAR means false alarm rate, and MDR means miss detection rate. FAR and MDR are averaged over geometries. FAR and MDR are categorized into two groups. One is {PA3}, and the other is {PB3, VA30, VA120}. This is because performance in PA3 is much worse than other three channel models. In single link case, FAR can achieve 10^-4 in all channel models, where 10^-4 is the target FAR per chance during DCH Enhancement discussion. Besides, MDR is better than 0.1 in single link case. FAR performance is much worse in two or three links SHO cases even though ACK PO in SHO cases is assumed 3dB larger than that in single link. In PA3, FARs of two links SHO and three links SHO are 42*10^-4 and 77*10^-4, respectively. The FARs are much worse than the target FAR! The worse FET-AI FAR makes BLER unable to achieve requirement 0.01 in PA3 of three links SHO case, as shown in R-140252[4].
Table 8 – E-HICH-like DL AI performance

	DL AI performance
	Single link
(ACK PO=3dB)
	Two links SHO
(ACK PO=6dB)
	Three links SHO
(ACK PO=6dB)

	PA3
	FAR ~= 10^-4

MDR = 0.059 
	FAR = 42*10^-4 

MDR = 0.11 
	FAR = 77*10^-4 

MDR = 0.15 

	Average over

PB3, VA30, VA120
	FAR = 10^-4

MDR = 0.074 
	FAR = 4*10^-4 

MDR = 0.10 
	FAR = 11*10^-4 

MDR = 0.15 


3
Conclusions
Two DL DCH Enhancement solutions are compared in this contribution. “Interleave-repeat” is much better than “Pseudo-flexible RM” since “Pseudo-flexible RM” needs significant power to transmit DL AI for UL FET. However, even though the power of DL AI transmission is huge, the DL AI performance for UL FET is still much worse than the target FAR in SHO cases, which will cause UL BLER performance degradation for UL DTCH transmission. In conclusion, “Interleave-repeat” is much better than “Pseudo-flexible RM” from the DL capacity point of view when DL ACK indication overhead is considered.
Observation 1: It reduces DL link gain around 0.6dB in order to transmit DL AI for UL FET.
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