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1
Introduction

DCH Enhancement solutions are studied in TR 25.702 “Study on Dedicated Channel (DCH) enhancements for UMTS”. In RAN1-74b, some companies suggested to evaluate the DCCH performance when it is concatenated with the speech traffic channel. The evaluation results are provided in this contribution. In addition, more detailed descriptions of the solution 4 of TR 25.702 are presented here. These include the downlink encoding channel structure and complexity comparison, early termination (ET) gap protocol.
2
DCH Enhancement Design Aspects

These three topics will be detailed in the following sections for Solution 4 of TR 25.702:

  a. Encoding chain of frame early termination

  b. ET Gap protocol

  c. DCCH performance of Solution 4 of TR 25.702.

.

2.1
Encoding chain of frame early termination

To implement frame early termination, a new encoding chain is proposed so that 

1. the early termination can happen earlier with the proposed encoding chain[2].

2. the Legacy complicated rate matching is modified to a quite simple one.

Figure 1 shows the proposed encoding chain of DL. It is noted that the encoding chain is similar to that of UL except “Power adjustment for different TFC” is specific to DL and it is similar to UL BetaD/BetaC concept. In Step 1, Class A, B, and C data are cascaded together. When there exists DCCH, it is also cascaded together to make the whole encoding chain simple. It is noted that TTI of DTCH(Class A, B, C) is 20ms, and TTI of DCCH is 40ms. For simplicity, DCCH is transmitted twice in the proposal. DCCH performance will be discussed in Section 2.3. In Step 2, CRC attachement and channel coding are applied, and this step is similar to Legacy procedure except 16-bit CRC is always attached for the cascaded TrCH. In Step 3, simple interleaving and {repeat or truncate} is proposed to replace Legacy rate matching procedure. As shown in Figure 2, it is assumed there are X bits after encoding and there are Y available bits according to spreading factor and slot format. Interleaving is performed over these X bits, and then “repeat” or “truncate” is applied depending on the relationship of X and Y. If X<=Y, encoded bits after interleaving are duplicated from the beginning of these X bits to fulfill these Y bits. If X>Y, the last (X-Y) bits are discarded.
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Figure 1 – Proposed DL encoding chain
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Figure 2 – The procedure of “interleaving and {repeat or truncate}”
Figure 3 shows the difference of encoding chain between the proposed and that of DL Solution 3 of TR, which is Legacy-like rate matching. The example is based on packet type “Full”. The procedure is the same before 1/3 convolutional encoding. After that, the proposed encoding chain performs interleaving over all 804 bits and repetition is applied to fulfill the whole TTI 1140 bits. On the other hand, Solution 3 of TR performs legacy rate matching by repetition at first to produce 1140 bits. After that, 1st interleaving, frame segementation, and block interleaving are applied. In all these steps, legacy rate matching (RM) is the most complicated one. In legacy RM, parameters eini, eplus, and eminus are calculated at first from RM attribute, encoded bit number per TrCH, and available physical bit number. In this example, eini = 1, eplus = 1608, and eminus = 672. The legacy RM algorithm for repetition is shown below as pseudo code : 

e = eini
                -- initial value

m = 0

  -- index of current bit

do while m <= 803

e = e – eminus              -- update e

do while e <= 0         -- check if bit number m should be repeated

repeat bit am 

e = e + eplus          -- update e

end do                       (repeat more than one bit if eminus > eplus)

m = m + 1
                --  next bit

end do

Figure 4 presents some of the repeated bits within 804 bits and the “e” update process in the example.

If DCCH exists, Solution 3 needs to perform the behavior twice since there are two TrCHs, where one is DTCH and the other is DCCH. However for solution 4 of [1], even if DCCH exists, the proposed encoding chain still only needs to perform the simple process only once.
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Figure 3 – The difference of encoding chain between the proposed and that of DL Solution 3 of TR
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Figure 4 – Repeat bit by legacy repetition algorithm
Table 1 summarizes the similarity or difference between the proposed encoding chain and that of DL Solution 3 of TR. It is found although the proposed encoding chain requires specification change, it is quite a simple one compared to the Legacy-like procedure.

Table 1 – encoding chain comparison
	
	DL Solution 3 of TR
	Proposed 
(DL Solution 4 of TR)

	DTCH cascade
	Yes
	Yes

	DCCH cascade
	No
	Yes

	CRC attachment
	16 bits for DTCH

16 bits for DCCH
	16 bits for the only one TrCH 

	Convolutional code
	1/3
	1/3

	Rate matching
	Calculate eini, eplus, and eminus by RM attribute, encoded bit number per TrCH, and available physical bit number.

Perform Legacy RM algorithm to repeat or puncture bits

In the example of Figure 4, 1140 “formula calculation” and 1140 “compare” operations are required

    do while m <= 803

        e = e – eminus        -- update e

        do while e <= 0

            repeat bit am
            e = e + eplus     -- update e

        end do

        m = m + 1

    end do

Run RM twice if DCCH exists 
	Simple repetition or truncation is followed by block interleaving

No “formula calculation” or “compare” operation is required

Run only once no matter DCCH exists or not 

	DTX insertion
	Yes
	No 

	1st interleaving and frame segmentation
	Yes
	No

	2nd interleaving
	Within a frame
	Within a TTI 

	Physical channel mapping 
	Yes 
	Yes 


Since the proposed encoding chain has the below three advantages

1. better Ec/Ior benefit due to earlier early termination [2],

2. simpler encoding chain/decoding process

3. simpler FET request mechanism due to only one TrCH,

it is proposed the new encoding chain is adopted.

Proposal 1 : Agree the proposed encoding chain “interleave and {repeat or truncate}” shall be standardized.

2.2
ET Gap protocol

Candidate solutions for both DL and UL ACK signaling using spared TPC symbols have been presented in [1, 3]. An ET (early termination) gap concept was introduced in [4]. In this subsection, the detailed description of ET gap is further explained. 

I: ACK/NACK using spared TPC symbols of UL DPCCH for DL early termination

As shown in Figure 5, the legacy UL TPC symbols can be used for ACK/NACK purpose. ACK may be transmitted more than one time to NB.
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Figure 5: Frame structure for UL DPCCH

II: ACK/NACK using spared TPC symbols of DL DPCCH for UL early termination

As shown in Figure 6, the legacy DL TPC symbols can be used for ACK/NACK purpose. ACK may be transmitted more than one time to UE.
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Figure 6: Frame structure for DL DPCH

For either UE or NB to enter ET gap, there are two scenarios:

Scenario I: UL speech data CRC passed first

As shown in Figure 7, for NB, after a successful UL data decoding (CRC passed at slot #9), it will continuously send ACK to DL until it receives an UL ACK, and it then enters ET gap at slot #14. For UE, it receives ACK at slot #10 and will stop transmitting UL DPDCH at slot #11. UE decodes DL speech data successfully later and will send one ACK and enter ET gap at slot #13.
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Figure 7: When to enter ET gap scenario I: UL speech data CRC passed first

Scenario II: DL speech data CRC passed first

As illustrated in Figure 8, For UE, it decodes DL speech data successfully at slot #10 and will continuously send ACK to NB until it receives an ACK at slot #12 and enters ET gap at slot #13. For NB, it decodes UL data successfully at slot #11 and receives an ACK later it will send one ACK to DL enters ET gap at slot #13. 
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Figure 8: When to enter ET gap scenario II: DL speech data CRC passed first

2.3
DCCH performance of Solution 4 of TR 25.702.

In Section 2.1, the proposed encoding chain cascade Class A, B, C, and DCCH together. There is a need to check if the DCCH performance degrades or not compared to that of Legacy system. Section 2.3.1 provides the DCCH simulation results, and Section 2.3.2 lists simulation settings and parameters for reference.

2.3.1     DCCH performance

Table 2, shows the DCCH BLER performance for different packet type transmission. DTCH BLER in general converges to 0.01 except low geometry in PA3. It is found DCCH performance in Legacy system is in the order of 0.01. With our proposed mechanism, since DCCH and DTCH are cascaded together, its BLER per 20ms is 0.01. As for DCCH, since DCCH is transmitted twice within 40ms, DCCH has equivalent BLER ~= 0.01^2 = 0.0001. The performance is better than that of Legacy. Since DCCH occurrence probability is ~2%, the extra power cost is limited. Table 3 shows the Ec/Ior benefit.

Table 2 – DCCH BLER performance
	DCCH BLER
	Null+DCCH 
	SID+DCCH
	Full+DCCH 

	Legacy 
	Single link
	0.22 
	0.019
	0.011

	
	Two links SHO
	0.13 
	0.024
	0.013

	Proposed 
	Single link
	~0.0001

	
	Two links SHO
	~0.0001 


Table 3 – DL Ec/Ior benefit of the proposed encoding chain mechanism
	Ec/Ior benefit (dB)
	DCCH occurrence probability = 0%
	DCCH occurrence probability = 2%

	Single link
	3.19
	3.11

	Two links SHO
	3.09
	3.01


DCCH BLER performance and Ec/No benefit of UL are also listed in Table 4 and 5, respectively. DCCH BLER of the proposed encoding chain mechanism is also better than that of Legacy, and the extra power cost used for DCCH is also limited.

Table 4 – DCCH BLER performance
	DCCH BLER
	SID+DCCH
	Full+DCCH 

	Legacy 
	Single link
	0.0137
	0.0087

	
	Two links SHO
	0.0257
	0.0116

	Proposed 
	Single link
	~0.0001

	
	Two links SHO
	~0.0001 


Table 5 – UL Ec/No benefit of the proposed encoding chain mechanism
	Ec/No benefit (dB)
	DCCH occurrence probability = 0%
	DCCH occurrence probability = 2%

	Single link
	2.54
	2.49

	Two links SHO
	2.58
	2.53


By the proposed encoding chain, DCCH is cascaded with DTCH, which makes the whole encoding chain, decoding chain, and ET mechanism even simpler. DCCH BLER performance is verified in this section and is better than that of Legacy.
Proposal 2 : Agree DCCH shall be concatenated with speech DTCH.

2.3.2     Simulation Assumptions
For DL DCCH performance evaluation of the new proposal, new pilot-free slot format is adopted. Table 6 lists parameters specific to ET. Additional parameters are listed in Table 7. Please refer to Section 8 of TR 25.702 for remaining simulation assumptions

Table 6 – ET related parameters

	Parameter
	Description

	FET-AI feedback error rate
	0%

	FET-AI feedback delay
	2 slots

	Decoding attempts
	slot 2~ slot 29

	ET Gap assumption
	UL is assumed decoded successfully and ACK for UL data is sent in Slot#9

	ET Gap warm up slot number
	1

	CRC size
	16


Table 7 – Some other parameters

	Parameter
	Description

	Speech codec
	AMR 12.2k

	Packet types
	{Null, SID, Full} with/without DCCH
average by probability {0.4375, 0.0625, 0.5}

	TFCI or BTFD
	BTFD

	TPC rate
	1500Hz

	Channel models
	PA3, PB3, VA30, VA120

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

{-3, 0, 3} for two 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]

	CE mechanism
	PWC

	CE average symbol length
	29 symbols

	DPDCH power adjustment in Mechanism B
( "Final DPDCH Tx power" = "DPDCH Tx power" + "DPDCH power adjustment" )
	-10.48 dB for "Null"
-6.29 dB for "SID"
0 dB for "Full"
-1.93 dB for "Null+DCCH"
-1 dB for "SID+DCCH"
1.91 dB for "Full+DCCH"


For UL DCCH performance evaluation of the new proposal, new TFCI transmission design by a new channel is adopted and the original TFCI field in UL DPCCH are replaced by pilot. Table 8 lists parameters specific to ET. Additional parameters are listed in Table 9. Please refer to Section 8 of TR 25.702 for remaining simulation assumptions

Table 8 – ET related parameters

	Parameter
	Description

	FET-AI feedback error rate
	0%

	FET-AI feedback delay
	2 slots

	Decoding attempts
	slot 1~ slot 29

	ET Gap assumption
	DL is assumed decoded successfully and ACK for DL data is sent in Slot#9

	ET Gap warm up slot number
	1

	CRC size
	16


Table 9 – Some other parameters

	Parameter
	Description

	Speech codec
	AMR 12.2k

	Packet types
	{Null, SID, Full} with/without DCCH
average by probability 

{0.4375, 0.0625, 0.5}
(Null is not simulated. Use SID’s DPCCH power and average ET Gap period to calculate Null’s DPCCH power)

	TFCI or BTFD
	TFCI

	TPC rate
	1500Hz

	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]

	CE mechanism
	PWC

	CE average symbol length
	29 symbols

	βd/ βc for 
{Null, SID, Full, Null+DCCH, SID+DCCH, Full+DCCH}
	{X, 9/15, 15/13, 11/15, 13/15, 15/12} in Legacy and the proposed

	OLPC setting
	BLER=0.01 at 20ms


3
Conclusions
Some design aspects of Solution 4 of TR 25.702 are detailed in this contribution. Section 2.1 details the proposed encoding chain of frame early termination and compares that with Legacy procedure. It is found the proposed is quite a simple one. ET Gap protocol is explained in Section 2.2 with some examples. DCCH BLER performance is verified in Section 2.3, and DCCH BLER performance is better than that of Legacy system.
Proposal 1 : Agree the proposed encoding chain “interleave and {repeat or truncate}” shall be standardized.

Proposal 2 : Agree DCCH shall be concatenated with speech DTCH.
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