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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1]. This contribution provides a text proposal on DPCH frame early termination and some preliminary link level simulation results to the Technical Report [2].

2
Text Proposal
--------------------------------------------------------- Start of text proposal 1----------------------------------------------------------

5
DCH Enhancements

5.1
Uplink Physical Layer Enhancements
5.1.x
Uplink Frame Early Termination
For UMTS R99 circuit-switched traffic, the target BLER for speech service is at the order of 0.01. In most cases, it is not necessary to receive all slots within TTI for a successful block decoding. Once the receiver successfully decoded the data (i.e. CRC passed), it may ask the transmitter to stop transmission immediately before TTI ends, which reduces transmit power consumption but has no impact to the receiving quality. The mechanism is more power efficient and can support more circuit switch (CS) speech links simultaneously. In addition, CS links with early termination introduce less interference to other communication links and hence can contribute to the quality of HSPA services.

5.1.x.1    Encoding procedure of UL early termination
An example of modified encoding procedure for CS links to facilitate early termination is illustrated in Figure 5.1.x.1. The details of each block are described in the following subsections.
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Figure 5.1.x.1 – Block diagram of UL encoding procedure

5.1.x.1.1    TrCH mixture

For the sake of a simpler encoding and decoding chain, the Transport channels (TrCH) are mixed into one single TrCH. For example, there are 4 TrCHs for AMR fixed 12.2k, as shown in Table 5.1.x.1.1.

Table 5.1.x.1.1 - TrCHs for AMR fixed 12.2k

	Logical channel type
	DTCH

Class A
	DTCH

Class B
	DTCH

Class C
	DCCH

	TTI(ms)
	20
	20
	20
	40


20ms TTI is applied in the above procedure. To simplify the procedure and to guarantee DCCH BLER, DCCH is transmitted twice within its 40ms TTI. When DCCH is transmitted, the four TrCHs are multiplexed into a single TrCH; otherwise the other three TrCHs are multiplexed together.

5.1.x.1.2    CRC attachment and scrambling

TFCI-based transmission is applied in UL. In legacy system, 12-bit CRC is attached to the TrCH for DTCH Class A. For the mixed TrCH described above, 16-bit CRC is suggested since it carries more information bits than the TrCH for DTCH Class A. In case of speech muting (i.e. no information bit to be transmitted), CRC is not attached due to TFCI-based transmission.
5.1.x.1.3    Channel coding

The R99 convolutional code is reused for the modified encoding chain.

5.1.x.1.4    Rate matching and interleaving

Rate matching and interleaving mechanisms are modified and are illustrated in Figure 5.1.x.1.4. In the legacy system, flexible spreading factor is applied. The smaller the spreading factor is, the more bits can be transmitted within a TTI, which implies more bits can be collected in an earlier stage to increase the chance of early termination. Simulation results show that a fixed spreading factor value of 32 is preferable by early termination. In this case, if the number of encoded bits is not greater than the number of available physical bits (i.e. the number of bits which can be transmitted by the used DPDCH), intra-coded-block interleaving is applied followed by repetition. The purpose is to transmit the first copy of the coded block as earlier as possible. On the other hand, if the number of encoded bits is greater than the number of available physical bits, puncturing is applied first followed by intra-coded-block interleaving.
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Figure 5.1.x.1.4 – Rate matching and interleaving

5.1.x.1.5    Physical channel mapping

This follows the original R99 procedure including modulation and spreading.

5.1.x.1.6    Stop data transmission based on early termination indicator

This is the most important block for the early termination feature. Once UE is informed the successful decoding by BS, it can stop remaining transmission before TTI ends to save transmit power. Early termination indicator (ETI) is transmitted every two slots in this example, and a positive value indicates successful decoding by the receiver. In case 750Hz transmit power control rate [4] is used, the spare TPC bits can be used for conveying the ETI. Figure 5.2.x.1.6 shows an example of the early termination flow. As seen, the UE performs some decoding attempts and got a successful decoding. It then informs BS to stop remaining transmission by sending ACKs.
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Figure 5.1.x.1.6 – An example of UL data transmission with early termination

There are several advantages when the proposed early termination mechanism works with the optimized transmit power control rate as proposed in [4]. First, the spare TPC symbols in UL DPCCH due to slower TPC rate can be reused to convey the early termination indicators, so that there is no need of introducing new uplink channel. Likewise in the uplink direction, when the spare TPC symbols in DL DPCCH are used for ETIs, these ETI symbols can also be used for DL SINR estimation when the optimized DPCH slot format [3] is used so that there is no wasted power.

5.1.x.1.7    Power adjustment

Table 5.1.x.1.7 shows the DPDCH/DPCCH power ratio when early termination is used.
Table 5.1.x.1.7 - DPDCH/DPCCH power ratio

	Packet
	Null
	SID
	Full

	DPDCH/DPCCH power ratio(dB)
	N/A
	-4.437
	1.938


5.1.x.1.8    Early termination of both DL and UL data transmission
When both DL and UL data transmission are early terminated, DPCCH can be also terminated with neglectable degradation of system performance. As shown in Figure 5.1.x.1.8, UE stops UL DPCCH transmission from slot 18 to slot 26. The period is called ET gap.
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Figure 5.1.x.1.8 – An example of UL data transmission with early termination
5.1.x.2    TFCI based or BTFD based transmission

Both TFCI-based and BTFD-based transmission mechanisms are feasible for early termination. UL DPCCH Slot Format #0 is used by TFCI-based transmission, while UL DPCCH Slot Format #1 is used by BTFD-based transmission, as show in Table 5.1.x.2.
Table 5.1.x.2 – UL DPCCH Slot Format
	Slot Format #i
	SF
	Bits/Slot
	Npilot
	NTPC
	NTFCI
	NFBI
	Transmitted slots per radio frame

	0
	256
	10
	6
	2
	2
	0
	15

	1
	256
	10
	8
	2
	0
	0
	8-15


5.1.x.2.1    TFCI based transmission

The original TFCI (10,32) code is still applied with early decoding. The maximum number of TFC for 12.2k services is 16, which means only 4 bits out of 10 TFCI bits are valid. When 4 bits are encoded to 32 bits, the probability of a successful decoding before the whole 32 bits are fully collected is quite high. Whenever BS tries to decode the data, it first performs early decoding for TFCI. This is called TFCI early decoding.
5.1.x.2.2    BTFD based transmission

For BTFD based transmission, BS tries every possible TFC candidates at each decoding attempt.
5.1.x.3    Early termination indicator feedback
To realize early termination, early termination indicator (ETI) is required. In case of 750Hz transmit power control (TPC) rate [4], the spared TPC symbols are used to transmit ETI. Figure 5.1.x.3.1 illustrates an example of how the ETI feedback works for UL data transmission. In this example, BS collects data slot 0 to slot 10, performs TFCI-based or BTFD-based ET procedure. Once the data is successfully decoded, a positive ETI is sent in DL DPCCH in slot 13 to inform UE that UL data can be terminated. Otherwise, a negative ETI is sent in DL DPCCH in slot 13 to inform UE. The ETIs can be sent every two slots in DL DPCCH from slot 1 to slot 29. An ETI feedback mask can also be defined to indicate which slots ETI can be sent in. For example, a feedback mask [13:2:29] means ETIs can be sent every two slots in slot 13 to slot 29, and the corresponding early decoding attempts occur every two slots starting from slot 10 to slot 26.
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Figure 5.1.x.3.1 – An example of ETI feedback for UL data transmission based on 750Hz TPC rate
In case of dynamic TPC Rate [4] i.e., TPC symbols are only replaced by ETI according to the defined ETI feedback mask, the TPC rate will not be constant. As shown in Figure 5.1.x.3.2, the ETI feedback mask is [13:2:29], and there is one period with TPC rate 1500Hz and the other one period with TPC rate 750Hz. 
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Figure 5.1.x.3.2 – An example of ETI feedback for UL data transmission based on dynamic TPC rate
5.2
Downlink Physical Layer Enhancements
5.2.x
Downlink Frame Early Termination

For UMTS R99 circuit-switched traffic, the target BLER for speech service is at the order of 0.01. In most cases, it is not necessary to receive all slots within TTI for a successful block decoding. Once the receiver successfully decoded the data (i.e. CRC passed), it may ask the transmitter to stop transmission immediately before TTI ends, which reduces transmit power consumption but has no impact to the receiving quality. The mechanism is more power efficient and can support more circuit switch (CS) speech links simultaneously. In addition, CS links with early termination introduce less interference to other communication links and hence can contribute to the quality of HSPA services.
5.2.x.1    Encoding procedure of DL early termination
An example of modified encoding procedure for CS links to facilitate early termination is illustrated in Figure 5.2.x.1. 
The following subsections describe the detail of each block.
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Figure 5.2.x.1 – Block diagram of DL encoding procedure

5.2.x.1.1    TrCH mixture

For the sake of a simpler encoding and decoding chain, the Transport channels (TrCH) are mixed into one single TrCH. For example, there are 4 TrCHs for AMR fixed 12.2k, as shown in Table 5.2.x.1.1.

Table 5.2.x.1.1 - TrCHs for AMR fixed 12.2k

	Logical channel type
	DTCH

Class A
	DTCH

Class B
	DTCH

Class C
	DCCH

	TTI(ms)
	20
	20
	20
	40


20ms TTI is applied in the above procedure. To simplify the procedure and to guarantee DCCH BLER, DCCH is transmitted twice within its 40ms TTI. When DCCH is transmitted, the four TrCHs are multiplexed into a single TrCH; otherwise the other three TrCHs are multiplexed together.

5.2.x.1.2    CRC attachment and scrambling

BTFD is suggested for the modified encoding chain because we observed that BTFD-based slot format is more power efficient compared to TFCI-based slot format. In this case, CRC is always attached for RX decoding. To achieve an acceptable false detection rate, 16-bit CRC is suggested. For the speech Mute case, i.e., there is no information bit to be transmitted, all the CRC are zero. Since an all-zero codeword is not good for blind detection, and CRC bits are further scrambled. 

5.2.x.1.3    Channel coding

The R99 convolutional code is reused for the modified encoding chain.

5.2.x.1.4    Rate matching and interleaving

Rate matching and interleaving mechanisms are modified and are illustrated in Figure 5.2.x.1.4. If the number of encoded bits is less or equal to the number of available physical bits (i.e. the number of bits which can be transmitted by the used DPDCH), the intra-coded-block interleaving is applied and repetition is performed afterward. The purpose is to transmit the first copy of the coded block as earlier as possible. On the other hand, if the number of encoded bits is greater than the number of available physical bits, puncturing is applied and then intra-coded-block interleaving is performed.

[image: image8.png]- Intra-cod!d-block

Puncturing interleaving

BoERHE — [EsmE s e

Intra-coded-block
l interleaving

l Repetition




Figure 5.2.x.1.4 – Rate matching and interleaving

5.2.x.1.5    Physical channel mapping

This follows the original R99 procedure including modulation and spreading.

5.2.x.1.6    Stop data transmission based on early termination indicator

This is the most important block for the early termination feature. Once BS is informed the successful decoding by UE, it can stop remaining transmission before TTI ends to save transmit power. Early termination indicator (ETI) is transmitted every two slots in this example, and a positive value indicates successful decoding by the receiver. In case 750Hz transmit power control rate [4] is used, the spare TPC bits can be used for conveying the ETI. Figure 5.2.x.1.6 shows an example of the early termination flow. As seen, the UE performs some decoding attempts and got a successful decoding. It then informs BS to stop remaining transmission by sending ACKs.
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Figure 5.2.x.1.6 – An example of DL data transmission with early termination

There are several advantages when the proposed early termination mechanism works with 750Hz transmit power control rate as proposed in [4]. First, the spare TPC symbols in UL DPCCH due to slower TPC rate can be reused to convey the early termination indicators, so that there is no need of introducing new uplink channel. Likewise in the uplink direction, when the spare TPC symbols in DL DPCCH are used for ETIs, these ETI symbols can also be used for DL SINR estimation when the optimized DPCH slot format [3] is used so that there is no wasted power.

5.2.x.1.7    Power adjustment

In this example, DTX bits are not inserted into DPDCH and power adjustment is applied. The basic idea is to have more power on the coded block with more coded bits. The final applied DPDCH power is proportional to the number of coded bits.
Table 5.2.x.1.7 - DPDCH power adjustment
	Packet
	Null
	SID
	Full

	DPDCH power adjustment (dB)
	-8.38
	-5.03
	0


5.2.x.1.8    Early termination of both DL and UL data transmission
When both DL and UL data are early terminated, DPCCH can be also terminated with neglectable degradation of system performance. As shown in Figure 5.2.x.1.8, BS stops UL DPCCH transmission from slot 19 to slot 26. The period is called ET gap.
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Figure 5.2.x.1.8 – An example of DL data transmission with early termination

5.2.x.2    TFCI based or BTFD based transmission

BTFD-based transmission is the most popular in the legacy DL system and hence is also used in the proposed DL early termination scheme. In this case, BS tries every possible TFC candidates at each decoding attempt. Please be noted that DL ET is also feasible for TFCI-based transmission. 
5.2.x.3    Early termination indicator feedback

To realize early termination, early termination indicator (ETI) is required. In case of 750Hz TPC rate, the spared TPC symbols are used to transmit ETI. An example of ETI feedback is illustrated in Figure 5.2.x.3.1. As seen, UE collects data slot 0 to slot 6 and performs BTFD. If the data is successfully decoded (i.e. CRC passed), a positive ETI is sent in UL DPCCH in slot 7 to inform NodeB to terminate DL data transmission. Otherwise, a negative ETI is sent in UL DPCCH in slot 7 to inform NodeB. The ETIs can be sent every two slots in UL DPCCH from slot 1 to slot 29. An ETI feedback mask can also be defined to indicate which slots ETI can be sent in. For example, a feedback mask [7:2:27] means ETIs can be sent every two slots in slot 7 to slot 27, and the corresponding early decoding attempts occur every two slots starting from slot 6 to slot 26.
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Figure 5.2.x.3.1 – An example of ETI feedback for DL data transmission based on 750Hz TPC rate
In caes of dynamic TPC Rate [4] i.e., TPC symbols are only replaced by ETI according to the defined ETI feedback mask, the TPC rate will not be constant. As shown in Figure 5.2.x.3.2, the ETI feedback mask is [7:2:27], and there is one period with TPC rate 1500Hz and the other one period with TPC rate 750Hz. 
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Figure 5.2.x.3.2 – An example of ETI feedback for DL data transmission based on dynamic TPC rate
--------------------------------------------------------- End of text proposal 1-----------------------------------------------------------
--------------------------------------------------------- Start of text proposal 2----------------------------------------------------------
10
Link Evaluation Results

10.x
Frame Early Termination
10.x.1    UL Frame Early Termination
This section presents the simulation results of UL ET as described in Section 5.1.x. The common early termination related parameters is presented in Section 10.x.1.1. Link level simulation resuts for different combinations of ET schemes (TFCI-based or BTFD-based) and TPC rates (750Hz or dynamic TPC) are presented in the the following sections and are summaried in Table 10.x.1. Finally a conclusion is drawn in Section 10.x.1.6.

Table 10.x.1 – Combination of ET schemes and TPC rates under evaluation
	
	TFCI or BTFD
	TPC rate

	Section 10.x.1.2
	TFCI
	750Hz

	Section 10.x.1.3
	TFCI
	Dynamic

	Section 10.x.1.4
	BTFD
	750Hz

	Section 10.x.1.5
	BTFD
	Dynamic


10.x.1.1
Common UL Frame Early Termination Simulation Assumption

ETI feedback error rate is assumed to be 0 for simplicity. As shown below, BS has no successful decoding until it collects data of slot 0~slot 14. According to the ETI feedback procedure, UE terminates DPDCH after slot 17.
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Figure 10.x.1.1.1 – An example of ETI feedback for UL data transmission based on dynamic TPC rate
When DL and UL data transmission are both early terminated, DPCCH can be also terminated with negligible impact to system performance. Since DL is not simulated in UL performance simulation, UE is assumed to be able to stop DPCCH transmission if the following two conditions are both satisfied: 

            1. UE terminates DPDCH transmission.

            2. The slot index is within 20~26.

Since DL data early termination starts before slot 20 with high probability, ET Gap is assumed to start after slot 20. Moreover, 3 slots are used for power control warm up so that transmission power can be updated at least once before entering the next TTI even for TPC rate 750Hz.
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Figure 10.x.1.1.2 – An example of ETI feedback for UL data transmission based on dynamic TPC rate
Table 10.x.1.1.1 lists simulation parameters specific to ET. Additional parameters are listed in Table 10.x.1.1.2.

Table 10.x.1.1.1 – ET related parameters

	Parameter
	Description

	ETI feedback error rate
	0%

	ET gap period
	Within slot 20~ slot 26

	CRC size
	16


Table 10.x.1.1.2 – Additional parameters

	Parameter
	Description

	Speech codec
	AMR 12.2k

	CE mechanism
	PWC

	CE average symbol length
	29 symbols


10.x.1.2
UL Frame Early Termination Link Evaluation Results Based on “TFCI” and “TPC Rate 750Hz”
In this section, the simulation results for UL ET based on “TFCI” and “TPC Rate 750Hz” are presented. The simulation results of Legacy R99 based on “TFCI” are also presented for comparison. With “TPC Rate 750Hz”, TPC symbols are sent every two slots in slot 0 ~ slot 28. ETI feedback mask is defined as slot index [13:2:29]. The setting is shown in Table 10.x.1.2.1 and in Figure 10.x.1.2.1.
Table 10.x.1.2.1: TPC symbol mask and ETI feedback mask 

	Legacy
	ET

	TPC symbol mask [0:1:29]
	ETI feedback mask [13:2:29]

TPC symbol mask [0:2:28]

Invalid ETI symbol mask [1:2:11]
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Figure 10.x.1.2.1 – An example of ETI feedback for UL data transmission based on TPC rate 750Hz
Link performance of Legacy R99 with TFCI based transmission and that of ET with “TFCI” and “TPC Rate 750Hz” are presented in Table 10.x.1.2.2 and Table 10.x.1.2.3, respectively. The Ec/No benefit for ET with “TFCI” and “TPC Rate 750Hz” against Legacy R99 with TFCI based transmission is summarized in Table 10.x.1.2.4. 

Table 10.x.1.2.2: Link Performance of Legacy R99 with TFCI based transmission

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-22.50
	-20.02
	0.0092
	0.0203

	PB3
	-22.95
	-20.41
	0.0100
	0.0219

	VA30
	-23.55
	-21.05
	0.0100
	0.0294

	VA120
	-23.40
	-20.88
	0.0098
	0.0372


Table 10.x.1.2.3: Link Performance of ET with “TFCI” and “TPC Rate 750Hz”

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-23.69
	-21.44
	0.0129
	0.0202

	PB3
	-24.24
	-22.09
	0.0100
	0.0223

	VA30
	-24.94
	-22.79
	0.0102
	0.0316

	VA120
	-24.99
	-22.82
	0.0097
	0.0421


Table 10.x.1.2.4: Link Performance of ET with “TFCI” and “TPC Rate 750Hz”

	
	PA3
	PB3
	VA30
	VA120

	Ec/No benefit (dB)
	1.42
	1.68
	1.74
	1.98


As seen in Table 10.x.1.2.4, the proposed ET scheme introduces 1.42dB to 1.98dB Ec/No gain depending on the fading channels.
10.x.1.3
UL Frame Early Termination Link Evaluation Results Based on “TFCI” and “Dynamic TPC Rate”
In this section, the simulation results for UL ET based on “TFCI” and “Dynamic TPC Rate” are presented. The simulation results of Legacy R99 based on “TFCI” are also presented for comparison. With “Dynamic TPC Rate”, TPC symbols are sent every slot in slot 0 ~ slot 12 and every two slots in slot 14 ~ slot 28. ETI feedback mask is defined as slot index [13:2:29]. The setting is shown in Table 10.x.1.3.1 and in Figure 10.x.1.3.1.

Table 10.x.1.3.1: TPC symbol mask and ETI feedback mask

	Legacy
	ET

	TPC symbol mask [0:1:29]
	ETI feedback mask [13:2:29]

TPC symbol mask [0:1:12]& [14:2:28]
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Figure 10.x.1.3.1 – An example of ETI feedback for UL data transmission based on dynamic TPC rate
Link performance of Legacy R99 with TFCI-based transmission and that of ET with “TFCI” and “Dynamic TPC Rate” are presented in Table 10.x.1.3.2 and Table 10.x.1.3.3, respectively. The Ec/No benefit for ET with “TFCI” and “Dynamic TPC Rate” against Legacy R99 with TFCI based transmission is summarized in Table 10.x.1.3.4. 

Table 10.x.1.3.2: Link Performance of Legacy R99 with TFCI based transmission

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-22.50
	-20.02
	0.0092
	0.0203

	PB3
	-22.95
	-20.41
	0.0100
	0.0219

	VA30
	-23.55
	-21.05
	0.0100
	0.0294

	VA120
	-23.40
	-20.88
	0.0098
	0.0372


Table 10.x.1.3.3: Link Performance of ET with “TFCI” and “Dynamic TPC Rate”

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-23.64
	-21.37
	0.0104
	0.0202

	PB3
	-24.24
	-22.02
	0.0099
	0.0237

	VA30
	-24.98
	-22.77
	0.0100
	0.0335

	VA120
	-24.89
	-22.79
	0.0098
	0.0423


Table 10.x.1.3.4: Link Performance of ET with “TFCI” and “Dynamic TPC Rate”

	
	PA3
	PB3
	VA30
	VA120

	Ec/No benefit (dB)
	1.35
	1.61
	1.72
	1.91


As seen in Table 10.x.1.3.4, the proposed ET scheme introduces 1.35dB to 1.91dB Ec/No gain depending on the fading channels.

10.x.1.4
UL Frame Early Termination Link Evaluation Results Based on “BTFD” and “TPC Rate 750Hz”
In this section, the simulation results for UL ET based on “BTFD” and “TPC Rate 750Hz” are presented. The simulation results of Legacy R99 based on “BTFD” are also presented for comparison. With “TPC Rate 750Hz”, TPC symbols are sent every two slots in slot 0 ~ slot 28. ETI feedback mask is defined as slot index [9:2:29]. The setting is shown in Table 10.x.1.4.1 and in Figure 10.x.1.4.1.

Table 10.x.1.4.1: TPC symbol mask and ETI feedback mask

	Legacy
	ET

	TPC symbol mask [0:1:29]
	ETI feedback mask [9:2:29]

TPC symbol mask [0:2:28]

Invalid ETI symbol mask [1:2:7]
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Figure 10.x.1.4.1 – An example of ETI feedback for UL data transmission based on TPC rate 750Hz
Link performance of Legacy R99 with BTFD based transmission and that of ET with “BTFD” and “TPC Rate 750Hz” are presented in Table 10.x.1.4.2 and Table 10.x.1.4.3, respectively. The Ec/No benefit for ET with “BTFD” and “TPC Rate 750Hz” against Legacy R99 with BTFD based transmission is summarized in Table 10.x.1.4.4. 
Table 10.x.1.4.2: Link Performance of Legacy R99 with BTFD based transmission

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-22.74
	-20.25
	0.0091
	0.0204

	PB3
	-23.55
	-21.05
	0.0097
	0.0222

	VA30
	-24.10
	-21.66
	0.0095
	0.0296

	VA120
	-24.00
	-21.48
	0.0094
	0.0370


Table 10.x.1.4.3: Link Performance of ET with “BTFD” and “TPC Rate 750Hz”

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-23.89
	-21.65
	0.0123
	0.0199

	PB3
	-24.84
	-22.62
	0.0097
	0.0219

	VA30
	-25.54
	-23.32
	0.0098
	0.0314

	VA120
	-25.59
	-23.42
	0.0095
	0.0399


Table 10.x.1.4.4: Link Performance of ET with “BTFD” and “TPC Rate 750Hz”

	
	PA3
	PB3
	VA30
	VA120

	Ec/No benefit (dB)
	1.40
	1.57
	1.66
	1.94


As seen in Table 10.x.1.4.4, the proposed ET scheme introduces 1.40dB to 1.94dB Ec/No gain depending on the fading channels.

10.x.1.5
UL Frame Early Termination Link Evaluation Results Based on “BTFD” and “Dynamic TPC Rate”
In this section, the simulation results for UL ET based on “BTFD” and “Dynamic TPC Rate” are presented. The simulation results of Legacy R99 based on “BTFD” are also presented for comparison. With “Dynamic TPC Rate”, TPC symbols are sent every slot in slot 0 ~ slot 8 and every two slots in slot 10 ~ slot 28. ETI feedback mask is defined as slot index [9:2:29]. The setting is shown in Table 10.x.1.5.1 and in Figure 10.x.1.5.1.

Table 10.x.1.5.1: TPC symbol mask and ETI feedback mask

	Legacy
	ET

	TPC symbol mask [0:1:29]
	ETI feedback mask [9:2:29]

TPC symbol mask [0:1:8]& [10:2:28]
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Figure 10.x.1.5.1 – An example of ETI feedback for UL data transmission based on dynamic TPC rate
Link performance of Legacy R99 with BTFD based transmission and that of ET with “BTFD” and “Dynamic TPC Rate” are presented in Table 10.x.1.5.2 and Table 10.x.1.5.3, respectively. The Ec/No benefit for ET with “BTFD” and “Dynamic TPC Rate” against Legacy R99 with BTFD based transmission is summarized in Table 10.x.1.5.4. 

Table 10.x.1.5.2: Link Performance of Legacy R99 with BTFD based transmission

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-22.74
	-20.25
	0.0091
	0.0204

	PB3
	-23.55
	-21.05
	0.0097
	0.0222

	VA30
	-24.10
	-21.66
	0.0095
	0.0296

	VA120
	-24.00
	-21.48
	0.0094
	0.0370


Table 10.x.1.5.3: Link Performance of ET with “BTFD” and “Dynamic TPC Rate”

	Channel Type
	Averaged Received Ecp/No of DPCCH (dB)
	Averaged Received Ec/No (dB)
	Averaged BLER
	Averaged TPC CER

	PA3
	-23.94
	-21.67
	0.0118
	0.0212

	PB3
	-24.79
	-22.62
	0.0097
	0.0226

	VA30
	-25.44
	-23.24
	0.0097
	0.0326

	VA120
	-25.44
	-23.32
	0.0096
	0.0408


Table 10.x.1.5.4: Link Performance of ET with “BTFD” and “Dynamic TPC Rate”

	
	PA3
	PB3
	VA30
	VA120

	Ec/No benefit (dB)
	1.42
	1.57
	1.58
	1.84


As seen in Table 10.x.1.5.4, the proposed ET scheme introduces 1.42dB to 1.84dB Ec/No gain depending on the fading channels.

10.x.1.6
Summary for UL Frame Early Termination Link Evaluation Results
The simulation results presented in Section 10.x.1.2 to Section 10.x.1.5 shows that ET provides about 1.4dB to 1.9dB Ec/No benefit. When Legacy R99 with BTFD-based transmission is compared with Legacy R99 with TFCI-based transmission, it is observed that BTFD-baesd transmission is about 0.5 dB better in terms of Ec/No performance. When “Dynamic TPC Rate” is compared to “TPC Rate 750Hz”, it is observed that “Dynamic TPC Rate” requires slightly more Ec/No but has better BLER convergence in PA3. To sum up, “BTFD” and “Dynamic TPC Rate” is suggested for the UL frame early termination.

10.x.2
DL Frame Early Termination
This section presents the simulation results of DL ET as described in Section 5.2.x. The common early termination related parameters are summarized in Section 10.x.2.1. Please be noted that only BTFD based transmission is evaluated since BTFD is more popular in the legacy DL system. 
Link level simulation results for different combination of DL slot formats (#8 or #17[3]) and TPC rates (750Hz or dynamic TPC) are presented in the following sections and are listed in Table 10.x.2.1. Slot Format #8 is evaluated since it is commonly used by the downlink DPCH for CS speech only services, while slot Format #17 is the new DL DPCH slot format proposed in [3]. Finally a conclusion is drawn in Section 10.x.2.6.
Table 10.x.2.1 – Different ET schemes under evaluation
	
	Slot Format
	TPC rate

	Section 10.x.2.2
	Slot Format #8
	750Hz

	Section 10.x.2.3
	Slot Format #8
	Dynamic

	Section 10.x.2.4
	Slot Format #17
	750Hz

	Section 10.x.2.5
	Slot Format #17
	Dynamic


Table 10.x.2.2 - DL DPCH Slot Format #8 and the proposed Slot Format #17
	Slot Format #i
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	8
	128
	40
	6
	28
	2
	0
	4
	15

	17
	128
	40
	6
	32
	2
	0
	0
	15


10.x.2.1
Common DL Frame Early Termination Simulation Assumption

ETI feedback error rate is assumed to be 0 for simplicity. As shown below, UE has no successful decoding until it collects data of slot 0~slot 14. According to the ETI feedback procedure, BS terminates DPDCH after slot 17.
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Figure 10.x.2.1.1 – An example of ETI feedback for DL data transmission
When DL and UL data transmission are both early terminated, DPCCH can be also terminated without much harm to system performance. Since UL is not simulated in DL performance simulation, the BS is assumed to be able to stop DPCCH transmission if the following two conditions are both satisfied: 

            1. BS terminates DPDCH transmission.

            2. The slot index is within 20~26.

Since UL data early termination starts before slot 20 with high probability, ET Gap is assumed to start after slot 20. Moreover, 3 slots are used for power control warm up so that transmission power can be updated at least once before entering the next TTI even for TPC rate 750Hz.
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Figure 10.x.2.1.2 – An example of ETI feedback for DL data transmission
Table 10.x.2.1.1 lists parameters specific to ET. Additional parameters are listed in Table 10.x.2.1.2.
Table 10.x.2.1.1 – ET related parameters
	Parameter
	Description

	ETI feedback mask
	Slot index [7:2:27]

	Early decoding attempt
	Slot index [6:2:26]

	ETI feedback error rate
	0%

	ET gap period
	Within slot 20~ slot 26

	CRC size
	16


Table 10.x.2.1.2 – some other parameters

	Parameter
	Description

	Speech codec
	AMR 12.2k

	TFCI or BTFD
	BTFD

	CE mechanism
	PWC

	CE average symbol length
	29 symbols


10.x.2.2
DL Frame Early Termination Link Evaluation Results with “Slot Format #8” and “TPC Rate 750Hz”
In this section, the simulation results for DL ET with “Slot Format #8” and “TPC Rate 750Hz” are presented. The simulation results of Legacy R99 with “Slot Format #8” are also presented for comparison. With “TPC Rate 750Hz”, TPC symbols are sent every two slots in slot 0 ~ slot 28. ETI feedback mask is defined as slot index [7:2:27]. The setting is shown in Table 10.x.2.2.1 and in Figure 10.x.2.2.1.

Table 10.x.2.2.1: TPC symbol mask and ETI feedback mask 

	Legacy
	ET

	TPC symbol mask [0:1:29]
	ETI feedback mask [7:2:27]

TPC symbol mask [0:2:28]

Invalid ETI symbol mask [1:2:5 29]
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Figure 10.x.2.2.1 – An example of ETI feedback for DL data transmission
Link performance of Legacy R99 with “Slot Format #8” and that of ET with “Slot Format #8” and “TPC Rate 750Hz” are presented in Figure 10.x.2.2.2 ~ Figure 10.x.2.2.7. DPCH Tx Ec/Ior performance is shown in Figure 10.x.2.2.2, BLER in Figure 10.x.2.2.3, and TPC CER in Figure 10.x.2.2.4 for single cell case.  DPCH Tx Ec/Ior performance is shown in Figure 10.x.2.2.5, BLER in Figure 10.x.2.2.6, and TPC CER in Figure 10.x.2.2.7 for two cells case. DPCH Tx Ec/Ior is averaged in linear domain for two cells. TPC CER is also averaged for two cells. The average Ec/Ior reduction gain for ET with “Slot Format #8” and “TPC Rate 750Hz” against Legacy R99 with “Slot Format #8” is summarized in Table 10.x.2.2.2. The reduction gain (in dB) is averaged over different geometry in dB domain. 
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Figure 10.x.2.2.2 DPCH Ec/Ior performance for single cell case
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Figure 10.x.2.2.3 DTCH BLER performance for single cell case
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Figure 10.x.2.2.4 TPC CER performance for single cell case

[image: image25.emf]-3 0 3

-22

-21

-20

-19

-18

-17

DPCH Ec/Ior Avg (dB)

hat Ior1/Ioc (dB)

PA3

-3 0 3

-21

-20

-19

-18

-17

DPCH Ec/Ior Avg (dB)

hat Ior1/Ioc (dB)

PB3

 

 

Legacy

ET:SlotFormat8+750Hz

-3 0 3

-22

-21

-20

-19

-18

-17

DPCH Ec/Ior Avg (dB)

hat Ior1/Ioc (dB)

VA30

-3 0 3

-20.5

-20

-19.5

-19

-18.5

-18

-17.5

DPCH Ec/Ior Avg (dB)

hat Ior1/Ioc (dB)

VA120


Figure 10.x.2.2.5 DPCH Ec/Ior performance for two cells case
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Figure 10.x.2.2.6 DTCH BLER performance for two cells case
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Figure 10.x.2.2.7 TPC CER performance for two cells case

Table 10.x.2.2.2: Average DPCH Tx Ec/Ior reduction gain for average over packet types

	
	
	PA3
	PB3
	VA30
	VA120

	Average DPCH Tx Ec/Ior reduction gain
	Single cell
	1.73
	1.73
	3.02
	2.29

	
	Two cells
	1.26
	1.32
	1.42
	1.06


It is observed 1.73dB ~ 3.02dB Ec/Ior benefit can be obtained in single cell and 1.06dB ~ 1.42dB Ec/Ior benefit in two cells by the proposed scheme. TPC CER of ET scheme is little larger than that of Legacy R99. This is because different scheme may have different operating Ec/Ior point. If truly fair comparison is concerned, TPC PO can be adjusted so that identical TPC CER is achieved. There is BLER convergence issue in PA3 channel of single cell case for both schemes. The DPCH Ec/Ior curves for two cells case are less smooth compared to those in single cell case. This is because there is power divergence issue in SHO. If power divergence issue is not handled, sometimes these two links have large power difference, and the SHO diversity benefit disappears. 
10.x.2.3
DL Frame Early Termination Link Evaluation Results with “Slot Format #8” and “Dynamic TPC Rate”
In this section, the simulation results for DL ET with “Slot Format #8” and “Dynamic TPC Rate” are provided. The simulation results of Legacy R99 with “Slot Format #8” are also provided for comparison. With “Dynamic TPC Rate”, TPC symbols are sent every slot among slot 0 ~ slot 6, every two slots among slot 8 ~ slot 28, and in slot 29. ETI feedback mask is defined as slot index [7:2:27]. The setting is shown in Table 10.x.2.3.1 and in Figure 10.x.2.3.1.
Table 10.x.2.3.1: TPC symbol mask and ETI feedback mask 

	Legacy
	ET

	TPC symbol mask [0:1:29]
	ETI feedback mask [7:2:27]

TPC symbol mask [0:1:6]& [8:2:28]&[29]
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Figure 10.x.2.3.1 – An example of ETI feedback for DL data transmission
Link performance of Legacy R99 with “Slot Format #8” and that of ET with “Slot Format #8” and “Dynamic TPC Rate” are presented in Figure 10.x.2.3.2 ~ Figure 10.x.2.3.7. DPCH Tx Ec/Ior performance is shown in Figure 10.x.2.3.2, BLER in Figure 10.x.2.3.3, and TPC CER in Figure 10.x.2.3.4 for single cell case.  DPCH Tx Ec/Ior performance is shown in Figure 10.x.2.3.5, BLER in Figure 10.x.2.3.6, and TPC CER in Figure 10.x.2.3.7 for two cells case. DPCH Tx Ec/Ior is averaged in linear domain for two cells. TPC CER is also averaged for two cells. The average Ec/Ior reduction gain for ET with “Slot Format #8” and “Dynamic TPC Rate” against Legacy R99 with “Slot Format #8” is summarized in Table 10.x.2.3.2. The reduction gain (in dB) is averaged over different geometry in dB domain. 
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Figure 10.x.2.3.2 DPCH Ec/Ior performance for single cell case
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Figure 10.x.2.3.3 DTCH BLER performance for single cell case
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Figure 10.x.2.3.4 TPC CER performance for single cell case
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Figure 10.x.2.3.5 DPCH Ec/Ior performance for two cells case
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Figure 10.x.2.3.6 DTCH BLER performance for two cells case
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Figure 10.x.2.3.7 TPC CER performance for two cells case
Table 10.x.2.3.2: Average DPCH Tx Ec/Ior reduction gain for average over packet types

	
	
	PA3
	PB3
	VA30
	VA120

	Average DPCH Tx Ec/Ior reduction gain
	Single cell
	1.65
	1.64
	2.60
	2.16

	
	Two cells
	1.31
	1.54
	1.52
	1.86


It is observed 1.64dB ~ 2.60dB Ec/Ior benefit can be obtained in single cell and 1.31dB ~ 1.86dB Ec/Ior benefit in two cells by the proposed scheme. Other phenomena are similar to those in Section 10.x.2.2.

10.x.2.4
DL Frame Early Termination Link Evaluation Results with “Slot Format #17” and “TPC Rate 750Hz”
In this section, the simulation results for DL ET with “Slot Format #17” and “TPC Rate 750Hz” are provided. The simulation results of Legacy R99 with “Slot Format #8” are also provided for comparison. With “TPC Rate 750Hz”, TPC symbols are sent every two slots in slot 0 ~ slot 28. ETI feedback mask is defined as slot index [7:2:27]. The setting is shown in Table 10.x.2.4.1 and in Figure 10.x.2.4.1.

Table 10.x.2.4.1: TPC symbol mask and ETI feedback mask 

	Legacy
	ET

	TPC symbol mask [0:1:29]
	ETI feedback mask [7:2:27]

TPC symbol mask [0:2:28]

Invalid ETI symbol mask [1:2:5 29]
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Figure 10.x.2.4.1 – An example of ETI feedback for DL data transmission
Link performance of Legacy R99 with “Slot Format #8” and that of ET with “Slot Format #17” and “TPC Rate 750Hz” are presented in Figure 10.x.2.4.2 ~ Figure 10.x.2.4.7. DPCH Tx Ec/Ior performance is shown in Figure 10.x.2.4.2, BLER in Figure 10.x.2.4.3, and TPC CER in Figure 10.x.2.4.4 for single cell case.  DPCH Tx Ec/Ior performance is shown in Figure 10.x.2.4.5, BLER in Figure 10.x.2.4.6, and TPC CER in Figure 10.x.2.4.7 for two cells case. DPCH Tx Ec/Ior is averaged in linear domain for two cells. TPC CER is also averaged for two cells. The average Ec/Ior reduction gain for ET with “Slot Format #17” and “TPC Rate 750Hz” against Legacy R99 with “Slot Format #8” is summarized in Table 10.x.2.4.2. The reduction gain (in dB) is averaged over different geometry in dB domain. 
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Figure 10.x.2.4.2 DPCH Ec/Ior performance for single cell case
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Figure 10.x.2.4.3 DTCH BLER performance for single cell case
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Figure 10.x.2.4.4 TPC CER performance for single cell case
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Figure 10.x.2.4.5 DPCH Ec/Ior performance for two cells case
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Figure 10.x.2.4.6 DTCH BLER performance for two cells case
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Figure 10.x.2.4.7 TPC CER performance for two cells case

Table 10.x.2.4.2: Average DPCH Tx Ec/Ior reduction gain for average over packet types

	
	
	PA3
	PB3
	VA30
	VA120

	Average DPCH Tx Ec/Ior reduction gain
	Single cell
	2.97
	3.01
	4.50
	3.71

	
	Two cells
	2.50
	2.63
	2.87
	2.59


It is observed 2.97dB ~ 4.50dB Ec/Ior benefit can be obtained in single cell and 2.50dB ~ 2.87dB Ec/Ior benefit in two cells by the proposed scheme. Other phenomena are similar to those in Section 10.x.2.2.

10.x.2.5
DL Frame Early Termination Link Evaluation Results with “Slot Format #17” and “Dynamic TPC Rate”
In this section, the simulation results for DL ET with “Slot Format #17” and “Dynamic TPC Rate” are provided. The simulation results of Legacy R99 with “Slot Format #8” are also provided for comparison. With “Dynamic TPC Rate”, TPC symbols are sent every slot among slot 0 ~ slot 6, every two slots among slot 8 ~ slot 28, and in slot 29. ETI feedback mask is defined as slot index [7:2:27]. The setting is shown in Table 10.x.2.5.1 and in Figure 10.x.2.5.1.

Table 10.x.2.5.1: TPC symbol mask and ETI feedback mask 

	Legacy
	ET

	TPC symbol mask [0:1:29]
	ETI feedback mask [7:2:27]

TPC symbol mask [0:1:6]& [8:2:28]&[29]
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Figure 10.x.2.5.1 – An example of ETI feedback for DL data transmission
Link performance of Legacy R99 with “Slot Format #8” and that of ET with “Slot Format #17” and “Dynamic TPC Rate” are presented in Figure 10.x.2.5.2 ~ Figure 10.x.2.5.7. DPCH Tx Ec/Ior performance is shown in Figure 10.x.2.5.2, BLER in Figure 10.x.2.5.3, and TPC CER in Figure 10.x.2.5.4 for single cell case.  DPCH Tx Ec/Ior performance is shown in Figure 10.x.2.5.5, BLER in Figure 10.x.2.5.6, and TPC CER in Figure 10.x.2.5.7 for two cells case. DPCH Tx Ec/Ior is averaged in linear domain for two cells. TPC CER is also averaged for two cells. The average Ec/Ior reduction gain for ET with “Slot Format #17” and “Dynamic TPC Rate” against Legacy R99 with “Slot Format #8” is summarized in Table 10.x.2.5.2. The reduction gain (in dB) is averaged over different geometry in dB domain. 
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Figure 10.x.2.5.2 DPCH Ec/Ior performance for single cell case
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Figure 10.x.2.5.3 DTCH BLER performance for single cell case

[image: image45.emf]0 3 6 9 12

10

-2

10

-1

10

0

TPC CER

hat Ior1/Ioc (dB)

PA3

0 3 6 9 12

10

-2

10

-1

10

0

TPC CER

hat Ior1/Ioc (dB)

PB3

 

 

Legacy

ET:SlotFormat17+DynamicTPC

0 3 6 9 12

10

-2

10

-1

10

0

TPC CER

hat Ior1/Ioc (dB)

VA30

0 3 6 9 12

10

-2

10

-1

10

0

TPC CER

hat Ior1/Ioc (dB)

VA120


Figure 10.x.2.5.4 TPC CER performance for single cell case
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Figure 10.x.2.5.5 DPCH Ec/Ior performance for two cells case
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Figure 10.x.2.5.6 DTCH BLER performance for two cells case
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Figure 10.x.2.5.7 TPC CER performance for two cells case
Table 10.x.2.5.2: Average DPCH Tx Ec/Ior reduction gain for average over packet types

	
	
	PA3
	PB3
	VA30
	VA120

	Average DPCH Tx Ec/Ior reduction gain
	Single cell
	2.86
	2.93
	4.08
	3.50

	
	Two cells
	2.47
	2.67
	2.79
	2.64


It is observed 2.86dB ~ 4.08dB Ec/Ior benefit can be obtained in single cell and 2.47dB ~ 2.79dB Ec/Ior benefit in two cells by the proposed scheme. Other phenomena are similar to those in Section 10.x.2.2.

10.x.2.6
Summary for DL Frame Early Termination Link Evaluation Results

The above simulation results show that “Slot Format #17” outperforms “Slot Format #8” in terms of Ec/Ior, and “Dynamic TPC Rate” outperforms “TPC Rate 750Hz” in terms of BLER in PA3. Therefore, “Slot Format #17” and “Dynamic TPC Rate” is suggested for the DL frame early termination.

--------------------------------------------------------- End of text proposal 2-----------------------------------------------------------
3
Conclusions

Proposal: It is proposed to approve and capture the proposed text in the TR for DCH Enhancement for UMTS SI.
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