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1
Introduction

A new study item “DCH Enhancements for UMTS” was approved in TSG-RAN#58 [1] and RAN1 is the leadership of this SI. This contribution proposes an efficient way of DPCH frame early termination, which allows the receiver to decode the transmitted codeword earlier before receiving the entire codeword, so that the transmitter can terminate the transmission earlier and the overall transmit power consumption can be reduced. 

2
Early Termination
2.1
The concept of 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.

2.2
The encoding procedure of DL early termination
An example of modified encoding procedure for CS links to facilitate early termination is illustrated in Figure 1, with details of each block being described in the following subsections.
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Figure 1 – Block diagram of DL encoding procedure
2.2.1
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 1.
Table 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.

2.2.2
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 [2]. 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. 
2.2.3
Channel coding
The R99 convolutional code is reused for the modified encoding chain.
2.2.4
Rate matching and interleaving
Rate matching and interleaving mechanisms are modified and are illustrated in Figure 2. 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), 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.
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Figure 2 – Rate matching and interleaving
2.2.5
Physical channel mapping
This follows the original R99 procedure including modulation and spreading.

2.2.6
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 optimized transmit power control rate [3] is used, the spare TPC bits can be used for conveying the ETI. Figure 3 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.

[image: image3.png]1TTI=20ms = 30slots ThenextTTl
15slots =10ms 15slots =10ms

BS

. NACK
slotindex
12 345678 910

0 20 21 22 23 24 25 26 27 28 29

17 18 19
T IT
[T

UE

ACK: positive ETI

Decodingattempt 1 2 3 4 5 6 NACK - negative ETI




Figure 3 – Early termination example

There are several advantages when the proposed early termination mechanism works with the optimized transmit power control rate as proposed in [3]. 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 in case the optimized DPCH slot format [2] is used so that there is no wasted power.
2.2.7
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.

2.3
The performance of DL early termination
Extensive simulations have been done to verify the performance of the early termination mechanism. Figure 4 shows some representative results which compare the required downlink Ec/Ior of the early termination mechanism (abbrv. ET) with that of the legacy system (abbrv. R99) over various fading channels. AMR fixed rate 12.2k voice traffic is used for performance evaluation and ETI feedback is assumed perfect. 1500Hz TPC rate is used for both schemes. As seen, early termination can give about 1dB downlink power reduction gain compared with the legacy system. 
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Figure 4 – Averaged required DL DPCH Ec/Ior

Observation 1: Early termination can reduce downlink transmit power consumption.
2.4
The encoding procedure of UL early termination
The encoding procedure for UL early termination is similar to that for DL early termination. Please be noted that the physical channel mapping is different between UL and DL by nature. To simplify the encoding procedure, fixed SF32 is suggested for UL DPDCH.
2.5
The performance of UL early termination
Figure 5 shows the simulation results of required uplink transmit power in terms of DPCH Ec/No. The simulation settings are identical to the downlink DPCH Ec/Ior presented in the previous section, except for that different spreading factors are also simulated here. Here “R99(64)” means the legacy R99 system with minimum SF=64. For early termination, three fixed spreading factors (SF64, SF32, and SF16) are simulated and are abbreviated as ET(64), ET(32) and ET(16) respectively in Figure 5. 
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Figure 5 – Averaged required UL DPCH Ec/No

As seen in Figure 5, early termination with SF16 gives the best Ec/No performance, while early termination with SF32 performs a little bit worse. However, considering UL code resource and possible large multipath delay, early termination with SF32 is a preferable solution for the uplink direction, and in this case the transmit power reduction gain is more than 1dB.
Observation 2: Early termination can reduce uplink transmit power consumption.
3
Conclusions

Observation 1: Early termination can reduce downlink transmit power consumption.
Observation 2: Early termination can reduce uplink transmit power consumption.
Proposal: It is proposed that RAN1 discuss and simulate the performance of early termination for both downlink and uplink directions, and capture the results and conclusion in the corresponding TR.
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