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1 Introduction 
In the recent releases 3GPP has focused on enhancing the efficiency of high speed channels leading to significant network data capacity gain. It is also widely beneficial for operators to enhance the link efficiency of DCH for certain services leading to a further improvement in network data capacity. 
According to [1], it has the following objectives

· Investigate mechanisms to enhance the efficiency of the dedicated channel, for example

· removal of DL dedicated pilot bits

· introduction of frame early termination schemes on both UL and DL

· optimization of power control mechanism
· optimization of soft handover mechanism to facilitate the early termination schemes.

· Investigate mechanisms to enhance the UE power consumption efficiency and system capacity improvements of the dedicated channel, for example 

· Time division multiplexing of multiple users on a single channelization code 

· DL DCH DRX and UL DCH DTX 

· Interaction of the frame early termination schemes with other power savings enabling features such as CPC in a multi-RAB call

· Identify the specification and implementation impacts affecting UE and UTRAN
This contribution presents some mechanisms to enhance the efficiency of the dedicated channel, the UE power consumption efficiency and system capacity improvements of the dedicated channel.

2 New Uplink DPCCH Frame/Slot Structure for Downlink Frame Early Termination
The scheme of downlink frame early termination (FET) is illustrated in Figure 1. The UE attempts to decode the CS voice packet carried via DPDCH before receiving the two entire radio frames which is the TTI length for voice service. If decoded successfully during any attempts the UE will indicate an ACK to the NodeB. The NodeB will then terminate the DPDCH transmission after receiving the ACK indication and will resume the DPDCH transmission in the next coming TTI. 
The DL FET scheme will help save the NodeB power consumption due to DTX data transmission upon ACK indication. The UE power consumption could also be saved thanks to DRX operation. Statistically the inter-channel interference is reduced thus improve the system capacity.
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Figure 1: Frame Early Termination in Downlink
To support the DL FET, a new mechanism for UE to feedback the ACK indication is to be investigated. One possible way is to introduce a new uplink DPCCH frame / slot structure. Different slot formats are to be considered for the first several slots and the remaining slots within a 20ms TTI. For example, a new uplink DPCCH frame structure is depicted in Figure 2. In this example, the TFCI information is transmitted in the first 7 slots while ACK/NACK indication is transmitted in the remaining slots of the TTI. 
Reduce the original TFCI bit number from 10 bits to 7 bits, considering that the realistic service uses 127 transport format combinations at most now; then change the TFCI coding from (32,10) to (20,7), keep the DPCCH spreading factor as SF256 and change the DPCCH slot format ‘Pilot, TFCI, FBI, TPC’ from [6 2 0 2] to [5 3 0 2], which means 5 bits for the pilot, the TFCI 3 bits, no FBI bit, the TPC 2bits of each slot. So it’s possible to transmit 21 bits encoded TFCI information in 7 slots. 
In the NodeB side, once collecting all the TFCI information, it will try to decode the uplink voice frame. And using the following few slots to feedback the result of uplink Frame Early Termination. 
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Figure 2: New uplink DPCCH frame structure with Frame Early Termination
The ACK/NACK encoding for the feedback of downlink Frame Early Termination is in Table 1.
Table 1: ACK/NACK encoding
	ACK
	[1 1 1]

	NACK
	[0 0 0]


TFCI is coded using a (20, 7) code which is the same with the type B CQI of MIMO in [3]. The code words of the (20, 7) code are a linear combination of the basis sequences denoted Mi,n defined in the Table 2 for
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The TFCI information bits a0, a1, a2, a3, a4, a5, a6 (where a0 is LSB and a6 is MSB) 
The output code word bits bi are given by: 
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Where i = 0, …, 19.

Table 2: Basis sequences for (20, 7) TFCI code
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	6
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1

	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	8
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1

	9
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1

	10
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	11
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0

	12
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0

	13
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0

	14
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1

	15
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0

	16
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1

	17
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1

	18
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0

	19
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


The new uplink DPCCH frame / slot structure not only takes full advantage of the TFCI field of uplink DPCCH, do not need to add new channel for feedback the result of downlink Frame Early Termination and raise UE transmit power, but also reduces the attempt times of Node B early frame decoding and save the decoding resource.
Proposal 1:
 The new uplink DPCCH frame structure based on the Frame Early Termination should be studied.
3 Time Division Multiple Access for DCH UEs
3.1 TDMA with high-order modulation
For the same amount of data, high-order modulation will help shorten the transmission time. So it’s possible to use time division multiple access for multiple users with a high-order modulation. Time Division Multiple Access naturally avoids the interference of multi-user at different time and improves the system capacity.
For example, the uplink DCH adopts QPSK, the downlink DCH adopts 16QAM, and the system users can be divided into two groups for Time Division Multiple Access (the 20ms TTI voice packet could be transmitted in 10ms), thus the number of users which interference each other will reduce. The total capacity of the system will improve drastically.

It’s also possible to adopt 16QAM for the uplink DCH and 64QAM for downlink DCH. In this case, the 20ms TTI voice data may be transmitted in some sub-frame, thus the TFCI coding also need to compress to sub-frame level.

Proposal 2:
High-order modulation with Time Division Multiple Access for downlink and uplink DCH should be studied.
3.2 TDMA with reduce DCH spreading factor
Propose to reduce the uplink DCH spreading factor, reduce each user’s data transmission time in a TTI and stagger each user’s transmission time. Realize multi-user Time Division Multiple Access to some extent. Time Division Multiple Access reduces the number of transmission data users at the same time. Thus avoid the interference of the users at different time and improve the system capacity. 
It is possible to reduce the DCH spreading factor for the downlink and uplink. Thus the downlink can realize code channel multiplexing and solve the problem of limitation of the downlink code resource.

For example, the DCH spreading factor halves, thus the system users can be divided into two groups for Time Division Multiple Access, the transmission time of DPDCH and DPCCH almost halve. Though the DPDCH spreading factor reduce half, the interference of the system will reduce substantially in the case of the same number of users.
The EbN0 which the UE need for transmission almost are invariant, but the transmission time become halve maybe the system capacity will improve substantially. (e.g., the 20ms TTI voice data will be transmitted in 10ms).

If the spreading factor become quarter or one eighth of former spreading factor, the system capacity will improve further, in this case, the 20ms TTI voice data may be transmitted in some sub-frame, thus the TFCI coding also need to compress to sub-frame level.
Proposal 3:
Reduce the DCH spreading factor with Time Division Multiple Access should be studied.
4 Conclusion 
In this contribution we introduce some solutions of DCH enhancements for UMTS, in addition to these, it’s possible to adopt more advanced rake receiver at Node B and UE. It will improve the system capacity undoubtedly. For example, if adopts IRC (Interference Rejection Combining) or smart antenna technology at Node B, it will restrain some interference. Another opinion is adopting MIMO and Time Division Multiple Access at the same time for taking full advantage of the channel characters, the system capacity also would be improved.
Based on our analysis we propose the following:
Proposal 1:   The new uplink DPCCH frame structure based on the Frame Early Termination should be studied. 

Proposal 2:
High-order modulation with Time Division Multiple Access for downlink and uplink DCH should be studied. 

Proposal 3:
Reduce the DCH spreading factor with Time Division Multiple Access should be studied.
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