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1	Introduction
DCH enhancements considered under DCH Enhancement Work Item [1] comprise several sub-features. This contribution reviews the constituent sub-features so far proposed for DCH enhancements, and further proposes configuration options and UE capabilities required for such configurations.
2	An overview of DCH Enhancement sub-features
DCH Enhancements constitutes a number of sub-features as listed in Table 1.  Some of these sub-features depend on others and some do not. For example, DL FET requires UL DPCCH with ACK for the NodeB to decipher the UL ACK, but pilot-free DL slot format can be considered an independent sub-feature.  A question of interest is then how do these sub-features depend on each other and what UE capabilities are needed.
Table 1: An overview of DCH enhancement sub-features
	Sub-Feature
	Description

	DL FET
	NodeB capable of reading new UL DPCCH to decode the UL ACK and terminate DL transmission

	UL DPDCH  dynamic 10ms Transmission

	Dynamically using 10ms or 20ms transmission for UL DPDCH transmission at physical layer

	UL DPCCH with ACK
	New UL DPCCH structure where TFCI is sent over the first 10 slots and ACK/NACK replaces TFCI fields in subsequent DPCCH slots.

	Pilot-free DL DPCH slot format
	Removing dedicated pilots from DL DPCCH

	Pseudo-flex rate matching
	Overriding DCCH RM attribute with 0 when DCCH does not carry data

	Class A,B,C Concatenation
	Concatenating Class A,B,C transport channels into one transport channel in DL

	DL early BLER target
	Using an early slot to target an early BLER to improve DL decoding time and UE gating opportunity



3	Dependencies
Table 2 shows dependencies between sub-features by listing possible options for each sub-feature together with other sub-features resulting in a configuration of merit. Each column in this table shows a valid combination of sub-features. For example, it is clear from this table that DL FET requires UL DPCCH with ACK. On the other hand, pseudo-flexible rate-matching or downlink pilot-free slot formats can be enabled or disabled without requiring other sub-features.  
Table 2: Configuration options and dependencies between sub-features
	Sub-feature
	Configuration Options

	
	Configuration 1
	Configuration 2
	Configuration 3
	Configuration 4

	DL FET
	Enabled
	Enabled
	Disabled
	Disabled

	UL DPDCH  dynamic 10ms transmission

	Enabled
	Disabled
	Enabled
	Disabled

	UL DPCCH
	New
	New
	New/Old
	New/Old

	Pilot-free DL slot format
	Enabled/Disabled
	Enabled/Disabled
	Enabled/Disabled
	Enabled/Disabled

	Pseudo-flex rate matching
	Enabled/Disabled
	Enabled/Disabled
	Enabled/Disabled
	Enabled/Disabled

	Class A,B,C Concatenation
	Enabled
	Enabled
	Enabled/Disabled
	Disabled

	DL early BLER target
	Disabled/Enabled
	Disabled/Enabled
	Disabled/Enabled
	Disabled



4	UE Capabilities and Network Configurations
As Table 2 shows, a myriad of options are possible depending on the configuration of sub-features the UE and network support.  Some of these combinations provide a better trade off between implementation complexity and gain, and it would be desirable to limit the UE capability and network configurations to support only a handful among the most useful configurations. Table 3 shows two configurations of sub-features to provide a basic capability and a full capability for DCH enhancement.  

Table 3: UE Capabilities
	Sub-feature
	Basic capability
	Full capability

	DL FET
	Disabled
	Enabled

	UL DPDCH  dynamic 10ms Transmission

	Enabled
	Enabled

	UL DPCCH
	Old R99
	New with ACK

	Pilot-free DL slot format
	Enabled
	Enabled

	Pseudo-flex rate matching
	Enabled
	Enabled

	Class A,B,C Concatenation
	Enabled
	Enabled

	DL early BLER target
	Enabled
	Enabled



4.1	Basic UE capability and network configuration
The basic capability allows the UE to decode the DL transport block and finish UL transmission faster to gate its transceiver and improve battery life.  Concatenation of class A,B,C bits and a suitable early DL BLER target allows the UE to decode the DL transport block sooner.  On the other hand, dynamic 10ms transmission allows the UE to complete UL transmission faster.   The basic capability allows for significant battery saving and to a lesser extent, link efficiency gains at a relatively small implementation complexity. 
For example, the network can configure an early BLER target of 1% error rate at slot 20.  Using an early BLER target at slot 20 allows the UE to decode the DL frame 10 slots earlier. The hit on link efficiency due to early BLER target is in part compensated through more efficient pseudo-flexible rate matching and pilot-free slot format. Together with UL dynamic 10ms transmission, UE can gate its transceiver early and benefit from battery life savings. 
The network may, on the other hand, use a less aggressive BLER target, for example 1% at slot 25, and achieve some degree of link efficiency gains . The mechanism that achieves this link efficiency is through more efficient rate matching and use of pilot-free slot formats.  This link efficiency improvement is in addition of roughly 15% reduction of UE transceiver activity, which correspondingly results in battery savings.
For this basic configuration, the network does not need to be capable of reading new UL DPCCH and decode the ACK message, nor is it necessary for the NodeB to gate DL. Thus, it can be argued that the implementation cost to enable the basic capability configuration is rather low and can be achieved with software-only modifications.
Proposal 1:  The network signals an early DL BLER target and an early BLER target slot to the UE, in addition to overall BLER target, to control how fast the UE can decode the DL transport block.
Proposal 2:  A basic UE capability and network configuration is provisioned for DCH enhancements where only UL DPDCH dynamic 10ms transmission, DL class A,B,C concatenation, pilot-free slot format, pseudo-flexible rate matching, and early BLER target sub-features are required. 
4.2	Full UE capability and network configuration
All the sub-features are utilized to take full benefits under the full UE capability and network configuration.  With this capability, UE may also send an ACK message back when DL transport block decodes successfully and gate UE transceiver after completing UL transmission.  In this mode, DL FET sub-feature and UL DPCCH with ACK are used  in addition to the sub-features supported in the basic capability to support the full-fledged feature.  This allows the UE to take most benefit from battery savings and DL link-efficiency improvement.
Proposal 3:  A full UE capability and network configuration is provisioned for DCH enhancements where all the sub-features in addition to basic capability are supported to provide full benefit of DCH enhancements.
Aside from basic capability configuration and full capability configuration, there is little incentive from link efficiency or battery improvement perspective to provision other configurations of sub-features. 
Proposal 4:  The only two network configurations and UE capabilities to be used for DCH enhancements are the basic UE capability and network configuration, and full UE capability and network configuration.
5	Conclusions
An overview of DCH enhancements sub-features was discussed and dependencies between sub-features were outlined.  A basic UE capability and network configuration where UL DPDCH dynamic 10ms transmission, DL class A,B,C concatenation, and early BLER target along with pseudo-flexible rate matching and pilot-free slot formats are required was discussed. Basic configuration allows for substantial opportunity for UE transceiver gating and improved battery performance and some degree of link efficiency for DCH operation. In addition, a full capability where all the DCH enhancement sub-features are supported allows for benefiting from the full set of DCH enhancements. These two configurations capture the majority of potential benefits from DCH enhancements and leave not much incentive for other configurations. The following proposals summarize these conclusions. 
Proposal 1:  The network signals an early DL BLER target and an early BLER target slot to the UE, in addition to overall BLER target, to control how fast the UE can decode the DL transport block.
Proposal 2:  A basic UE capability and network configuration is provisioned for DCH enhancements where  only UL DPDCH dynamic 10ms transmission, DL class A,B,C concatenation, pilot-free slot format, pseudo-flexible rate matching, and early BLER target sub-features are required.
Proposal 3:  A full UE capability and network configuration is provisioned for DCH enhancements where all the sub-features in addition to basic capability are supported to provide full benefit of DCH enhancements.
Proposal 4:  The only two network configurations and UE capabilities to be used for DCH enhancements are the basic UE capability and network configuration, and full UE capability and network configuration.
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