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1
Introduction
In RAN#61, a work-item on DCH Enhancements was approved [1] based on the conclusions of the TR [2] from the study item. This contribution updates the status of potential changes and the resulting impacts to RAN3 specifications, following a similar paper in RAN3#83bis [4] and an LS received from RAN1 on this topic [5]. In addition, an LS has also been received from RAN2 [6]. Finally, some agreements have recently been made in the RAN1 reflector and these are also used in this document.
2
DCH Enhancement Aspects
In general, the DCH Enhancements work item targets both battery savings and capacity improvements for voice transmission over DCH. Both uplink and downlink aspects have been considered. Although the design is not yet completed in RAN1, it is possible to use the existing agreements in order to initiate a reasonable estimation of the required support in RAN3 specifications.
For simplicity, the changes are classed and presented below depending on whether they are aimed at improving downlink or uplink. Note that some uplink feature changes are necessary for DL performance improvements.
2.1
Downlink Enhancements

The points listed below are taken from RAN1 agreements (including the LS in [5]):

· New pilot-free DL DPCH slot formats are defined (#17 and #18, see [5]).
· The Class A, B and C bits (AMR) will be concatenated in the DL.
· Voice shall use 20ms TTI on downlink for DCH Enhancements.
· Pseudo-flexible rate matching is used. 

· Pseudo-flexible RM is defined [5] as using fixed-positions RM with RM attribute that could vary across TTIs for any TrCh with TTI equal to the maximum TTI among all TrChs in the CCTrCh. For each of these TrChs, the RM attribute is set to zero whenever no transport block is delivered on that TrCh.

· A different power offset PO2’ is applied during DL DCCH transmissions [5]. 

· There will be support for DL Frame Early Termination (DL-FET). 
· This is realized by having a new UL DPCCH structure that includes acknowledgments following “early decoding” of a DL frame. In the first slots of a 20ms TTI, the UL DPCCH consists of pilot, TPC and TFCI, and later, the TFCI bits are replaced with ACK/NACK-symbols. The Node B may stop transmission for all Transport Channels on receiving an ACK.
Some Open Aspects with RAN3 implications:
· Details of concatenation of class A,B,C (e.g. at what level this is done) – note RAN2’s preference for this to be done in the physical layer [6]

· Precise definition of the new UL-DPCCH structure 
· Possible power boost for ACK power levels in uplink
2.2
Uplink Enhancements

The point below is taken from RAN1 agreements (including the LS in [5]):

· Transmission mode switching: UE decides on using 10ms TTI or 20ms TTI prior to transmission of new TTI based on a threshold on UPH (UE power headroom). UE signals choice of TTI to NodeB via TFCI information. 
· In a 20ms speech frame that contains only DTCH transport blocks, a TTI of 10 ms is used to send the DPDCH transport blocks in the first 10ms radio frame, and DPDCH is DTXed in the second radio frame [5].
· UE based adaptation between 10 and 20 ms transmission mode using MAC/Phy layer is used. The parameterization gives the RNC the possibility to configure the UE to always use 10 or 20 ms mode [5].

· MSB of the TFCI is used to indicate whether 10ms or 20ms transmission mode is used in the TTI.
3
RAN3 Impacts

3.1
Cell Capability

As already pointed out in [3], the Cell Capability Container may be used to provide indication of cell support for DCH Enhancement features. There are two general approaches to NodeB capability definition that could be followed:

Option 1: define a separate capability for each independent sub-feature (no matter whether likely or unlikely to be used in isolation).

Option 2: bundle sub-features into logical capability sets.
At RAN3#83bis, it was decided in principle to focus on option 2 and also to try to align with equivalent UE capabilities. In [4], it was proposed to define a “basic capability” that would provide useful gains with limited implementation impact, and a “full capability” that would include all the sub-features Recently, a proposal on these same lines was agreed on the RAN3 reflector. Hence,
Proposal 1: Define two capabilities (basic/full) related to DCH Enhancements, using the Cell Capability Container IE.
This aspect is captured in the accompanying proposed baseline CRs [7, 8], subject to confirmation as well as definition (which may require a reference to another specification).
For information, the bundling approach recently approved in the RAN1 reflector is captured in an Appendix. Based on this, a possible mapping to NodeB capability would be as follows (where the underlined items impact RAN3 signalling)
DCH-Enhancements basic capability

•
UL Transmission Mode switching, DL Pseudo-flex Rate Matching, DL Pilot-less slot formats,  DL early BLER target, Use of PO2’, Reception of new Uplink DPCCH format without handling ACK/NACK information, Possible DTX of DL DPCH in some slots
DCH-Enhancements full capability

•
All of basic capability plus DLEarly Termination, and associated capability to make use of ACK information in the UL DPCCH, and ,Class A,B,C concatenation
3.2
Radio Link Configuration Parameters

The following table shows the details of likely NBAP/RNSAP impacts related to features
	Uplink aspects
	Explanation
	RAN3 Signalling Impact

	UL TTI mode switching
	In TFCs for which mode switching is allowed, physical layer may use shorter TTI configuration value and blank the rest of the TTI. MSB of TFCI indicates mode (10ms with every other frame DTXed, or 20ms without DTX).
Note that the TFCI’s for 10ms transmission mode are derived by the NodeB and do not need to be signalled. 
	Indicate that 10ms mode transmission is in operation. Can be done using a global flag.  (in baseline CR) 

	UL DPCCH/DPDCH gain values
	In TFCs for which mode switching is used, different sets of gains may be applied
	For explicit signalling a new set of beta gains would need to be defined per TFC (which apply to the 10ms mode). 

For reference signalling, the existing process can be reused. (in baseline CR)

	Switching aspects for UL TTI mode switching
	UE-based, RNC-controlled switching mechanism. Both the events and their use may be set up via RRC signalling.
	None (assumed)

	UL DPCCH slot format
	Needed to support new mapping of symbols (i.e., ACKs of DL-FET)
	Follow 25.211, may simply need to extend numbering, or add a separate indication. FFS.


	Downlink aspects
	Explanation
	RAN3 Signalling Impact

	New DL DPCH slot format
	New slot formats without pilot symbols
	Extend slot formats to include #17 and #18 (in baseline CR)

	New power offset PO2’
	Similar to PO2, to be used when DL DCCH is transmitted.
	Add to configuration  (in baseline CR)

	Pseudo-flex Rate Matching
	In a TTI when the DCCH is absent, its rate matching attribute is considered to be zero.
	Add a Pseudo-Flex RM IE, note that this may be global and not per-TrCh as the conditions of use are expected to be fully defined in RAN1 (in baseline CR)

	DL FET operation
	The NodeB may make use of ACK/NACK information sent by the UE in the UL DPCCH, and terminate transmission of a TTI when an ACK is received; without early termination, the NodeB may DTX transmission of DL DPCH in the second 10ms radio frame in every 20ms if NodeB identifies the UE is 10ms transmission mode
	Add a two valued indicator e.g. 

value 0 = NodeB may DTX DL DPCH in some slots; 

value 1 = in addition ACK/NACK information may be used for early termination (in baseline CR). 

	Concatenation of class A, B,C
	If RAN2 preference is followed [6], NodeB will need to concatenate three (two) voice TrChs into a single one (within physical layer processing)
	Add a concatenation indicator which would include the IDs for the TrChs to be concatenated. This operator could be conditional to the value of the DL FET operation IE ( in baseline CR)


The above flags and parameters are specific to AMR operation with “DCH Enhancements”, and should ideally be separated from other IEs to avoid conflicts or misconfigurations. Hence, it is proposed to create a DCH Enhancements Information IE to collect context-level parameters and flags. For example, this IE should contain the flags related to UL mode switching, Pseudo-flex RM, DL FET Operation and A/B/C concatenation.
Proposal 2: Add a DCH Enhancements Information IE to the RADIO LINK SETUP REQUEST message, and a DCH Enhancements Information Reconf IE to the RADIO LINK RECONFIGURATION PREPARE and RADIO LINK RECONFIGURATION REQUEST
.
Finally it would be desirable to create such a configuration in way that mirrors the capability split, bundling the use of features in a logical manner. For example, there is little gain in turning on individual features within the “basic capability” as they have been designed to operate in tandem. Hence,
Proposal 3: Design the configuration in the DCH Enhancements Information IE following the bundling approach for the capabilities.
4
Conclusions

This document has summarized the proposed changes as a result of the DCH Enhancements Work Item, and its projected impacts on RAN3 specifications. The main proposals are highlighted below:
Proposal 1: Define two capabilities (basic/full) related to DCH Enhancements, using the Cell Capability Container IE.
Proposal 2: Add a DCH Enhancements Information IE to the RADIO LINK SETUP REQUEST message, and a DCH Enhancements Information Reconf IE to the RADIO LINK RECONFIGURATION PREPARE and RADIO LINK RECONFIGURATION REQUEST.
Proposal 3: Design the configuration in the DCH Enhancements Information IE following the bundling approach for the capabilities.
Baseline CRs are provided to enable initial discussion of the implementation [7, 8].
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Appendix: Description of Basic UE Capability

For information, the below is taken from the description of the option recently approved in the RAN1 email discussion.

Option 3a:  Allow for a basic UE capability that relies on a DL early BLER target together with dynamic selection of 10ms transmission mode in UL.  In this mode,

· NodeB operation:

· DL DPCH uses 20ms TTI for DTCH and 40ms TTI for DCCH.

· DL DPCH uses pilot-free slot format and pseudo-flexible rate matching to free up more bits.

· In every 20ms period, NodeB determines if UL is in 10ms transmission mode or in 20ms transmission mode by decoding UL TFCI. 

· NodeB may DTX transmission of DL DPCH in the second 10ms radio frame in every 20ms if NodeB identifies the UE is 10ms transmission mode.

· NodeB continues transmission of DL DPCH if NodeB identifies that the UE is in 20ms transmission mode

· UE operation:

· UE OLPC adjusts DL DPCH SIR Target so that the success rate of decoding DL DPCH at slot 15 converges to the DL BLER target.

· For each TTI, UE decides whether it should use 10ms transmission mode or 20ms.

· UE uses the corresponding TFCI value to indicate UL transmission mode (10ms or 20ms) to the NodeB for each 20ms period.

· UE uses new UL DPCCH and the values of ACK/NACK fields shall be unspecified.

The UE needs to support the following sub-features in the basic capability:

1.     Pilot-free slot format

2.     Pseudo-flexible rate matching

3.     UL Dynamic 10ms/20ms TTI switching, 

· New UL DPCCH with ACK/NACK values unspecified and TFCI mapping to indicate UL 10ms or 20ms transmission mode

4.     DL early BLER target of 1% at slot 15.

� The DCH Enhancements Information IE may need to be added to other messages/procedures, since the DCH enhancements operation may need to be initated under different circumstances (e.g. RAB release). This aspect is FFS.





