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1 Introduction

In RAN#23 plenary meeting the work item on “FDD Enhanced Uplink” was approved [1] based on the outcome and recommendations of the study item “Uplink Enhancements for Dedicated Transport Channels”. The technical objective of this work item is the Enhanced Uplink functionality in UTRA FDD to improve the performance of uplink dedicated transport channels by adopting the features NodeB controlled scheduling, HARQ and shorter TTI.
To cover the E-DCH functionality a new MAC entity, denoted as MAC-e, has been introduced to the Rel99/4/5 MAC sublayer on UE and UTRAN side. In this contribution two basic approaches to the design of the E-DCH MAC architecture on UE and UTRAN side are presented. Due to the early stage of the new work item the presented MAC architectures are based on the E-DCH configuration options which can be identified so far from [2] and which are subject to further discussions. Thus, the purpose of this contribution is to start the discussion on the future E-DCH MAC design and to illustrate the potential interactions between the MAC-d and MAC-e entities. In section 2 the E-DCH configuration options are summarized. In section 3 two basic approaches to the E-DCH MAC architecture are described.
2 E-DCH configuration options
In table 1 the E-DCH configuration options are summarized that can be identified so far from [2].
Table 1: E-DCH configuration options
	Issue
	Parameter
	Options

	RLC 
	Transmission mode
	UM, AM

	MAC
	#TrCH
	single, multiple

	
	TTI
	2ms, 10ms
static, semi-static

	PHY
	#CCTrCH
	1, 2

	
	Support of soft handover
	Yes, No

	NodeB controlled scheduling
	Scheduling strategies
	· Rate scheduling by fast TFCS restriction control
· Time and rate scheduling
· Rate scheduling by persistence control

	HARQ
	Scheme
	N-channel Stop&Wait
Asynchronous, synchronous

	
	Soft combining scheme
	Chase combining, Full IR, Partial IR

	
	Location of reordering entity and final ACK/NACK decision
	· In each NodeB in Active Set

· In SRNC


According to table 1 two basic approaches to the E-DCH MAC architecture can be identified:
1. Multiplexing of DCH and E-DCH on same CCTrCH,
2. Multiplexing of DCH and E-DCH on separate CCTrCHs.
These two approaches are described in section 3 in more detail.
3 E-DCH MAC architecture
3.1
Approach 1: Multiplexing of DCH and E-DCH on same CCTrCH
The first approach is based on the following assumptions:
· Only one CCTrCH is applied,
· Support of multiple E-DCHs and MAC multiplexing of several logical channels into one E-DCH,
· Scheduling in MAC-d entity is carried out jointly for DCHs and E-DCHs based on 10ms radio frame.
UE side MAC architecture:
Fig. 1 depicts the UE side MAC-d entity. Compared to the Rel99/4/5 MAC-d entity the scheduling functionality establishes the connection to the MAC-e entity. Furthermore, the associated UL/DL signaling to carry out TFC selection include the allowed set of uplink TFCs signaled by NodeB as well as the set of uplink TFCs requested by UE.
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Fig. 1: UE side MAC-d architecture 
Fig. 2 depicts the UE side MAC-e entity. The MAC-e entity is comprised of two functional entities. In case of E-DCH TTI of 2ms the “E-DCH subframe distribution” functionality is required, so that E-DCH and DCH bits can be properly time-multiplexed by PHY either using “place holder bits” or “SF reduction” as described in [2]. There is one HARQ entity each for one E-DCH. The associated UL/DL signaling to carry out HARQ functionality include the ACK/NACK transmission in DL as well as the transmission of HARQ process identifier and New data indicator (NDI) in UL. 
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Fig. 2: UE side MAC-e architecture

UTRAN side MAC architecture:
In Fig. 3 the UTRAN side MAC-e entity is depicted. There is one MAC-e entity for each UE that supports E-DCH functionality. The MAC-e entity is comprised of three functional entities. The “TFC Control” functionality carries out the control of the allowed set of uplink TFCs by evaluating transport blocks received on both DCHs and E-DCHs. Each “HARQ entity” handles the HARQ functionality for one E-DCH and each “Reordering entity” manages the in-sequence delivery of received MAC-e PDUs on this E-DCH. Depending on the support of HARQ operation in soft handover the MAC-e entity is located either solely in NodeB or separated between NodeB and SRNC. Details on HARQ operation in soft handover are subject to further discussions and out of scope of this contribution.
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Fig. 3: UTRAN side MAC-e architecture
3.2
Approach 2: Multiplexing of DCH and E-DCH on separate CCTrCHs
The second approach is based on the following assumptions:
· Two CCTrCHs are applied,
· Support of multiple E-DCHs and MAC multiplexing of several logical channels into one E-DCH,

· Scheduling for DCHs and E-DCHs are carried out separately,
· E-DCH and DCH bits can be code-multiplexed as described in [2]. 
UE side MAC architecture:

Fig. 4 depicts the UE side MAC-d entity. Compared to the Rel99/4/5 MAC-d entity there is no major impact.
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Fig. 4: UE side MAC-d architecture 

Fig. 5 depicts the UE side MAC-e entity. The MAC-e entity is comprised of two functional entities. There is one scheduling entity to carry out TFC selection whereby both E-DCH TTI lengths of 2ms and 10ms are to be supported. For the HARQ entity and the associated UL/DL signaling the same applies as described for Fig. 2.  
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Fig. 5: UE side MAC-e architecture

UTRAN side MAC architecture:
In Fig. 6 the UTRAN side MAC-e entity is depicted. It is similar to Fig. 3 with the exception that the “TFC Control” functionality in Fig. 6 carries out the control of the allowed set of uplink TFCs by evaluating transport blocks received on E-DCHs only.

[image: image6.emf]DCH DCH E-DCH E-DCH

To MAC-d

MAC-e

Associated

UL/DL Signalling

HARQ HARQ

Reordering Reordering

TFC Control


Fig. 6: UTRAN side MAC-e architecture

3 Summary
As starting point for the discussion on the future E-DCH MAC design two basic approaches to the E-DCH MAC architecture on UE and UTRAN side have been presented in this contribution. The presented MAC architectures are based on the E-DCH configuration options which can be identified so far from [2] and which are subject to further discussions.
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