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1. Introduction

After the sessions on Long-Term Evolution at the RAN2 Ad-Hoc in June 2005 and RAN2#48 meetings, some common aspects for an evolved UTRAN architecture have emerged, recommending the simplification and the reduction of the number of Transport Channels and of RRC States.

This paper analyses the RAN2 requirements for Channels in order to propose, in conjunction with simplified RRC States, a new architecture for Logical & Transport Channels.

This type of fundamental review is important in order to avoid being constrained by existing preconceptions as we move from a basically CS system to a system optimised for packet-switching.

2. Analysis of Channels and States

In order to build a complete picture of the requirements for the Logical & Transport Channels we will analyse from first principles the requirements for the flow of data of different types from the Upper Layers down to the Physical Layer.

In this discussion, no mention of RLC and/or MAC functions is made from either an UTRAN or an E-UTRAN perspective, as the detailed discussion on the changes to be brought to RLC and/or MAC functionality is out of the scope of this document.

For practical purposes however, the following mapping of Logical/Transport/Physical Channels to UTRAN RLC & MAC layers can be assumed, irrespective of whether these entities will still exist in their current form & functionality in the E-UTRAN:

· Logical Channels – in the RLC: data transfer service of specific types of information from/to the Upper Layers to/from the MAC

· Transport Channels – in the MAC: mapping to/from Layer 1 parameters and provision of data transfer service for Logical Channels to/from Physical Channels

· Physical Channels: data transfer service of Transport Channels over the air interface

2.1 Terminology

2.1.1 Information transferred in the E-UTRAN

For ease of use throughout this paper, we will introduce a simple terminology to refer to the different types of information transferred between the various layers from the Upper Layers of the E-UTRAN to the Physical layer.

We will therefore split the different types of information into the following 2 categories, each of which is further sub-divided:

· System type of data:

· System Information - downlink

· Paging Information - downlink

· Notification Information – downlink

· User & service control type of data:

· Dedicated Service – i.e. unicast with one UE, downlink or uplink

· Common Service – i.e. broadcast to all UEs, downlink

· Multicast Service – i.e. multicast with a group of UEs, downlink

2.1.2 RRC States for the E-UTRAN

When looking at the type of information being transferred through the layers and over the air interface, it is useful to refer simultaneously to a diagram of the different states that correspond to the different configurations when the information transfer will occur.

We have adopted in this paper the following new model for the RRC states and transitions in a simplified E-UTRAN perspective, with a nomenclature adapted from the requirements in [1], and in line with the requirements developed from discussions in RAN2 [2], [3], [4], [5], [6] and in joint meetings with RAN3 and SA2 [7]: Detached mode, Idle mode and Connected mode, with 2 MAC sub-states (Active or Dormant) for the Connected mode. 

Each state can be briefly described as follows: 

· Detached: corresponds to the mode when a UE is switched off or not operating on the current RAT system
· Idle: corresponds approximately to the current UTRAN Idle Mode, when the UE performs PLMN selection, cell selection and reselection, and reads at least some of the System Information

· 2 Connected mode MAC sub-states:

· Active: corresponds approximately to the current UTRAN CELL_DCH state

· Dormant: corresponds to a battery saving mode when the UE receives Paging as well as performing cell reselection, and reads at least some of the System Information
These states are represented in figure 1 below. 
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Figure 1 – Simplified RRC States in the E-UTRAN

Among the requirements [1] associated with the simplified RRC States are significantly reduced latency or transition times:

· less than 100ms for a transition between Idle and Connected/MAC Active states

· less than 50ms for a transition between MAC Dormant and MAC Active sub-states

2.2 A Review of Logical & Transport Channels

In order to establish an appropriate set of channels, we have reviewed a number of characteristics relating to the different types of Information & Data Services transferred and to the types of channels carrying those Information and Data Services.

First, as an illustration, we provide in Figure 2 a diagram representing a simplified view of the mapping between Information & Data Services from the Upper Layers, Logical Channels and Transport Channels in the current UTRAN.
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Figure 2 – Current mapping of Information & Data Services, Logical Channels & Transport Channels

Table 1 below lists the names and some of the characteristics used to create the mapping in Figure 2.


Table 1 – Types and characteristics of Information & Data Services, Logical Channels & Transport Channels in the current UTRAN

The list and mapping have intentionally been kept simple in order to provide an easy overview of the architecture and links between channels in the current UTRAN implementation.

This exercise is useful to highlight the following key points: 

· All system type of data (System Information, Paging Information, Notification Information) are downlink broadcast services from Upper Layers mapped to respective Logical and Control Channels 

· All user & service control type of data (Dedicated, Common, MBMS) are split into 2 Logical Channels, for separate control & traffic routing, which are both carried over the same Transport Channel; the Common & MBMS services from the Upper Layers are downlink broadcast & multicast services mapped to respective Logical and Control Channels, while the Dedicated Service is both a downlink & uplink service mapped to either bi-directional or unidirectional channels 

From this somewhat elementary description we can make the simple observation that some channels perform similar functions for different services, such as FACH carrying both control channels CCCH & MCCH and traffic channels CTCH & MTCH for broadcast and/or multicast: in an attempt to simplify and reduce the number and mapping of channels, it could be envisaged to combine e.g. Common & MBMS services from the Upper Layers to be carried by the same Logical Channels as well, if such an arrangement does not impair the normal mode of operation and/or improves the overall functionality.

A simpler view of the required functional architecture and channel mapping can be gained from similar observations on other channels & characteristics: this is the study we have carried out in order to form a proposal for a simpler channel mapping for the E-UTRAN.

For a more complete analysis of System Information & User Services, Logical Channels & Transport Channels for the E-UTRAN, we have considered a number of other features and parameters as an extension of the ones listed in Table 1: the results from this analysis are listed in Table 2 below, which links to an electronically attached spreadsheet.
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Table 2 – Analysis of Information & Data Services, Logical Channels & Transport types and characteristics
In Table 2 we have also listed the following characteristics, in the perspective of the requirements on the architecture and functionality for Long-Term Evolution:

· Logical Channel characteristics:

· RRC states & transitions: considering in which state the UE is or needs to be when the information/service is transferred

· Transport Channel characteristics

· scheduling: considering whether provision for resource scheduling of a Logical Channel is required on a Transport Channel

· Physical channel characteristics

· power: continuous, DTX/DRX: considering whether the UE is in continuous or discontinuous reception/transmission mode, from a battery consumption point of view

· cell selection/cell reselection, mobility/handover: considering which functions the UE and the network are expected to perform

· macro-diversity: considering whether this feature is relevant for the particular channel

· Current Transport Channels & RRC States: listing the Transport Channels & RRC States that are currently associated with the information/service type and channels considered

· Notes: providing some clarifying comments

It should be noted that this table, included in its first version here, is not an exhaustive list of all of features & parameters associated with all channels: it is simply an overview of some fundamental characteristics, which are used to extract observations on key commonalities between channels.

In the following part we use the results of Table 2 to build a simpler channel architecture and mapping for the E-UTRAN.

3. Proposal for a new Architecture for Logical & Transport Channels

3.1 Requirements

A number of general requirements for channels and states in the E-UTRAN have already been agreed, both in [1] and during the RAN2 Ad-Hoc Meeting on Long-Term Evolution in June 2005 [2], and have provided the framework for architectural proposal in RAN2#48.

We will summarise these requirements here, as they are useful indicators of our interpretation of the results of Table 2.

3.1.1 RRC States

As it has already been mentioned at the beginning of this paper, we have adopted the nomenclature of [1] for the description of new RRC states: Active, Dormant and Idle, following these requirements:

· Fewer states, and state transitions, for a reduction of complexity

· Faster state transitions/reduced latency

The need to improve UE battery/power consumption, especially in active state, is also linked to the requirements for new RRC States.

Further consideration should also be given to whether DL and UL connections can be in different states at any given time e.g. to be in the Dormant state for the DL while in Active state for the UL or vice-versa.

3.1.2 Logical Channels

It has been generally agreed that the number of Logical Channels should be reduced in order to reduce the complexity.

3.1.3 Transport Channels

It has also been generally agreed that the number of Transport Channels should be reduced in order to reduce the complexity.

There is also a large consensus that shared transport channels should be used, instead of dedicated ones, in support of the requirement to optimise the system for the support of packet-based [i.e. IP-based] services.

Another point to consider is then the scheduling mechanisms required in order to manage the shared channels.

3.1.4 The case for MBMS

It seems likely that the similar features between common channels/services and MBMS would allow a combination of both, with common and MBMS related channels  (CCCH & MCCH, CTCH & MTCH) being in effect merged.

This unification could be accompanied by further simplification of the MBMS control and scheduling mechanisms.

3.2 Proposal for the E-UTRAN

From a review of Table 2 in the context of the requirements expressed earlier, we have selected some common features for the different Information/Service types, the different RRC States and the different Channels characteristics, and used these to combine some Logical Channels and Transport Channels and modify the DL & UL mappings between Logical Channels and Transport Channels accordingly.

This has resulted in 2 models, which we propose as new mappings of Information & Data Services, Logical Channels & Transport Channels, as shown on diagrams Option 1 & Option 2 in the next 2 pages.

Details of the proposals are given below, with differences highlighted between Option 1 and Option 2 when they exist. They are also summarized at the bottom of Table 2, as Options for E-UTRAN.

3.2.1 System Information

We propose to keep the System Information flow as it is now from the Upper Layers through a single Logical Channel, a single Transport Channel & a single Physical Channel, with a straight mapping of new RRC states to current one.

3.2.2 Paging & Notification Information

As DL broadcast that are received in DRX mode, we are proposing to keep Paging & Notification Information as a unified separate Logical Channel, but to map them to the Transport Channel currently known as FACH, i.e. combine them with Common Services transmitted on FACH.

We call the new Transport Channel PNFACH for Paging, Notification & Forward Access Channel [including Notification for MBMS].

As a result, the PNFACH will carry broadcast data in both continuous and/or DRX mode: this could result in a delay reduction by removing the need for channel switching between Paging & Common Services as they are received on the same channel.

The corresponding physical channel could be adaptable for optimal performance for Paging for example.

3.2.3 Common & MBMS Service

We are proposing to merge the Common & MBMS services from the level of the Data Services provided from the Upper Layers, and propagate the changes throughout the Logical & Transport Channels, in view of the general agreements on this unification.

As a result:

· From a Logical Channel standpoint:

· The Common Control Channel (CCCH) are merged with the MBMS Control Channel (MCCH): we have retained the name CCCH for the new Logical Channel

· The Common Traffic Channel (CTCH) are merged with the MBMS Traffic Channel (MTCH): we have retained the name CTCH for the new Logical Channel

· From a Transport Channel standpoint:

· The Common & MBMS services flow is still carried by FACH, which as explained in 3.2.2 as been merged with PCH to form the PNFACH

All data broadcast is now sent together with MBMS multicast broadcast.

3.2.4 Dedicated Service

To target the replacement of Dedicated Channels with Shared Channels, we propose to keep the flow for Dedicated Service from the Upper Layers down to the Logical Channels (DCCH for control and DTCH for Traffic), but to modify the Transport Channels to carry Shared Services, with resources scheduled and managed by the new MAC in the E-UTRAN.

As a further note, these Dedicated Channels may be used to carry:

· traffic data and its associated control data for bidirectional services

· control data for uplink contention access requests

We propose 2 options for these:

· Option1:

· The Dedicated Service Logical Channels are mapped onto a new bi-directional DSCH (Dedicated Shared channel – i.e. carrying dedicated services using a shared pool of radio resources) Transport Channel, in replacement of DCH/HS-DSCH/E-DCH

· UL contention-based access from the UE is done by RACH, as in the current UTRAN architecture

· Option2:

· The Dedicated Service Logical Channels are mapped onto two uni-directional channels for DL and UL: DSCH (DL Shared channel) Transport Channel and USCH (UL Shared channel) Transport Channel in replacement of DCH/HS-DSCH/E-DCH

· As a result, it would be possible to have either a DL or UL Dedicated Service connection – or both

· As a further possibility, the RACH could be removed and UL contention-based access from the UE could be replaced by performing access requests on the new USCH


Figure 3 - Option 1 for new mapping of Information & Data Services, Logical Channels & Transport Channels

Figure 4 - Option 2 for new mapping of Information & Data Services, Logical Channels & Transport Channels

4. Conclusions

In this paper we have gathered requirements and analysed the features of information & services data transfer in order to build a simpler overview of the channel architecture needed in the context of Long-Term Evolution.
From this analysis we have made three proposals for a functional mapping of Logical, Transport and Physical channels and RRC states for the E-UTRAN, for further discussion and to select option 1 as a basis for further work.
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				type of data		direction		RRC states & transitions						type of channel		scheduling		type of channel		power: continuous, DTX/DRX		cell selection/cell reselection, mobility/handover		macro-diversity,

								MAC active (connected)		MAC dormant (connected)		idle

		System Information		broadcast		DL						x		system (carrying BCCH)				common		DRX		PLMN selection, cell selection, UE triggered/network controlled handover		?		BCH/Idle

				broadcast		DL				x				system (carrying BCCH)				common		DRX		cell reselection, UE triggered/network controlled handover		?		BCH/URA_PCH, CELL_PCH

				broadcast		DL		x						system (carrying BCCH)				common		continuous		cell reselection, network triggered &  controlled  handover		?		BCH/CELL_FACH, CELL_DCH

		Paging		broadcast		DL						x		paging (carrying PCCH)				common		DRX						PCH/Idle		reading of system information

				broadcast		DL				x				paging (carrying PCCH)				common		DRX						PCH/CELL_PCH, URA_PCH		trigger cell update procedure, reading of system information, release RRC connection

		Notification		broadcast		DL						x		notification (carrying PCCH)				common		DRX				?		Idle

				broadcast		DL				x				notification (carrying PCCH)				common		DRX				?		URA_PCH, CELL_PCH

				broadcast		DL		x						notification (carrying PCCH)				common		DRX				?		CELL_FACH, CELL_DCH

				unicast		UL				x		x		signalling (request)				common		DTX						RACH/Idle, CELL_PCH, URA_PCH		UE initiates transition to active for access/setup; UE access to resources is via contention access

		Dedicated Service		unicast		DL		x						control (carrying DCCH)		x		shared		continuous		network triggered &  controlled handover		?		DCH/CELL_DCH		possibility for DRX during inactivity phase; UE access to resources is via assigned channel (addressing through signalling)

						DL		x						traffic (carrying DTCH)		x		shared		continuous		network triggered &  controlled handover		?		DCH/CELL_DCH

						UL		x						control (carrying DCCH)		x		shared		continuous		network triggered &  controlled handover		?		DCH/CELL_DCH		possibility for DTX during inactivity phase

						UL		x						traffic (carrying DTCH)		x		shared		continuous		network triggered &  controlled handover		?		DCH/CELL_DCH

		Common Service		broadcast		DL		x						control  (carrying CCCH)				common		continuous		network triggered &  controlled handover		x		FACH/CELL_FACH		UE access to DL resources is via common channel (in-band addressing)

						DL		x						traffic (carrying CTCH)				common		continuous		network triggered &  controlled handover		x		FACH/CELL_FACH

						UL		x						control (carrying CCCH)				common		DTX						RACH/CELL_FACH		UE access to resources is via contention access

						UL		x						traffic (carrying CTCH)				common		DTX						RACH/CELL_FACH

		MBMS		multicast		DL		x		x		x		control (carrying MCCH)		x		common		continuous		network triggered &  controlled handover		x		FACH/CELL_FACH

						DL		x		x		x		traffic (carrying MTCH)		x		common		continuous		network triggered &  controlled handover		x		FACH/CELL_FACH

		Options for E-UTRAN																								New transport channels & RRC states

		System Information		broadcast		DL		x		x		x		system				common		DRX + continuous						BCH, in Idle (DRX), Connected/Dormant (DRX) or Connected/Active (continuous) states, for system information

		Paging, Notification, Common Service		broadcast		DL		x		x		x		paging + notification + common data				common		DRX + continuous						Paging, Notification & Forward Access channel PNFACH replacing PCH & FACH, in Idle (DRX), Connected/Dormant (DRX) or Connected/Active (continuous) states, for paging, notification and DL common data

		Notification		unicast		UL				x		x		signalling (request)				common		DTX						option 1: RACH, in Idle (DRX), Connected/Dormant (DRX) or Connected/Active (continuous) states, for UL signalling and data		option 2: replace RACH by contention/access request in USCH

		Dedicated Service		unicast		DL		x						control + traffic				shared		continuous or DRX						option 1: DSCH i.e. Dedicated Shared Channel, common for DL & UL, in Active state, for scheduled DL unicast control & traffic; possibility for DRX during inactivity phase		option 2: DSCH for DL (Dedicated) Shared Channel, separate from USCH; possibility for DRX during inactivity phase

		Dedicated Service		unicast		UL		x						control + traffic				shared		continuous or DTX						option 1: DSCH i.e. Dedicated Shared Channel, common for DL & UL, in Connected/Active (continuous) state, for scheduled UL unicast control & traffic; possibility for DTX during inactivity phase		option 2: USCH for UL (Dedicated) Shared Channel, separate from DSCH, with access request in replacement of RACH; possibility for DRX during inactivity phase

		MBMS		multicast/broadcast		DL		x		x		x		control + traffic				common		continuous or DRX						PNFACH, in Idle (DRX), Connected/Dormant (DRX) or Connected/Active state, for MBMS services
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