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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

With enhancements such as HSDPA and Enhanced Uplink, the 3GPP radio-access technology will remain highly competitive for several years to come. However, to ensure competitiveness in an even longer time frame, the long-term evolution of the 3GPP radio-access technology is under study. Important parts of such a long-term evolution include reduced latency, higher user data rates, optimised support for packet services, improved system capacity and coverage, and reduced cost for the operator, while also reducing system complexity. In order to achieve this, evolutions of the radio interface as well as the radio network architecture are considered in the study item “Evolved UTRA and UTRAN” [1]. This document covers the Radio Interface Protocol Aspects of the study item.
1
Scope

The purpose of this TR is to help TSG RAN WG2 to define and describe the radio interface protocol evolution under consideration for Evolved UTRA and UTRAN [1]. This activity involves the Radio Access Network work area of the 3GPP studies for evolution and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems. This document is intended to gather the agreements rather than comparing different solutions. 
NOTE:
this document is a living document, i.e. it is permanently updated and presented to TSG-RAN meetings.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
TD RP-040461: “Proposed Study Item on Evolved UTRA and UTRAN”.
[2]
3GPP TR 21.905: “Vocabulary for 3GPP Specifications”. 

[3]
3GPP TR 25.913: “Requirements for Evolved UTRA and UTRAN”.

[4]
3GPP TR 25.912; “Feasibility Study for Evolved UTRA and UTRAN”.
[5]
3GPP TR 25.814: “Physical Layer Aspects for Evolved UTRA”.
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

<defined term>: <definition>.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

ARQ
Automatic Repeat Request

AS
Access Stratum

CN
Core Network

DL
Downlink

HARQ
Hybrid Automatic Repeat Request

HO
Handover

L1
Layer 1 (physical layer)

L2
Layer 2 (data link layer)

L3
Layer 3 (network layer)

MAC
Medium Access Control 

NAS
Non-Access Stratum

PDCP
Packet Data Convergence Protocol

PDU
Protocol Data Unit

RLC
Radio Link Control

RRC
Radio Resource Control

SDU
Service Data Unit

TCH
Traffic Channel

UE
User Equipment

UL
Uplink

UMTS
Universal Mobile Telecommunications System

UTRA
UMTS Terrestrial Radio Access

UTRAN
UMTS Terrestrial Radio Access Network

Other abbreviations used in the present document are listed in 3GPP TR 21.905 [2].

4
Objectives and requirements
Simplification of the UTRAN protocol architecture and actual protocols is expected.
Note:
This section will list the objectives and requirements that are relevant for the Radio Interface Protocol work (from 25.913 and from contributions) e.g. less complexity, simplified measurement procedure... If needed we can split the objective and requirements into the complexity related ones and performance related ones.
4.1
Complexity

A key requirement of E-UTRAN is to maintain the complexity at a reasonable level. In this respect the following assumptions apply:

-
The number of transport channels will be reduced, by making use of shared channels. 
-
Dedicated transport channels are not supported by E-UTRAN. 
-
The number of different MAC-entities will be reduced (MAC-d not needed in the absence of dedicated transport channels). 
-
Segmentation/Re-assembly function is agreed to be no longer needed on RLC.

-
The BMC layer and the CTCH are not needed i.e. All data broadcast will be on MBMS and on e.g. MTCH.

-
There is no SHO in the downlink (as currently supported for Rel-6 dedicated channels) for the shared channel, in case of unicast transmissions. Note: This does not preclude the potential support of other schemes such as fast cell selection, bi-casting, "softer HO" (L1 combining) for intra-site cases, etc.

-
Compressed mode should not be supported. If some transmission/reception gaps for measurement purpose have to be provided to the UE (exact need/case to be defined), this will be based on scheduling gaps.

-
Only one receiver structure will be assumed for defining the measurements and their requirements.
-
RRC should be simplified by e.g. reducing the number of RRC states. Removal of CELL_FACH is agreed.

Note:
From R2-051759: reduce complexity when no longer applicable (compressed mode, functions linked to CS Domain e.g. 2 Domains and RLC TM mode); less RRC states; less Transport channels types; no DCH; avoid tool-box; avoid duplication Iur mobility and Relocation; unify CTCH and MTCH; measurement procedure should be simplified/optimized; improve battery consumption in active state. MAC architecture should be simplified.
4.2
Performance

Note:
From R2-051759: U-Plane Latency < 5msec; C-Plane Latency < 100msec (from Inactive to Active); optimisation of User Plane for high bit rates; hide breaks from application; shorter transitions (state transitions, handover within UTRA?); support “always-on” efficiently.
5
Protocol architecture
Note:
This section will describe the protocol architecture in a similar fashion as in 25.301.
5.1
Overall protocol architecture
Note:
This section will capture the overall protocol architecture e.g. as proposed in R2-051760
5.1.1
User plane
Figure 5.1.2 below shows the user-plane protocol stack for E-UTRAN. The following working assumptions apply:

-
A MAC-layer above the physical layer exists.
-
Existence of a separate RLC entity is open

-
PDCP is agreed to exist also in the future; however the exact functionalities that it will support need to be revisited.
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Figure 5.1.1: User-plane protocol stack
Note:
From R2-051759: Location of RLC function in a central node (RLC separate) or in the Node-B (RLC separate or merged with MAC)? BMC layer replaced by MBMS, no SABP.
5.1.2
Control plane

Figure 5.1.2 below shows the control-plane protocol stack for E-UTRAN. The following working assumptions apply:

-
MAC same as in user plane;

-
Existence of a separate RLC entity is FFS;

-
simplified RRC. 
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Figure 5.1.2: Control-plane protocol stack
Note:
From R2-051759: where is RRC located, in a central node or in the Node-B? Does the cell (or Node-B) specific RRM reside in the Node-B? Split between Central node and Node-B?
5.2
Layer 1
Note:
This section will summarize the Layer 1 in terms of services, functions and transport channels offered to Layer 2 (input from WG1 and 25.814).
5.2.1
Services and functions

The physical layer offers information transfer services to MAC and higher layers. The physical layer transport services are described by how and with what characteristics data are transferred over the radio interface. An adequate term for this is “Transport Channel”.

NOTE:
This should be clearly separated from the classification of what is transported, which relates to the concept of logical channels at MAC layer.

5.2.2
Transport channels

Downlink transport channel types are:

1.
Broadcast Channel (BCH) characterised by:

-
low fixed bit rate;

-
requirement to be broadcast in the entire coverage area of the cell.

2.
Downlink Shared Channel (DL-SCH) characterised by:
-
possibility to use HARQ;

-
possibility of applying link adaptation by varying the modulation, coding and transmit power;
-
possibility to be broadcast in the entire cell;
-
possibility to use beamforming;
-
dynamic or semi-static resource allocation; (Note: new attribute, FFS on whether there would be two types of DL-SCH)

-
possibility of CQI reporting; (Note: new attribute, FFS on whether there would be two types of DL-SCH)
-
support of UE power saving. (Note: “association with a physical layer signal, the Page Indicator, to support efficient sleep mode procedures” in current 25.302)

NOTE:
the possibility to use slow power control depends on the physical layer.
It is FFS whether a separate Paging Channel would exist or if additional attributes would be added to the SCH. If a separate Paging Channel is included, the following characteristics apply:

3.
Paging (and Notification) Channel (P(N)CH) characterised by:
-
support of UE power saving; (note: “association with a physical layer signal, the Page Indicator, to support efficient sleep mode procedures” in current 25.302)
-
requirement to be broadcast in the entire coverage area of the cell.

It is FFS whether a separate Multicast Channel (MCH) would exist or if additional attributes will be added to the SCH.
Uplink transport channel types are:
1.
Uplink Shared channel (UL-SCH) characterised by:

-
possibility to use beamforming; (likely no impact on specifications)
-
possibility of applying link adaptation by varying the transmit power and potentially modulation and coding;
-
possibility to use HARQ;

-
dynamic or semi-static resource allocation; (Note: new attribute, FFS on whether there would be two types of UL-SCH)

-
possibility of CQI reporting. (Note: new attribute, FFS on whether there would be two types of UL-SCH)
NOTE:
the possibility to use uplink synchronisation and timing advance depend on the physical layer.
It is FFS, whether a Random Access Channel is included. If yes, it would be characterised by the following attributes:

2.
Random Access Channel(s) (RACH) characterised by:

-
limited data field;

-
collision risk;
-
possibility to use HARQ.
NOTE:
the possibility to use open loop power control depends on the physical layer solution.
5.3
Layer 2

Note:
This section will give a high level description of the Layer 2 sub-layers (one by one) in terms of services and functions.
5.3.1
MAC

The MAC layer provides data transfer services on logical channels. A set of logical channel types is defined for different kinds of data transfer services as offered by MAC. Each logical channel type is defined by what type of information is transferred.

A general classification of logical channels is into two groups:

-
Control Channels (for the transfer of control plane information);

-
Traffic Channels (for the transfer of user plane information).

5.3.1.1.1
Control Channels

Control channels are used for transfer of control plane information only. The control channels offered by MAC are:
-
Broadcast Control Channel (BCCH)


A downlink channel for broadcasting system control information.

-
Paging (and Notification) Control Channel (P(N)CCH)


A downlink channel that transfers paging information (and also notifications for MBMS FFS). This channel is used when the network does not know the location cell of the UE.

-
Common Control Channel (CCCH)


FFS: this channel is used by the UEs having no RRC connection with the network (need is FFS depending on whether the access mechanism is contained in L1. If RACH is visible as a transport channel, CCCH would be used by the UEs when accessing a new cell or after cell reselection).
-
Multicast Control Channel (MCCH)


FFS whether it is distinct from CCCH: a point-to-multipoint downlink channel used for transmitting MBMS scheduling and control information from the network to the UE, for one or several MTCHs. After establishing RRC connection this channel is only used by UEs that receive MBMS. (Note: old MCCH+MSCH).
-
Dedicated Control Channel (DCCH)


A point-to-point bi-directional channel that transmits dedicated control information between a UE and the network. Used by UEs having an RRC connection.
5.3.1.1.2
Traffic Channels

Traffic channels are used for the transfer of user plane information only. The traffic channels offered by MAC are:
-
Dedicated Traffic Channel (DTCH)


A Dedicated Traffic Channel (DTCH) is a point-to-point channel, dedicated to one UE, for the transfer of user information. A DTCH can exist in both uplink and downlink.

-
Multicast Traffic Channel (MTCH)


A point-to-multipoint downlink channel for transmitting traffic data from the network to the UE. (Note: includes Rel 6/7 MTCH)
5.3.1.2
Mapping between logical channels and transport channels

5.3.1.2.1
Mapping in Uplink

In Uplink, the following connections between logical channels and transport channels exist:

-
CCCH can be mapped to RACH; (FFS if access procedure is not contained within L1)

-
CCCH can be mapped to Uplink SCH; (FFS: if just a transient (random) ID is assigned for the resource request, the actual e.g. RRC Connection Request message has still to contain a UE identifier and therefore such message is considered to be a CCCH message, even if it’s transported on the UL_SCH. Also the UE is not in connected mode so far)
-
DCCH can be mapped to RACH; (FFS)

-
DCCH can be mapped to Uplink SCH;
-
DTCH can be mapped to Uplink SCH.
5.3.1.2.2
Mapping in Downlink

In Downlink, the following connections between logical channels and transport channels exist:

-
BCCH can be mapped to BCH;

-
PCCH can be mapped to PCH; (FFS if a separate PCH exists)

-
PCCH can be mapped to Downlink SCH; (FFS if a separate PCH does not exist)
-
CCCH can be mapped to Downlink SCH;

-
DCCH can be mapped to Downlink SCH;
-
DTCH can be mapped to Downlink SCH;

-
MTCH can be mapped to Downlink SCH; (FFS if a separate MCH does not exist)
-
MTCH can be mapped to MCH; (FFS if a separate MCH exists)

-
MCCH can be mapped to Downlink SCH; (FFS if a separate MCCH exist)

-
MCCH can be mapped to MCH. (FFS if a separate MCCH and MCH exist)
Note:
From R2-051759: Some radio resource control (scheduling of user data, common channel transmissions, resource allocations, etc.) performed in MAC. MAC should: be QoS aware; assign resource blocks based on QoS attributes, buffer occupancy and radio measurements; include support of HARQ mechanism; include segmentation/re-assembly, if taken out of RLC and considered needed in L2. Possibility to cipher all flows in MAC.
5.3.2
RLC

Note:
The need for this section depends on the agreed architecture.
Note:
From R2-051759: RLC functions kept in a separate layer or put in MAC? Separate layer with simplifications and with optimisations e.g. no segmentation/re-assembly? RLC function and MAC function merged into one layer e.g. MAC+?
5.3.3
PDCP

Note:
From R2-051759: Compression kept. Should PDCP include a lossless relocation function? Proposal to add mapping of IP flows on Radio Bearer. Location of compression (AN, CN) was mentioned as needing discussion (linked to IPSec also…)

5.3.4
Data flows through Layer 2

Note:
Different flows for different transport channels, logical channels and transfer mode.
5.4
Layer 3
Note:
This section will give a high level description of RRC (e.g. RRC states). If it is agreed that RRC does not belong to Layer 3 but is a sub-layer of Layer 2 in the control plane, the sections need to be reorganized.

Note:
From R2-051759: keep same functions when still valid with new functions (no CS Domain, etc) or move some of the functions in MAC e.g. MAC-states instead of RRC states? Entirely new RRC or evolution of RRC? Modelled as belonging to Layer 2? Keep or remove Idle mode (merge with URA_PCH, NAS/AS state linking/merge)? CELL_PCH not needed. URA_PCH kept. Remove CELL_FACH. “Cell_DCH” could be split in 2 states (same mobility principle): Active and Less-active (DRx) (may be MAC states…). RRC connection common to E-UTRA and UTRA or specific to E-UTRA?
5.5
Protocol termination
Note:
This section will specify in which node of the evolved UTRAN the radio interface protocols are terminated, i.e. where within the evolved UTRAN the respective protocol services are accessible.

6
HARQ

Note:
This section will describe the characteristics of HARQ (e.g. interaction between layer 1 and 2).
7
Scheduling

Note:
This section will explain how scheduling is implemented and what kind of rules and signalling are used (in a way that is similar to what was done for HSUPA and HSDPA). DTX concept could be included in this section or be the subject of a separate one.
8
QoS Control

Note:
This section will describe how QoS is managed.
9
Mobility
Note:
This section will describe all issues related to mobility.

9.1
Intra E-UTRAN

9.1.1
UE identification on the radio interface

9.1.2
Cell selection

9.1.3 
Cell reselection
9.1.4
Paging

Note:
From R2-051759: Several proposals 1) paging channel; 2) DRX on shared channel instead of paging channel. URA concept retained. Common with UTRA or specific to E-UTRA always? No need for NAS paging if some NAS/AS functionality merge (PMM with RRC) take place (e.g. if Idle mode is removed).
9.1.5
Handover

Note:
From R2-051759: should depend on the RRC state and can be of intra-frequency or inter-frequency. Network controlled proposed to be primary method, and UE controlled only for RL failure case. UE controlled (like cell re-selection) for active state also proposed to be studied.
9.1.6
Measurements

Note:
From R2-051759: possibility to have “measurement gaps” to allow UE to make measurements. Compressed mode should be avoided. Blind handover supported for which scenarios?  SYSINFO or dedicated list of info for measurement purpose? Generic solutions not linked to specific band / pair of bands.
9.1.7
Network aspects

Note:
Node Bs interconnection for call context transfer (security, header compression, data forwarding). Bi-casting? The use of fast cell selection should be evaluated: what are the gains versus the increase in complexity, can we limit the complexity? Do we need handover preparation including admission and 
resource reservation to guarantee a level of QoS (alternative is to maintain some resources for mobility and to apply load control)?
9.2
Inter RAT

Note:
From R2-051759: simultaneous operation in two RATs should not be considered because of RF issues.
9.2.1 
Cell reselection
9.2.2
Handover

9.2.3
Measurements

Note:
From R2-051759: which Inter System measurements should be made mandatory (GERAN, UTRAN)? Measurement of other technologies – e.g. WLAN, will depend on architectural integration. SYSINFO or dedicated list of info for measurement purpose.
9.2.3
Network Aspects
10
Security
Note:
This section will describe how Security is ensured. 
Note:
From R2-051759: IProtection retained in AS. Would there need to be a Iub separate security in case ciphering is UE to Node-B? Do we need to keep AS level ciphering of IP flows (vs. CN ciphering or application ciphering)? Do we need to keep ciphering of RRC flows? For AS level ciphering, proposals are: 1) keep same principles as today, in central node and 2) move ciphering to MAC+.
11
MBMS
Note:
A separate chapter might be needed to deal with MBMS specific issues. 

Note:
From R2-051759: The following issues have to be discussed: need for selective combining within E-UTRA, possibility to perform selective combining between E-UTRA and UTRA; need for L1 combining (simpler with OFDM); FLC across UTRA and E-UTRA, all new requirements of MBMS for LTE…
12
Migration and compatibility
Note:
This section will have a closer look at the evolution in terms of migration scenario and interaction with previous releases. It will summarize what will be described in 25.912 and 25.913 from a protocol architecture viewpoint. SA1 and SA2 should lead the way. 

Note:
From R2-051759: concept of having two stacks in the UE with a legacy stack connecting to legacy CN via Iu, and a new stack. where E-RRC replaces NAS+RRC. Dual IP addresses.
12.1
Migration scenario

12.2
Interaction with previous releases
12.3
Interoperability

13
UE capabilities

Note:
This section will deal with the UE capabilities from a RAN2 viewpoint (e.g. signalling support).

Note:
From R2-051759: Mandating dual Receiver should be discussed early (different views, UE manufacturers prefer single receiver; dual-receiver likely to be an optimisation (UE cap?). Possibility to have separate capability for 20MHz. Will need signalling support of capabilities.
14
Impact on specifications

14.1
Specification methodology
14.2
Affected specifications

Note:
This section will list the specifications that affected – if any.
14.3
New specifications

Note:
This section will list the specifications that affected – if any.
Annex A:
Change history

	Change history

	Date
	TSG #
	TSG Doc.
	CR
	Rev
	Subject/Comment
	Old
	New

	2005-08
	RAN2#48
	R2-051787
	
	
	Proposed Skeleton for RAN2#48
	
	0.0.0

	2005-08
	RAN2#48
	R2-052241
	
	
	Proposed Skeleton for RAN2#48
	0.0.0
	0.0.1

	2005-10
	
	
	
	
	Transport channels and Logical Channels added in Section 5
	0.0.1
	0.0.2

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


Annex B:
Editorship

In addition to the rapporteur (Benoist Sébire – Nokia), an editor was nominated for each section of the TR as described in Table B below. 
Table B. Editorship

	Section
	Company
	Name
	email

	1. Scope
	Nokia
	Benoist Sébire
	benoist.sebire@nokia.com

	2. References
	Nokia
	Benoist Sébire
	benoist.sebire@nokia.com

	3. Definitions, symbols and abbreviations
	Nokia
	Benoist Sébire
	benoist.sebire@nokia.com

	4. Objectives and requirements
	Nokia
	Benoist Sébire
	benoist.sebire@nokia.com

	5. Protocol architecture
	Nokia
	Benoist Sébire
	benoist.sebire@nokia.com

	6. HARQ
	NEC
	Michael Roberts
	michael.roberts@nectech.fr

	7. Scheduling
	Nokia
	Benoist Sébire
	benoist.sebire@nokia.com

	8. QoS Control
	Samsung
	Mr. Gert-Jan van Lieshout
	gert.vanlieshout@samsung.com

	9. Mobility
	Samsung
	Mr. Gert-Jan van Lieshout
	gert.vanlieshout@samsung.com

	10. Security
	NEC
	Michael Roberts
	michael.roberts@nectech.fr 

	11. MBMS
	LGE
	Patrick Fischer
	pfischer@lge.com

	12. Migration and compatibility
	LGE
	Patrick Fischer
	pfischer@lge.com

	13. UE capabilities
	Motorola
	Agnes Revel
	agnes.revel@motorola.com

	14. Impact on specifications
	Motorola
	Agnes Revel
	agnes.revel@motorola.com

	Annex A – Change History
	Nokia
	Benoist Sébire
	benoist.sebire@nokia.com





