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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.

1
Scope

This document is related to the technical report for the study item “Further advancements for E-UTRA” [1]. 
This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
This document is intended to gather all technical outcome of the study item, and draw a conclusion on way forward.

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]
3GPP TD RP-080137: "Proposed SID on LTE-Advanced".

[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
3GPP TR 36.913: “Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)
[4]
ITU-R Report M.2135, Guidelines for evaluation of radio interface technologies for IMT-Advanced, 2008-11, http://www.itu.int/publ/R-REP-M.2135-2008/en
3
Definitions, symbols and abbreviations

3.1
Definitions

Void
3.2
Symbols

Void
3.3
Abbreviations

For the purposes of the present document, the abbreviations defined in 3GPP TS 21.905 [2] and the following apply:
4
Introduction

At the 3GPP TSG RAN #39 meeting, the Study Item description on "Further Advancements for E-UTRA (LTE-Advanced)" was approved [1]. The study item covers technology components to be considered for the evolution of E-UTRA, e.g. to fulfil the requirements on IMT-Advanced. This technical report covers all RAN aspects of these technology components.
5
Support of wider bandwidth

Editor’s note: This sectionr will capture means to support wider bandwidth as part of the evolution of Rel.8 LTE, so called carrier aggregation. Primary responsible WG for this section is RAN1. The MAC functionality related carrier aggregation is responsible to RAN2. The needed frequency spacing between the contiguous component carriers is responsible to RAN4.
5.1
General

LTE-Advanced extends LTE release 8 with support for Carrier Aggregation, where two or more component carriers are aggregated in order to support wider transmission bandwidths up to 100MHz and for spectrum aggregation. 

It shall be possible to configure all component carriers LTE Release 8 compatible, at least when the aggregated numbers of component carriers in the UL and the DL are same. Not all component carriers may necessarily be LTE release 8 compatible. 

A terminal may simultaneously receive or transmit one or multiple component carriers depending on its capabilities:

· An LTE-Advanced terminal with reception and/or transmission capabilities for carrier aggregation can simultaneously receive and/or transmit on multiple component carriers.

· An LTE Rel-8 terminal can receive and transmit on a single component carrier only, provided that the structure of the component carrier follows the Rel-8 specifications.

Carrier aggregation is supported for both contiguous and non-contiguous component carriers with each component carrier limited to a maximum of 110 Resource Blocks in the frequency domain using the LTE Rel-8 numerology

It is possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. In typical TDD deployments, the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same.
5.2
Protocol Architecture

From a UE perspective, there is one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial multiplexing) and one hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only. A UE may be scheduled over multiple component carriers simultaneously.
6
Uplink transmission scheme
Editor's note: This section will capture the possible extensions to the LTE Rel. 8 uplink transmission scheme, such as extended uplink multi-antenna transmission and hybrid multiple-access schemes. The responsible WG for this section is RAN1
6.1
Uplink spatial multiplexing
LTE-Advanced extends LTE Rel-8 with support for uplink spatial multiplexing of up to four layers.
In case of uplink single-user spatial multiplexing, up to two transport blocks can be transmitted from a scheduled UE in a subframe per uplink component carrier. Each transport block has its own MCS level. Depending on the number of transmission layers, the modulation symbols associated with each of the transport blocks are mapped onto one or two layers according to the same principle as for LTE Rel-8 downlink spatial multiplexing. The transmission rank can be adapted dynamically. It is possible to configure the uplink single-user spatial-multiplexing transmission with or without the layer shifting. In case of the layer shifting, shifting in time domain is supported. 
If layer shifting is configured, the HARQ-ACKs for all transport blocks are bundled into a single HARQ-ACK. One-bit ACK is transmitted to the UE if all transport blocks are successfully decoded by the eNodeB. Otherwise, one-bit NACK is transmitted to the UE. 
If layer shifting is not configured, each transport block has its own HARQ-ACK feedback signalling. 

For FDD and TDD, precoding is performed according to a predefined codebook. If layer shifting is not configured, precoding is applied after the layer mapping. If layer shifting is configured, precoding is applied after the layer shifting operation. Application of a single precoding matrix per uplink component carrier is supported. In case of full-rank transmission, only identity precoding matrix is supported. For uplink spatial multiplexing with two transmit antennas, 3-bit precoding codebook as defined in Table 6.1-1 is used. 

Table 6.1-1: 3-bit precoding codebook for uplink spatial multiplexing with two transmit antennas

	Codebook index
	Number of layers 
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For uplink spatial multiplexing with four transmit antennas, 6-bit precoding codebook is used. 
6.2 Uplink multiple access

DFT-precoded OFDM is the transmission scheme used for PUSCH both in absence and presence of spatial multiplexing. In case of multiple component carriers, there is one DFT per component carrier. Both frequency-contiguous and frequency-non-contiguous resource allocation is supported on each component carrier.

Simultaneous transmission of uplink L1/L2 control signalling and data is supported through two mechanisms

· Control signalling is multiplexed with data on PUSCH according to the same principle as in LTE Rel-8

· Control signalling is transmitted on PUCCH simultaneously with data on PUSCH
6.3
Uplink reference signals
LTE Advanced retains the basic uplink reference-signal structure of LTE Rel-8, with two types of uplink reference signals:

· Demodulation reference signal 
· Sounding reference signal
In case of uplink multi-antenna transmission, the precoding applied for the demodulation reference signal is the same as the one applied for the PUSCH. Cyclic shift separation is the primary multiplexing scheme of the demodulation reference signals. 

The baseline for sounding reference signal in LTE-Advanced operation is non-precoded and antenna-specific. For multiplexing of the sounding reference signals, the LTE Rel-8 principles are reused. 
7
Downlink transmission scheme
Editor's note: This section will capture the possible extensions to the E-UTRA downlink transmission scheme, such as extended downlink multi-antenna transmission. The responsible WG for this section is RAN1
7.1
Downlink spatial multiplexing
LTE-Advanced extends LTE Rel-8 downlink spatial multiplexing with support for up to eight layers spatial multiplexing
In the downlink 8-by-X single user spatial multiplexing, up to two transport blocks can be transmitted to a scheduled UE in a subframe per downlink component carrier. Each transport block is assigned its own modulation and coding scheme. For HARQ ACK/NAK feedback on uplink, one bit is used for each transport block.
A transport block is associated with a codeword. For up to four layers, the codeword-to-layer mapping is the same as for LTE Rel-8. For more than four layers as well as the case of mapping one codeword to three or four layers, which is for retransmission of one out of two codewords that were initially transmitted with more than four layers, the layer mapping shall be done according to Table 7.1-1. Complex-valued modulation symbols  
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Table 7.1-1: Codeword-to-layer mapping for above four layers and the case of mapping one codeword to three or four layers
	Number of layers
	Number of code words
	Codeword-to-layer mapping
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7.1.1
Feedback in support of downlink spatial multiplexing
The baseline for feedback in support of downlink single-cell single-user spatial multiplexing is codebook-based precoding feedback. 
7.2
Downlink reference signals
LTE-Advanced extends the downlink reference-signal structure of LTE with 
· Reference signals targeting PDSCH demodulation

· Reference signals targeting CSI estimation (for CQI/PMI/RI/etc reporting when needed)

The reference signal structure can be used to support multiple LTE-Advanced features, e.g. CoMP and spatial multiplexing.

The reference signals targeting PDSCH demodulation are:

· UE-specific, i.e, the PDSCH and the demodulation reference signals intended for a specific UE are subject to the same precoding operation. 

· Present only in resource blocks and layers scheduled by the eNodeB for transmission. 

· Mutually orthogonal between layers at the eNodeB.

The design principle for the reference signals targeting PDSCH modulation is an extension to multiple layers of the concept of Rel-8 UE-specific reference signals used for beamforming. Complementary use of Rel-8 cell-specific reference signals by the UE is not precluded.

Reference signals targeting CSI estimation are 

· cell specific

· sparse in frequency and time.
7.3
Downlink transmit diversity
For the downlink transmit diversity with more than four transmit antennas applied to PDCCH, and PDSCH in non-MBSFN subframes, the Rel-8 transmit diversity scheme is used. 
8
Coordinated multiple point transmission and reception
Editor's note: This section will capture techniques such as enhanced interference coordination and cooperative MIMO. Primary responsible WG for this section is RAN1. The architecture related CoMP is responsible to RAN3. Protocols for CoMP is responsible to RAN2.
Coordinated multi-point (CoMP) transmission/reception is considered for LTE-Advanced as a tool to improve the coverage of high data rates, the cell-edge throughput and/or to increase system throughput.

8.1
Downlink coordinated multi-point transmission

8.2 Uplink coordinated multi-point reception

9
Relaying
Editor's note: This section will capture relay architecture, protocol architecture for relay, physical layer aspects for relay. Primary responsible WG for this section is RAN3. Secondary responsible WG for this section is RAN2 and RAN1.
9.1
General

LTE-Advanced extends LTE Rel-8 with support for relaying as a tool to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas. 

The relay node is wirelessly connected to radio-access network via a donor cell. The connection can be

· inband, in which case the network-to-relay link share the same band with direct network-to-UE links within the donor cell. 
· outband, in which case the network-to-relay link does not operate in the same band as  direct network-to-UE links within the donor cell

At least “Type 1” relay nodes are supported by LTE-Advanced. A “type 1” relay node is an inband relaying node characterized by the following:

· It control cells, each of which appears to a UE as a separate cell distinct from the donor cell
· The cells shall have their own Physical Cell ID (defined in LTE Rel-8) and transmit their own synchronization channels, reference symbols, …
· In the context of single-cell operation, the UE receives scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node
· It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 
9.2
Relay-eNodeB link

9.2.1
Resource partitioning for relay-eNodeB link

In order to allow inband backhauling of the relay traffic on the relay-eNodeB link, some resources in the time-frequency space are set aside for this link and cannot be used for the access link on the respective node. At least the following scheme are supported for this resource partitioning:

· Resource partitioning at the relay:

· eNB → RN and RN → UE links are time division multiplexed in a single frequency band (only one is active at any time)

· RN → eNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)

Multiplexing of backhaul links in FDD:
· eNB → RN transmissions are done in the DL frequency band

· RN → eNB transmissions are done in the UL frequency band

Multiplexing of backhaul links in TDD:
· eNB → RN transmissions are done in the DL subframes of the eNB and RN 

· RN → eNB transmissions are done in the UL subframes of the eNB and RN

9.2.2
Backward compatible backhaul partitioning 
For inband relaying, the eNodeB-to-relay link operates in the same frequency spectrum as the relay-to-UE link. Due to the relay transmitter causing interference to its own receiver, simultaneous eNodeB-to-relay and relay-to-UE transmissions on the same frequency resource may not be feasible unless sufficient isolation of the outgoing and incoming signals is provided. Similarly, at the relay it may not be possible to receive UE transmissions simultaneously with the relay transmitting to the eNodeB. 

One way to handle the interference problem is to operate the relay such that the relay is not transmitting to terminals when it is supposed to receive data from the donor eNodeB, i.e. to create “gaps” in the relay-to-UE transmission. These “gaps” during which terminals (including Rel-8 terminals) are not supposed to expect any relay transmission can be created by configuring MBSFN subframes as exemplified in Figure 9.1. Relay-to-eNodeB transmissions can be facilitated by not allowing any terminal-to-relay transmissions in some subframes.
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Figure 9.1: Example of relay-to-UE communication using normal subframes (left) and eNodeB-to-relay communication using MBSFN subframes (right).
9.2.3

Backhaul resource assignment

In case of downlink backhaul in downlink resources, the following is valid

· At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching 

· The time-domain resources (set of subframes) that may be used for the downlink backhaul link are semi-statically assigned. 
· A new physical control channel (the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (the “R-PDSCH”).
· The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH”). 
· The “R-PDCCH”
· is transmitted on a subset of the PRBs of the subframes assigned for the downlink backhaul link. 
· is transmitted on a subset of the OFDM symbols of the subframes assigned for the downlink backhaul link. This subset of OFDM symbols may include the full set of OFDM symbols available for the backhaul link
· is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
· is used to assign downlink resources in the same subframe and/or in one or more later subframes.
· is used to assign uplink resources in one or more later subframes
· “R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.
10
Improvement for latency
Editor's note: This section will capture improvement for latency. The responsible WG for this section is RAN2.
10.1
Improvement for C-Plane latency

10.2
Improvement for U-Plane latency
11
Radio transmission and reception
Editor's note: This section will capture RF scenario, requirement, and characteristics. The responsible WG for this section is RAN4.
11.1
RF scenarios

11.2
Common requirements for UE and BS

11.3
UE RF requirements 

11.3.1
General

11.3.2
Transmitter characteristics

11.3.3
Receiver characteristics

11.4
BS RF requirements

11.4.1
General

11.4.2
Transmitter characteristics

11.4.3
Receiver characteristics

12
Mobility enhancements
Editor's note: This section will capture further improvement of mobility function. The responsible WG for this section is RAN2.
13
RRM Enhancements
Editor's note: This section will capture further improvement of RRM functionality. The responsible WG for this section is RAN4.
14
MBMS Enhancements
Editor's note: This section will capture further improvement of MBMS. The main responsible WG for this section is RAN1 and RAN2
15
SON Enhancements
Editor's note: This section will capture SON enhancement for LTE Rel.8 . The responsible WG for this section is RAN2.
16
Evaluation results
16.1
Peak spectral efficiency
Editor's note: This section will capture the peak spectrum efficiency. The responsible WG for this section is RAN1. The ITU-R requirement is 15bit/s/Hz and related section in ITU-R template is 4.2.4.3.2
16.2
C-plane latency
Editor's note: This section will capture control plane latency. The responsible WG for this section is RAN2. The ITU-R requirement is less than 100msec and related section in ITU-R template is 4.2.4.3.5
16.3
U-plane latency
Editor's note: This section will capture control plane latency. The responsible WG for this section is RAN2. The ITU-R requirement is less than 10msec and related section in ITU-R template is 4.2.4.3.6
16.4 Spectral efficiency and user throughput
Editor's note: This section will capture the spectrum efficiency. The responsible WG for this section is RAN1
16.4.1
Cell spectral efficiency
Editor's note:The ITU-R requirements are below 
	Indoor
	Downlink
	3

	
	Uplink
	2.25

	Microcellular
	Downlink
	2.6

	
	Uplink
	1.8

	Base coverage urban
	Downlink
	2.2

	
	Uplink
	1.4

	High speed
	Downlink
	1.1

	
	Uplink
	0.7


and related section in ITU-R template is 4.2.4.3.1
16.4.2
Cell edge user spectral efficiency

Editor's note:The ITU-R requirements are below 

	Indoor
	Downlink
	0.1

	
	Uplink
	0.07

	Microcellular
	Downlink
	0.075

	
	Uplink
	0.05

	Base coverage urban
	Downlink
	0.06

	
	Uplink
	0.03

	High speed
	Downlink
	0.04

	
	Uplink
	0.015


and related section in ITU-R template is 4.2.4.3.4
16.4.3
Number of supported VoIP users
Editor's note:The ITU-R requirements are below 

	Indoor
	50

	Microcellular
	40

	Base coverage urban
	40

	High speed
	30


and related section in ITU-R template is 4.2.4.3.13
16.4.4
Mobility traffic channel link data rates
Editor's note:This section capture the normalize uplink date rate at the medium SINR in each deployment scenario . The ITU-R requirements are below 

	Indoor
	1.0

	Microcellular
	0.75

	Base coverage urban
	0.55

	High speed
	0.25


and related section in ITU-R template is 4.2.4.3.8
16.5
Mobility
Editor's note: This section will capture the mobility performance. The responsible WG for this section is RAN2
16.5.1
Intra-frequency hand-over interruption time
The ITU-R requirement is less than 27.5msec and related section in ITU-R template is 4.2.4.3.9
16.5.2
Inter-frequency handover interruption time within a spectrum band
The ITU-R requirement is less than 40msec and related section in ITU-R template is 4.2.4.3.10
16.5.3
Inter-frequency handover interruption time between spectrum bands
The ITU-R requirement is less than 60msec and related section in ITU-R template is 4.2.4.3.11
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