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Foreword

This Technical Specification 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

The present document describes the characteristics of eNB - relay node transmissions. 
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 TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); LTE physical layer; General description".
[3]
3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation".

[4]
3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding".

[5]
3GPP TS 36.213: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures".

[6]
3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer – Measurements".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

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

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

BPSK
Binary Phase Shift Keying

CQI
Channel Quality Indicator

CP
Cyclic Prefix

CRC
Cyclic Redundancy Check

eNode-B
Evolved Node B

E-UTRA
Evolved Universal Terrestrial Radio Access

FDD
Frequency Division Duplex

HARQ
Hybrid Automatic Repeat Request

LTE
Long Term Evolution

MAC
Medium Access Control

MBMS
Multimedia Broadcast and Multicast Service
MBSFN
Multicast/Broadcast over Single Frequency Network
MIMO
Multiple Input Multiple Output

OFDM
Orthogonal Frequency Division Multiplexing

PBCH
Physical Broadcast Channel

PCFICH
Physical Control Format Indicator Channel
PDSCH
Physical Downlink Shared Channel

PDCCH
Physical Downlink Control Channel

PHICH
Physical Hybrid ARQ Indicator Channel

PMCH
Physical Multicast Channel

PRACH
Physical Random Access Channel

PUCCH
Physical Uplink Control Channel

PUSCH
Physical Uplink Shared Channel

QAM
Quadrature Amplitude Modulation

QPP
Quadratic Permutation Polynomial 

QPSK
Quadrature Phase Shift Keying
RLC
Radio Link Control

RRC
Radio Resource Control

RSSI
Received Signal Strength Indicator
RSRP
Reference Signal Received Power
RSRQ
Reference Signal Received Quality
SAP
Service Access Point

SC-FDMA
Single-Carrier Frequency Division Multiple Access

TDD
Time Division Duplex

TX Diversity
Transmit Diversity

UE
User Equipment

4
General
 
From a UE perspective a relay node (RN) is part of the radio access network and behaves like an eNB. A relay node is wirelessly connected to a donor eNB. 

An RN includes at least two physical layer entities. One entity is used for communication with UEs and it corresponds to the eNB functionality as described in [3][4][5][6]. Another physical layer entity is used for communication with the donor eNB and it corresponds to UE functionality as described in [3][4][5][6], which can be extended by relay-specific advancements as described in the following. 

5
Physical Channels and Modulation

Processing and mapping of physical channels shall be done according to [3] with the exceptions described below.
5.1
Resource partitioning and multiplexing for relays
Time-frequency resources can be set aside for eNB-RN transmissions by time multiplexing eNB-RN and RN-UE transmissions. Subframes during which eNB-RN transmission may take place are configured by higher layers. 

eNB-to-RN transmissions occur in DL subframes and RN-to-eNB transmissions occur in UL subframes.
5.2
Relay frame timing

The frame timing for downlink transmission from the relay shall be such that the relay node can receive at least the OFDM symbols from the donor eNB according to Section 5.3-1. 

5.3
Downlink slot structure and physical resource elements

The downlink slot structure and the physical resource elements of LTE are described in Section 6.2 of [3]. 

eNB-to-RN transmissions can be restricted to a subset of the OFDM symbols in a slot. The resulting number of OFDM symbols in a slot is given in Table 5.3-1.

Table 5.3-1: OFDM symbols per slot usable for eNB-to-RN transmission (normal cyclic prefix, 
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5.4
Physical downlink shared channel 

The physical downlink shared channel intended for a relay node shall be processed and mapped to resource elements as described in Section 6.4 of [3] with the following exceptions:

-
the PDSCH shall only be mapped to resource elements in OFDM symbols configured according to Table 5.3-1
-
the PDSCH shall not be mapped to any resource element in a resource block used for R-PDCCH
5.5
Relay physical downlink control channel 

The relay physical downlink control channel (R-PDCCH) carries scheduling assignments and other control information for relay nodes. 

An R-PDCCH is transmitted according to configurations 3, 4 or 5 of Table 5.3-1. In the frequency domain, a set of PRBs can be semi-statically configured for potential R-PDCCH transmission, from which a subset can be allocated for each R-PDCCH. PRBs configured for potential R-PDCCH transmission but not used for R-PDCCH may be used for PDSCH transmission.

Multiple R-PDCCHs can be interleaved in one or several PRBs, see Section 5.5.1. Alternatively an R-PDCCH can be transmitted on one or several PRBs without being interleaved with other R-PDCCHs in a given PRB, see Section 5.5.2. 

5.5.1
R-PDCCH formats (interleaving)

With interleaving, R-PDCCHs are multiplexed, scrambled, modulated, precoded and mapped to layers and resource elements according to the PDCCH modulation in Section 6.8 of [3].

5.5.2
R-PDCCH formats (no interleaving)

Without interleaving, an R-PDCCH is transmitted on resource element groups of an aggregation of one or several PRBs.
6
Multiplexing and channel coding 

Multiplexing and coding is done according to [4] with the addition that DCI can be mapped to the R-PDCCH.
7
RN procedures

The RN acts according to the UE procedures as described in [5] with the exceptions defined below, where DCI of format {0,1,1A,1B,1C,1D,2,2A,2B} can be transmitted by means of either PDCCH or R-PDCCH. 
7.1
RN procedures for transmitting the physical uplink shared channel 

The physical uplink shared channel shall be processed as described in chapter 8 of [5] with the following exceptions.

When the RN is configured to monitor one or several R-PDCCHs it should not expect PHICH.
At the RN the number of HARQ processes depends on the subframes configured for eNB-RN transmissions. 


 
The physical layer in the RN shall deliver ACK to the higher layers for downlink subframe i, if a transport block, which had been granted by a corresponding R-PDCCH, was transmitted in the associated PUSCH subframe. 
7.2
RN procedure for determining relay physical downlink control channel assignment
 

7.3
RN procedure for determining physical uplink control channel assignment 
The physical uplink control channel shall be processed as described in Section 10 of [5] with the following exceptions.

For a PDSCH transmission indicated by the detection of a corresponding R-PDCCH, the RN shall use PUCCH resources for transmission of HARQ-ACK, where the value of 
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 is configured by higher layers.
The RN shall transmit SR only in uplink subframes that have been configured for RN-to-eNB transmissions.
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�This corresponds to TS 36.201


�This chapter corresponds to TS 36.211


�This chapter corresponds to TS 36.212


�This chapter corresponds to TS 36.213


�


Details on TDD R-PDCCH-PUSCH transmission timing for RNs (for configurations #1, #2, #3, #4, #6.) are FFS.


�


Details on search space design are FFS


�


Details on the TDD PDSCH-ACK/NACK transmission timing for RNs are FFS.
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