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9
Relaying functionality

Editor's note: This section will capture techniques such as relaying, repeaters and self-backhauling
Relaying is considered for LTE-Advanced 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 the radio-access network via a donor cell. With respect to the relay node’s usage of spectrum, its operation can be classified into:


-
inband, in which case the eNB-relay link shares the same carrier frequency with relay-UE links. Rel-8 UEs should be able to connect to the donor cell in this case.

-
outband, in which case the eNB-relay link does not operate in the same carrier frequency as relay-UE links. Rel-8 UEs should be able to connect to the donor cell in this case.
For both inband and outband relaying, it shall be possible to operate the eNB-to-relay link on the same carrier frequency as eNB-to-UE links.
With respect to the knowledge in the UE, relays can be classified into

-
transparent, in which case the UE is not aware of whether or not it communicates with the network via the relay.

-
non-transparent, in which case the UE is aware of whether or not it is communicating with the network via the relay.

Depending on the relaying strategy, a relay may

-
be part of the donor cell

-
control cells of its own

In the case the relay is part of the donor cell, the relay does not have a cell identity of its own (but may still have a relay ID). At least part of the RRM is controlled by the eNodeB to which the donor cell belongs, while parts of the RRM may be located in the relay. In this case, a relay should preferably support also LTE Rel-8 UEs. Smart repeaters, decode-and-forward relays, different types of L2 relays, and Type 2 relay are examples of this type of relaying. 

In the case the relay is in control of cells of its own, the relay controls one or several cells and a unique physical-layer cell identity is provided in each of the cells controlled by the relay. The same RRM mechanisms are available and from a UE perspective there is no difference in accessing cells controlled by a relay and cells controlled by a “normal” eNodeB. The cells controlled by the relay should support also LTE Rel-8 UEs. Self-backhauling (L3 relay), “Type 1 relay nodes” and “Type 1a relay nodes” use this type of relaying.
At least “Type 1” and “Type 1a” relay nodes are part of 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 the relay node shall transmit its own synchronization channels, reference symbols, …
-
In the context of single-cell operation, the UE shall receive 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) 
-
To LTE-Advanced UEs, it should be possible for a relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.

A “Type 1a” relay node is characterised by the same set of features as the “Type 1” relay node above, except “Type 1a” operates outband. A “Type 1a” relay node is expected to have little or no impact on RAN1 specifications.
A “Type 2” relay node is an inband relaying node characterized by the following:

-
It does not have a separate Physical Cell ID and thus would not create any new cells.
-
It is transparent to Rel-8 UEs; a Rel-8 UE is not aware of the presence of a Type 2 relay node. 

-
It can transmit PDSCH.

-
At least, it does not transmit CRS and PDCCH.
9.1 Relay-eNodeB link for inband relay
9.1.1
Resource partitioning for relay-eNodeB link

In order to allow inband relaying, some resources in the time-frequency space are set aside for the backhaul link (Un) and cannot be used for the access link (Uu). At least the following scheme will be supported for this resource partitioning:

General principle for resource partitioning at the relay:

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

-
RN → eNB and UE → RN links are time division multiplexed in a single carrier frequency (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

9.1.2
Backward compatible backhaul partitioning 
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 e.g. by means of specific, well separated and well isolated antenna structures. Similarly, at the relay it may not be possible to receive UE transmissions simultaneously with the relay transmitting to the eNodeB. 

One possibility 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).
9.1.3

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 set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned
-
The set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship
-
A new physical control channel (here referred to as the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (corresponding to the “R-PDSCH” physical channel). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.
-
The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH” physical channel). The R-PDCCH may assign uplink resources in one or more later subframes. 
-
Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH.
-
The detailed R-PDCCH transmitter processing (channel coding, interleaving, multiplexing, etc.) should reuse Rel-8 functionality to the extent possible, but allow removing some unnecessary procedure or bandwidth-wasting procedure by considering the relay property.
-
If the “search space” approach of R8 is used for the backhaul link, use of common search space, which can be semi-statically configured (and potentially includes entire system bandwidth),  is the baseline. If RN-specific search space is configured, it could be implicitly or explicitly known by RN.
-
The R-PDCCH is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
-
“R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.
9.2 Relay-eNodeB link for outband relay
If relay-eNB and relay-UE links are isolated enough in frequency (possibly with help of additional means such as antenna separation), then there is no interference issue in activating both links simultaneously. Therefore, it becomes possible for relay-eNodeB link to reuse the channels designed for UE-eNodeB link.

Text Proposal for Section 9 of TR36.912 v9.1.0
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 (RN) is wirelessly connected to a donor cell of a donor eNB via the Un interface, and UEs connect to the RN via the Uu interface as shown on Figure 9.1-1 below.
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Figure 9.1-1: Relays

With respect to the relay node’s usage of spectrum, its operation can be classified into:


-
inband, in which case the eNB-RN link shares the same carrier frequency with RN-UE links. Rel-8 UEs should be able to connect to the donor cell in this case.
-
outband, in which case the eNB-RN link does not operate in the same carrier frequency as RN-UE links. Rel-8 UEs should be able to connect to the donor cell in this case.
For both inband and outband relaying, it shall be possible to operate the eNB-to-relay link on the same carrier frequency as eNB-to-UE links.
At least “Type 1” and “Type 1a” RNs are supported by LTE-Advanced. 
A “Type 1” RN is an inband RN characterized by the following:

-
It controls 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 (as 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 RN and sends its control channels (SR/CQI/ACK) to the RN

-
It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 
-
To LTE-Advanced UEs, it should be possible for a relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
A “Type 1a” relay node is characterised by the same set of features as the “Type 1” relay node above, except “Type 1a” operates outband. 

9.2
Architecture

On Uu interface between UE and RN, all AS control plane (RRC) and user plane (PDCP, RLC and MAC) protocols are terminated in RN. On Un interface between RN and eNB, the user plane is based on standardised protocols (PDCP, RLC, MAC). The control plane on Un uses RRC (for the RN in its role as UE).
9.3
Relay-eNodeB link for inband relay
9.3.1
Resource partitioning for relay-eNodeB link

In order to allow inband relaying, some resources in the time-frequency space are set aside for the backhaul link (Un) and cannot be used for the access link (Uu). At least the following scheme is supported for this resource partitioning:

Resource partitioning at the RN:

-
in the downlink, eNB → RN and RN → UE links are time division multiplexed in a single carrier frequency (only one is active at any time)
-
in the uplink, UE → RN and RN → eNB links are time division multiplexed in a single carrier frequency (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
9.3.2
Backward compatible backhaul partitioning 
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).
9.3.3

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 set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned. 
-
The set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship
-
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 (corresponding to the R-PDSCH physical channel). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.
-
The R-PDCCH is also used to dynamically or semi-persistently assign resources for the uplink backhaul data (the R-PUSCH physical channel). The R-PDCCH may assign uplink resources in one or more later subframes. 
-
Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH.
-
The detailed R-PDCCH transmitter processing (channel coding, interleaving, multiplexing, etc.) should reuse Rel-8 functionality to the extent possible, but allow removing some unnecessary procedure or bandwidth-wasting procedure by considering the relay property.
-
If the search space approach of Rel-8 is used for the backhaul link, use of common search space, which can be semi-statically configured (and potentially includes entire system bandwidth), is the baseline. If RN-specific search space is configured, it could be implicitly or explicitly known by RN.
-
The R-PDCCH is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
-
R-PDSCH and R-PDCCH can be transmitted within the same PRBs or within separated PRBs.
9.4
Relay-eNodeB link for outband relay
If relay-eNB and relay-UE links are isolated enough in frequency (possibly with help of additional means such as antenna separation), then there is no interference issue in activating both links simultaneously. Therefore, it becomes possible for relay-eNodeB link to reuse the channels designed for UE-eNodeB link.

�PAGE \# "'Page: '#'�'"  �� � HYPERLINK "http://www.3gpp.org/ftp/Information/DocNum_FTP_structure_V3.zip" ��Document numbers� are allocated by the Working Group Secretary.   Use the format of document number specified by the � HYPERLINK "http://www.3gpp.org/About/WP.htm" ��3GPP Working Procedures�.


�PAGE \# "'Page: '#'�'"  �� Enter the specification number in this box. For example, 04.08 or 31.102. Do not prefix the number with anything . i.e. do not use "TS", "GSM" or "3GPP" etc.


�PAGE \# "'Page: '#'�'"  �� Enter the CR number here. This number is allocated by the 3GPP support team.  It consists of at least four digits, padded with leading zeros if necessary.


�PAGE \# "'Page: '#'�'"  �� Enter the revision number of the CR here. If it is the first version, use a "-".


�PAGE \# "'Page: '#'�'"  �� Enter the version of the specification here. This number is the version of the specification to which the CR was written and (normally) to which it will be applied if it is approved. Make sure that the latest version of the specification (of the relevant release) is used when creating the CR. If unsure what the latest version is, go to � HYPERLINK "http://www.3gpp.org/3G_Specs/3G_Specs.htm" ��� � HYPERLINK "http://www.3gpp.org/specs/specs.htm" ��http://www.3gpp.org/specs/specs.htm�.


�PAGE \# "'Page: '#'�'"  �� For help on how to fill out a field, place the mouse pointer over the special symbol closest to the field in question.


�PAGE \# "'Page: '#'�'"  �� Mark one or more of the boxes with an X.


�PAGE \# "'Page: '#'�'"  �� SIM / USIM / ISIM applications.


�PAGE \# "'Page: '#'�'"  �� Enter a concise description of the subject matter of the CR. It should be no longer than one line, but if this is not possible, do not enter hard new-line characters.  Do not use redundant information such as "Change Request number xxx to 3GPP TS xx.xxx".


One or more organizations (3GPP Individual Members) which drafted the CR and are presenting it to the Working Group.


For CRs agreed at Working Group level, the identity of the WG.  Use the format "xn" where �	x = "C" for TSG CT, "R" for TSG RAN, "S" for TSG SA, "G" for TSG GERAN; �PAGE \# "'Page: '#'�'"  ���	n = digit identifying the Working Group; for CRs drafted during the TSG meeting itself, use "P". �Examples: "C4", "R5", "G3new", "SP".


�PAGE \# "'Page: '#'�'"  �� Enter the acronym for the work item which is applicable to the change. This field is mandatory for category F, A, B & C CRs for Release 4 and later. A list of work item acronyms can be found in the 3GPP work plan. See �� HYPERLINK "http://www.3gpp.org/ftp/Specs/html-info/WI-List.htm" ��http://www.3gpp.org/ftp/Specs/html-info/WI-List.htm� .


�PAGE \# "'Page: '#'�'"  �� Enter the date on which the CR was last revised.  Format to be interpretable by English version of MS Windows ® applications, e.g. 19/02/2006.


�PAGE \# "'Page: '#'�'"  �� Enter a single letter corresponding to the most appropriate category listed. For more detailed help on interpreting these categories, see Technical Report �HYPERLINK "http://www.3gpp.org/ftp/Specs/html-info/21900.htm"��21.900� "TSG working methods".


�PAGE \# "'Page: '#'�'"  �� Enter a single release code from the list below.


�PAGE \# "'Page: '#'�'"  �� Enter text which explains why the change is necessary.


�PAGE \# "'Page: '#'�'"  �� Enter text which describes the most important components of the change. i.e. How the change is made.


�PAGE \# "'Page: '#'�'"  �� Enter here the consequences if this CR were to be rejected. It is mandatory to complete this section only if the CR is of category "F" (i.e. correction), though it may well be useful for other categories.


�PAGE \# "'Page: '#'�'"  �� Enter the number of each clause which contains changes.   Be as specific as possible (ie list each subclause, not just the umbrella clause).


�PAGE \# "'Page: '#'�'"  �� Tick "yes" box if any other specifications are affected by this change.  Else tick "no".  You MUST fill in one or the other.


�PAGE \# "'Page: '#'�'"  �� List here the specifications which are affected or the CRs which are linked.


�PAGE \# "'Page: '#'�'"  �� Enter any other information which may be needed by the group being requested to approve the CR. This could include special conditions for it's approval which are not listed anywhere else above.





_1308450934.vsd

_1294748004.doc
[image: image1.emf]Data Ctrl


transmission gap


(“MBSFN subframe”)


Ctrl


One subframe


No relay-to-UE transmission


eNB-to-relay transmission





