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1. Introduction
Before RAN#59 meeting, there were some e-mail discussions on the definition of type 1 relay in TR 36.814. The main issues are
· How to make consistent use of the word “inband” which appears in the definition of type 1 relay

· How to deal with a relay node whose eNB-RN link is separated from RN-UE link in frequency.

After some offline discussions during the meeting time, several alternatives have been proposed to resolve these issues. This contribution provides these alternatives along with candidates for text proposal for TR 36.814, one of which will be selected eventually based on the agreement.
2. Summary of the alternatives
There have been proposed 6 alternatives so far. These alternatives are aligned in R1-094518.
· Alternative 1

· Keep the type 1 relay definition in [1] (LS sent to RAN2/3).
· Delete “inband” in the definition of type 1 relay in the current TR.
· List several use cases of type 1 relay to describe whether or not the frequency bands used for eNB-RN link is used for RN-UE link.
· The corresponding text proposal is in Section 3.
· Alternative 2

· Keep the type 1 relay definition in [1] (LS sent to RAN2/3).
· Delete “inband” in the definition of type 1 relay in the current TR.
· List several use cases of type 1 relay to describe whether or not eNB-RN link and RN-UE link are activated simultaneously.
· The corresponding text proposal for Section 9 would be similar to that in alternative 1 except for the description on the use cases.

· Section 9.1.1 and 9.1.2 should to be revised further (e.g., the resource partitioning principle in Section 9.1.1, the context on the interference from relay transmitter to relay receiver in Section 9.1.2).

· Alternative 3

· Keep the type 1 relay definition in [1] (LS sent to RAN2/3).
· Delete “inband” in the definition of type 1 relay in the current TR.
· List several use cases of type 1 relay to describe whether or not eNB-RN link uses the design described in Section 9.1.2 and 9.1.3 in TR.
· The corresponding text proposal for Section 9 would be similar to that in alternative 1Section 3 except for the description on the use cases.

· Section 9.1.1 and 9.1.2 should to be revised further (e.g., the resource partitioning principle in Section 9.1.1, the context on the interference from relay transmitter to relay receiver in Section 9.1.2).

· Alternative 4
· Restrict type 1 relay to the one having eNB-RN and RN-UE links in the same frequency band.
· Delete “inband” in the definition of type 1 relay in the current TR and add one bullet point to describe this restriction.
· Define new types of relay (type 3 and type 4) according to the frequency band allocation to eNB-RN and RN-UE links.
· The corresponding text proposal is in Section 4.
· Alternative 5
· Delete “inband” in the definition of type 1 relay in the current TR.
· Not list the use cases of type 1 relay.
· Not define a new type of relay.
· The corresponding text proposal is in Section 5.
· Alternative 6

· Keep the current TR as it is, i.e., keep “inband” in the definition of type 1 relay. 
· No text proposal is needed.
3. Text proposal if agree on alterative 1
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 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. Rel-8 UEs should be able to connect to the donor cell in this case.

-
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

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 and different types of L2 relays 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) and “type 1 relay nodes” uses this type of relaying.
At least “Type 1” relay nodes are part of LTE-Advanced. A “type 1” relay node is a 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 its 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 type 1 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
According to the relationship between the frequency band(s) used for eNB-RN link and RN-UE link, there are several use cases of type 1 relay nodes as follows:

· Case 1: The frequency band(s) used for eNB-RN link is used for RN-UE link.
· Case 2: The frequency band(s) used for eNB-RN link is not used for RN-UE link.
· Case 3: Some frequency band(s) used for eNB-RN link is used for RN-UE link and the other frequency band(s) used for eNB-RN link is not used for RN-UE link.
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

9.1.1
Resource partitioning for relay-eNodeB link

In order to allow operation of eNB-RN link and RN-UE link in a single frequency band (the operation of type 1 relay node in Case 1) with insufficient separation between the links, 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 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 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

9.1.2
Backward compatible backhaul partitioning 
For a type 1 relay node in Case 1, 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 e.g. by means of specific, well separated and well insolated 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).
4. Text proposal if agree on alterative 4
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 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. Rel-8 UEs should be able to connect to the donor cell in this case.

-
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

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 and different types of L2 relays 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) and “type 1 relay nodes” uses this type of relaying.
At least “Type 1” relay nodes are part of LTE-Advanced. A “type 1” relay node is a 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 its 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 type 1 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
- 
The frequency band(s) used for eNB-RN link is used for RN-UE link.
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.
A “type 3” relay node is a 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 its 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 type 3 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
-    The frequency band(s) used for eNB-RN link is not used for RN-UE link.
A “type 4” relay node is a 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 its 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 type 4 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
-    Some frequency band(s) used for eNB-RN link is used for RN-UE link and the other frequency band(s) used for eNB-RN link is not used for RN-UE link.
9.1 Relay-eNodeB link

9.1.1
Resource partitioning for relay-eNodeB link

In order to allow operation of eNB-RN link and RN-UE link in a single frequency band (e.g., the operation of type 1 relay), 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 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 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

9.1.2
Backward compatible backhaul partitioning 
For a type 1 relay node, 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 e.g. by means of specific, well separated and well insolated 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).
5. Text proposal if agree on Alterative 5
See [2].
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