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1
Introduction
This contribution captures the agreements RAN2 reached on carrier aggregation and relays at meetings RAN2#65bis and RAN2#66 for LTE-Advanced [1] [2]. The text proposal is based on the preliminary input from the rapporteur on the RAN1 reflector for updating 36.912 [3]. New text related to RAN2 agreements is highlighted through track changes.
Beginning of Text Proposal

5
Support of wider bandwidth

5.1
General

LTE-Advanced extends LTE Rel-8 with support for Carrier Aggregation, where two or more Component Carriers (CCs) 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 Rel-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.

The L1 specification shall support carrier aggregation 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 but they shall originate from the same eNB. In typical TDD deployments, the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same.
Component carriers originating from the same eNB need not to provide the same coverage.
5.2
User Plane
5.2.1
Structure

Compared to the Layer 2 structure of LTE Rel-8, the multi-carrier nature of the physical layer is only exposed to the HARQ entities. The Layer 2 structure for the downlink is depicted on Figured 5.2.1-1 below.
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Figure 5.2.1-1: Layer 2 Structure for the DL
The Layer 2 structure for the uplink is depicted on Figured 5.2.1-2 below.
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Figure 5.2.1-2: Layer 2 Structure for the UL
5.2.1
MAC

From a UE perspective, the Layer 2 aspects of HARQ should be kept Rel-8 compliant unless modifications provide significant gains. There is one transport block (in absence of spatial multiplexing, up to two transport blocks in case of spatial multiplexing) and one and independent hybrid-ARQ entity per scheduled component carrier. Each transport block is mapped to a single component carrier only where all possible HARQ retransmissions also take place. A UE may be scheduled over multiple component carriers simultaneously but at most one random access procedure shall be ongoing at any time.
A common TA is used on all CCs.
Editor’s Note: To be confirmed by RAN1.

5.2.2
RLC

Apart from potentially the RLC SN size (FFS), the RLC protocol according to LTE Rel-8 fulfills the requirements posed by carrier aggregation.
5.2.3
PDCP

Editor’s Note: FFS.
5.3
Control Plane

5.3.1
Structure

Carrier aggregation does not impact the C-Plane architecture of LTE Rel-8.
5.3.2
RRC procedures
After RRC connection establishment, the configuration and/or activation of additional component carriers is performed by dedicated signaling.
5.3.3
Idle mode procedures

Idle mode mobility procedures of LTE Rel-8 seems to provide a feasible approach also in a network deploying carrier aggregation It should be possible for a network to configure only a subset of CCs for idle mode camping.
.. subclauses omitted…

9
Relaying functionality

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. Focus is laid on fixed, low density deployments but other scenarios are not yet ruled out.
The relay node (RN) is wirelessly connected to 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
High level requirements for the Relay architecture are:

-
impact to legacy network elements shall be minimized (especially the core network);

- 
similar handover performance to Rel-8 eNB when supporting mobility to/from RN.
The Uu 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; or

-
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” RNs are supported by LTE-Advanced. A “type 1” RN is an inband relaying node characterized by the following:

-
it controls cells, each of which appears to a UE as a separate cell distinct from the cells of the donor eNB;

-
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 RN and send its control channels (SR/CQI/ACK) to the RN;

-
it shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backward compatible).

9.2
Architecture

9.2.1
Overall Architecture

Editor’s Note: content to be written once RAN3 progresses on e.g. S1 termination point.

9.2.2
Protocol 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) but it remains FFS how similar they are to the ones used on Uu. The control plane on Un uses RRC (for the RN in its role as UE), potentially with some enhancements.
9.3
Relay-eNodeB link

9.3.1
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 schemes are supported for this resource partitioning:

General principle for resource partitioning at the RN:

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

-
in the uplink UE → RN and RN → eNB 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.
9.3.2
Backward compatible backhaul partitioning 
For inband relaying, the eNodeB-to-relay link (Un) operates in the same frequency spectrum as the relay-to-UE link (Uu). 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 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.
End of Text Proposal
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