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1
Introduction
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.
In [1], two types of inband relaying node, type I and type II relay nodes, are defined where network-to-relay link (backhaul link) share the same band with direct network-to-UE links (direct link) within the donor cell. In section 9.1 [1], for inband relaying, it further specifies that the eNodeB-to-relay link (backhaul link) operates in the same frequency spectrum as the relay-to-UE link (access link).
According to [2], the Relay WID objects should focus on the coverage improvement and additionally consider the case of access link with different carriers or frequency band from the backhaul. However, the consideration for type II relay node was not expressed. 
In this contribution, we analyze possible type of relay node whose access link operates in different carriers or frequency band from the backhaul link (as one of possible configurations in [2]). With the advantage of overlay system deployment scenarios and network scheduling strategy, the new type of relay node is a simple extension of the eNB through wireless backhauling and can be applied as extended feature of both type I and type II relay nodes. Finally, we define two new types of relay node. 
2
Discussion
2.1 Inband relaying nodes in [1]
According to section 9 [1], type I and type II are both inband relaying node, where generally the eNodeB-to-relay link (backhaul link) operates in the same frequency band as the relay-to-UE link (access link) as well as eNB and relay nodes are operated inband. 
For inband relay nodes, the restriction of that resource partitioning for backhaul link, scheduler coordination (e.g. scheduling delay or signalling overhead) and possible backhaul frame structure (e.g. transmission gap for transmission/reception switching) could limit the spectrum efficiency and decrease system performance. 
Type I relay is designed to transmit and receive in different subframes to prevent self-interference. The relay node performance is limited by the available subframes for the RN-UE link.   Meanwhile, the interference mitigation between eNB and the relay node is essential for type 1 relay to ensure the correct decoding of the PDCCH since the eNB and relay node may have a lot of overlapped coverage area.
As to type II relay, it is designed to assist the donor eNB for performance enhancement.  Since Type 2 relay does not transmit the CRS and the PDCCH, such limitation would prevent type 2 relay from supporting coverage area extension. However, compared to type I relay, it requires less cell planning work and results in less mobility signalling overhead.
2.2 Relay node with access link on different carriers or frequency band based on [1][2]
From the aforementioned system analysis of inband relay nodes and their limitation in performance and coverage extension, here we, based on [1][2], define a new types of relay node, whose access link (RN-UE link) and backhaul link (eNB-RN link)  operate in different carriers or frequency band (examples as shown in Fig. 1-a and Fig. 1-b) according to the “inband” and “outband” definition in [1].
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Fig. 1-a. Inband new type of relay node
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Fig. 1-b. Outband new type of relay node
The new type of relay node (no matter inband or outband) has the flexibility in scheduling the service to the UE, regardless of Rel-8 UE or Rel-10 and beyond UE, as an eNB.  The donor eNB has complete freedom in resource allocation for the backhauling link to the new type of relay node. There is no further design issue of resource partitioning for the backhaul link (e.g. R-PDCCH is not necessary), scheduling delay and new backhauling frame structure for the new type of relay node. In addition, the interference mitigation between the donor eNB and the relay node is implicitly supported when the eNB-RN link and the RN-UE link operate in different carrier or frequency band (e.g. especially for coverage hole or with directional antenna at relay node).

The new type of relay node could also support both coverage extension and throughput enhancement since the operations of the relay node and the donor eNB are in separate carrier or frequency band. The DL control signalling and the frame structure of the new type of relay can be exactly as that of an eNB. 
The new type of relay supports all functionalities of both Type I and Type II relay without complicated system design in backhauling, frame structures, and resource partition where the relay node can be generally characterized as follow:

· The eNB-RN link and the RN-UE link operate in different carrier or frequency band;
· It appears as an UE to the donor eNB;  
· It can appear as an eNB to the MME; 
· It can appear as an eNB to the Rel-8 UE. 
With the above characteristics, it’s considered that RAN1 can either define an additional type of relay node with more detailed characteristics (independent to type I and type II relay nodes), or at least apply the feature (which is that the eNB-RN link and the RN-UE link operate in different carrier or frequency band) of the inband new type of relay node to both type I and type II relay nodes so as to derive complementary type I and type II relay nodes, such as type 1a and type 2a, by additionally specifying that “The eNB-RN link and the RN-UE link operate in different carrier or frequency band”. Therefore, we propose to have “Type 1a” relay node, which is characterised by the same set of features as the “Type I” relay node, except that the eNB-RN link and the RN-UE link of “Type 1a” relay operate in different carrier or frequency band.
On the other hand, judging from the focus of the Relay issue WID on coverage extension, we consider that it’s more reasonable to allow coverage extension for type II relay, which means type II relay should be able to transmit reference symbols, PDCCH and synchronization signal etc. However, it’s clearer to merge coverage extension feature to “Type 2a” relay node, where the eNB-RN link and the RN-UE link of “Type 2a” relay can operate in different carrier or frequency band (e.g. leave Type II relay node unchanged). For, it’s an abnormal case to have PDCCH on a carrier and PDSCH on another carrier for general operation of single carrier scenario (e.g. should be workable for Rel-8 UEs). 
To allow deployment flexibility, we propose in TR36.814 to have “Type 2a relay node”, which is characterised by the same set of features as the “Type II” relay node, except that “Type 2a” relay can support coverage extension (e.g. can transmit reference symbols, synchronization signal, and PDCCH etc), as well as the eNB-RN link and the RN-UE link of “Type 2a” relay can operate in different carrier or frequency band.
A “Type 2a” relay node is an inband relaying node characterized by the following:

-
It does not have a separate Physical Cell ID;
-
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;

-
Its eNB-RN link and the RN-UE link can operate in different carrier or frequency band;
-
It can support coverage extension (e.g. can transmit reference symbols, synchronization signal, and PDCCH ...).
Additionally, we consider that it’s unnecessary to change the common understanding of the “inband” and “outband” definition at the current stage since there should be no impact/difference for the TS. Furthermore, it’s convenient to leave outband scenario as a category for study and evaluation of impact or further work.
3
Conclusion
We propose two new types of relay node, ”Type 1a” and “Type 2a” relay nodes, to support scheduling flexibility, coverage extension and throughput enhancement without complicated physical layer design.
It’s proposed to capture the definition of the two new types of relay node in the TR36.814 at current stage. 

Two new types of relay node:
· “Type 1a” relay node, which is characterised by the same set of features as the “Type I” relay node, except that the eNB-RN link and the RN-UE link of “Type 1a” relay operate in different carrier or frequency band.
· “Type 2a relay node”, which is characterised by the same set of features as the “Type II” relay node, except that “Type 2a” relay can support coverage extension (e.g. can transmit reference symbols, synchronization signal, and PDCCH etc), as well as the eNB-RN link and the RN-UE link of “Type 2a” relay can operate in different carrier or frequency band.
A “Type 2a” relay node is an inband relaying node characterized by the following:

· -
It does not have a separate Physical Cell ID;
· -
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;

· -
Its eNB-RN link and the RN-UE link can operate in different carrier or frequency band;
· -
It can support coverage extension (e.g. can transmit reference symbols, synchronization signal, and PDCCH ...).
4
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