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1 Introduction

It has been agreed in RAN1 that the main characteristics of relay in LTE-Advanced are summarized as “Type 1” relay [1]. The in-band “Type 1” relay is characterized as: 
· 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.
However, the functionality partition between the relay node and the eNB has not been fully discussed in higher layer yet. In this paper, we try to propose some options for functionality partition as a baseline for further discussion in RAN2.
2 Discussion
In [2], the alternative relays, including functionality partition for both the U-plane and C-plane, are discussed. If “Type 1” relay is chosen as the baseline, some alternatives could be removed. In this section, we try to indicate what should be discussed and addressed in RAN2 based on the discussion in RAN1 LTE-Advanced session.
2.1 U-plane functionality partition
As defined for “Type 1” relay, “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”. Therefore, the scheduling and HARQ should be performed in relay node, which means MAC layer should be located in relay node and it is natural that RLC is co-located with MAC in relay to support dynamic RLC PDU sizes easily. Therefore, there are three options for U-plane protocol stack partition between relay node and eNB.

2.1.1 PDCP PDU forwarding

The protocol stack for the PDCP PDU forwarding is indicated in Figure 1.
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Figure 1. Indication of PDCP PDU forwarding
When PDCP PDU is forwarded between UE, relay node and eNB, all functionalities of MAC and RLC can be settled in relay node, including scheduling, HARQ, segmentation/concatenation/resegmentation, ARQ and so on. 
2.1.2 [image: image2.wmf]UE

eNodeB

Relay

PDCP

RLC

L

1

MAC

L

2

L

1

UDP

IP

GTP

Gateway

TCP

/

UDP

IP

App

.

TCP

/

UDP

IP

App

.

L

1

L

1

RLC

PDCP

RLC

MAC

PDCP

MAC

L

1

L

1

PDCP

RLC

MAC

L

2

UDP

IP

GTP
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Figure 2. Indication of PDCP SDU forwarding

When forwarding PDCP SDU, the PDCP functionality is added to the relay, as shown in Figure 2. This means that the IP header for user data should be decompressed and compressed. Besides, the ciphering and integrity priority are also added. 
For both PDCP SDU and PDCP PDU forwarding options, S1 User plane is terminated in eNB.
2.1.3 IP Layer forwarding
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Figure 3. Indication of IP forwarding

When forwarding IP layer [3], the functionality of IP packet encapsulation for S1 interface is added to the relay. In this case, the relay is more like a complete eNB, and the donor eNB only need to forward the IP packet from relay node transparently to Serving Gateway. Overhead e.g. GTP header has to be transmitted over air interface.
Therefore, we propose RAN2 to discuss the above options of user plane partition. In our understanding, two aspects need to be considered, which are:

(1) Whether PDCP is needed in U-plane of relay node or not?

(2) Where is S1 user plane terminated, in relay node or eNB?

2.2 C-plane functionality partition
In our opinion, the main issues of C-plane would lie in the partition of RRC functionalities. And whether the S1 terminates at relay or not depend on the relation between the eNB and relay, which possibly needs discussion and decision in RAN 3. 
As indicated in 36.331, the main functionalities of RRC are as follows,

· Broadcast of system information;
· RRC connection control (including paging, establishment/modification/release of RRC connection and DRBs, radio configuration control, QoS control, etc)
· Mobility functions
· Measurement reporting and control
· …, etc

There are three options to partition the RRC functionalities:

1. Full RRC in relay node. When the RRC functionality is settled in relay node, the relay node is more like an eNB. However, the S1 interface which terminated at the eNB in LTE Rel-8, should be modified and redefined to support partial wireless S1 interface;
2. Full RRC in eNB. When the RRC functionality is totally settled in eNB, while the relay node has its own cell id, synchronization signal as well as reference signal, there might be many issues should be considered. For example, whether the relay node has its own system information and measurement control? Does the handover procedure should be modified for the hierarchical network? ...

3. Partial RRC in Relay node. When partial RRC functionalities are deployed in relay, it is necessary to decide which functionalities should be settled in relay node. According to the discussion of U-plane partition, the full MAC and RLC functionalities should be located in relay node. Therefore, it seems reasonable that at least partial RRC functionalities such as physical layer configuration, DRX configuration, HARQ/ARQ configuration are allocated to relay.
Besides, no matter the signaling is generated from relay or not, the requirements for “Type 1” relay should be fulfilled and the relay node should behave like or pretend to be an eNB from the UE side.
It seems that the full RRC in relay node or the full RRC in eNB may be easy to be implemented, whereas partial RRC e.g. radio resource configuration allocated to relay node might be efficient for the LTE-A system. 
Therefore, we propose RAN2 to discuss how to partition the RRC functionalities between relay node and eNB.
2.3 Combination of the U-plane and C-plane

When we jointly consider the options presented in section 2.1 and 2.2 together, there would be nine combinations of the U-plane and C-plane as summarized in the following table:
	
	Full RRC in relay
	Full RRC in eNB
	Partial RRC in relay

	PDCP SDU forwarding
	
	
	

	PDCP PDU forwarding
	
	
	

	IP forwarding
	
	
	


Table 1. The combination consideration for relay node

It is proposed RAN2 to discuss which combination could be adopted.
3 Conclusion
In this contribution, some options of U-plane and C-plane functionalities partition between eNB and relay node are presented for RAN2 discussion.
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