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1. Introduction
Relaying is one of the key techniques to enhance throughput and extend coverage in LTE-Advanced, which can be classified into Type I relay and Type II relay, as defined in TR 36.814. A “Type II” relay node is an in-band relaying node characterized by the following features.
· It does not have a separate Physical Cell ID and thus would not create any new cells.
· It is transparent to Release-8 UEs; a Release-8 UE is not aware of the presence of a type II relay node.
· It can transmit PDSCH.
· At least, it does not transmit CRS and PDCCH.
Based on the definition of Type II relay, it is necessary to have further discussion in RAN2 on the protocol architecture, involving in the user plane, control plane as well as the impact to the mobility, start up procedures, etc. In this contribution, we will discuss the Type II relay related issues from RAN2 perspective.
2. Discussions

2.1. User Plane forwarding
The main function of Relay node is to perform decode-and-forward operations to relay the packets between DeNB and UEs. Basically, the forwarding could be performed in multiple options, for instance, forwarding transport blocks, forwarding above MAC, etc. However, depending on the layer to perform forwarding, the complexity and impact to the current protocol may be quite different. Therefore, RAN2 should identify a user plane forwarding method with high efficiency and less impact to the current protocol stack.

Basically, the forwarding of UE U-plane traffic is supposed to be operated at least above the HARQ entities, so that HARQ can be performed hop by hop and existing HARQ functionality can be reused. In terms of the layer to perform forwarding, there are potentially four options, including forwarding above PDCP, forwarding above RLC, forwarding of MAC PDU. 

· Option 1 - Forwarding of MAC PDU

The MAC PDU toward UEs are concatenated and multiplexed at above the HARQ entities in this alternative. The HARQ can be operated hop by hop without any problems. However, it requires the size of MAC PDU over Un to be roughly equal to the accumulated length of MAC PDU received over Uu. Without the RLC’s functionality, such as segmentation & concatenation, it would restrict the scheduling flexibility and result in the decrease of the resource efficiency. In addition, MAC forwarding would make RLC operating in an end-to-end way between eNB and UE. ARQ function is missed over Uu and Un in this alternative scheme. Thus the transmission error would result in the re-transmission of both links over eNB-RN and RN-UE, which not only waste the radio resources but also introduce extra latency. 

· Option 2 - Forwarding above RLC

This alternative provides a method to forward PDCP PDUs, so the forwarding process can be simplified by bypassing encryption and header compression. RN works at RLC layer and it transparently forwards the traffic of any logical channels between eNB and UEs without any modifications. The existence of MAC and RLC could provide high link utilization with scheduling and HARQ in MAC, as well as segmentation and re-segmentation, ARQ in RLC. And this scheduling is supposed to be very limited and confined within the resource allocated by eNB to a UE.

DeNB takes full charge of RRC message processing between eNB and UE, including integrity protection and ciphering, while RN does not involve in, thus minimizing the complexity of the RN. And the processing latency can be reduced as well.

· Option 3 - Forwarding above PDCP

The alternative requires RN perform the function processing from PDCP to PHY. In order to fully reuse the existing PDCP, RLC and MAC without any modification, the data packets with similar QoS of different UEs associated to a given RN may be multiplexed in a single radio bearer over the Un interface. So the existing LTE procedures and design can be reused as much as possible. To avoid sharing the key information for the connections between UE and eNB, PDCP in RN may not performthe security-related function, e.g. integrity protection and cipering/deciphering for the forwarded data.

It is proposed to have further study on the method of U-plane forwarding protocol in terms of the above options.
2.2. RRC Partition
According to the definition of Type II relay, RN is employed to facilitate PDSCH transmission, whereas the PDCCH originates from eNB, i.e. the resource block assignment is decided by eNB. In addition, no separate Physical Cell ID for RN means that the introduction of RN has no impacts on the core network. Whether and how to put RRC functions partition in RN should be defined in RAN2 is critical, because it is quite associated with the complexity of RN implementation and performance. Two roles of RN should be taken into account. 

· Role 1, where RN is as the possible terminating node, i.e. RN is just like UE with some functions extension from the perspective of eNB, involving some procedures of RN startup, RN configurations, path management, etc. 

· Role 2, where RN is as the intermediate node involving RRC control message processing/forwarding between eNB and UE.
Here we pay more attention to Role 2. Basically, there are potentially three options.
· Option 1 - No RRC function at RN 
There are no RRC functions at RN. RN just decodes and forwards the RRC messages at layer 2 and performs the HARQ operations.  However, configuration of the L2 in the RN should to be addressed and will probably need a control protocol between DeNB and RN.
· Option 2 - Full RRC function at RN
All the RRC functions are located at RN. The UE contexts should be shared by eNB and RN. RN may have its own scheduler and allocate resource for the UEs served by RN, but it must notify eNB the corresponding resource block assignment, since PDCCH originates from eNB.
· Option 3 - Partial RRC function at RN
Partial RRC functions are located at RN when RN is as the intermediate node between eNB and UE. This option requires the RRC to split into two subsets of RRC protocols, one is located at RN and the other is at eNB. Whether and how to split RRC protocols between eNB and UE should be considered in RAN2.
2.3. UE Connection establishment
Since the UE is not aware of the existence of RN, the legacy UE connection establishment procedure could be reused from the UE perspective. However, RN may involve in UE connection establishment process to monitor the access link to help DeNB to decide whether to associate UE with RN. The simpler solution  to make UE connection establishment to the DeNB first, afterwards possibly associates to RN if RN could provide a better signal quality. It is actually a two step process, including connection establishment and the relay association. It does not have any impact to the existing UE connection establishment procedures and seems sufficient. 

2.4. UE bearer management

The bearer management includes dedicated bearer establishment, updating and release. Based on the definition of type II relay, S1 is supposed to be terminated at DeNB. DeNB has the contexts of all attached UEs and dominates the centralized scheduling. Therefore, the update of radio bearer resources could be initiated by the DeNB and RN performs forwarding the RRC messages. However, depending on the RRC function partition, RN may perform differently. And the introduced system impact and performance influence may be different. For example, in case of full RRC function at RN, the RN could initiate the radio bearer resources update as well. The behaviour of RN and DeNB during UE bearer management should be clearly defined in RAN2.

2.5. UE mobility

For those UEs in the network with Type II RN, there are two sorts of mobility scenarios to be considered. 

· Inter-DonorCell. In this scenario, a UE may perform a handover once it moves to the neighbour cell covered by a different eNB no matter whether it is associated to an RN or not. Since the source eNB/RN and target eNB/RN have different physical cell ID, it is a conventional handover process for the UE, and the same procedures could be reused from the UE perspective. RN performs the forwarding of HO signalling between DeNB and UE. Depending on the RRC function partition an RN has, the operations of RN may be different.

· Intra-DonorCell. A UE associated to an RN may move to the coverage of the DeNB or the neighboring RN in the same Donor cell. Since the DeNB is not changed, there is not any handover happened. However, the associated node of UE is possibly changed. Because of no CRS transmission from Type II RN, UE can not evaluate the quality of access link. RN may perform UL measurement to assist the selection of associated node. The measurement is the scope of RAN1. RAN2 should provide the mechanism to report the measurement results from the RN to DeNB. When to trigger the report, whether to encapsulate the report in RRC message, MAC control PDU or PHY signalling, etc.  is to be investigated in RAN2.

2.6. RN Startup

As one network element, RN needs to register itself to the network before normal operation. Since RN has a wireless backhaul, the startup procedures would be different from that of eNB with cable backhaul. Firstly the RN should initialize the air interface to attach to the network. Then the authentication should be performed as well to ensure the access to the authorized RN. This procedure should be specified by RAN2.
2.7. Radio Link Failure and Re-establishment

Radio link failure handing may involve the direct link (DeNB(UE), backhaul link (DeNB(RN) and access link (RN(UE). Since the UE is not aware of the existence of RN, UE can only monitor the radio link from DeNB, i.e. direct link. Also for UE, the same radio link failure and re-establishment procedure as the single hop scenario can be reused.  Additional mechanisms possibly between DeNB and RN may need to be discussed in RAN2. 
3. Conclusion
In this contribution, we discussed the Type II relay related issues in the aspects of user plane, control plane and some signalling procedures. It is proposed to have further discussion on the details in RAN2.
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