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1. Introduction 
Alternatives for user and control plane functionality were outlined for different types of relays [1]. We support these guidelines. However, we believe certain aspects of forwarding should not be included and certain behaviours should be included in Layer 2 (L2) relays. Specifically, “MAC PDU” and “RLC PDU” forwarding should be discouraged on the user plane and L2 relays should be allowed to have limited RRC functionality. 

2. Layer 2 Relay Functionality
2.1. User Plane Functionality
It is agreed in RAN1-56 that independent HARQ between the relay link and the access link will be adopted for LTE-A Type 1 relays [2]. Here we discuss other user plane L2 relay functionality in addition to HARQ.  For L2 relay nodes, data forwarding can occur over different layers as described as below (use the DL as an example here):

a) Transport Block level

When the relay receives a transport block (TB), it will directly forward the TB to the corresponding UE. The size of the TB remains unchanged during the forwarding and the HARQ procedure is between the eNB and the UE. 

b) MAC PDU level

When the relay receives a MAC PDU, it forwards it to the corresponding UE. The MCS will not change during the forwarding. HARQ will operate independently between the eNB and relay (relay link) and the relay and UE (access link). 

c) RLC PDU level

When the relay receives a RLC PDU, it will perform MAC multiplexing function and then forward the data to the corresponding UE. The size of the TB (and MCS) may be changed and there will be an independent HARQ on the relay link and the access link. 

d)  PDCP PDU level 
In this type of data forwarding, the relay node relies on MAC/RLC layer functionality. It can perform the segmentation/concatenation, multiplexing and ARQ functionality. The TB size can be changed and there will be an independent HARQ on the relay link and the access link. 

2.1.1. MAC/RLC Functionality 
It is agreed in RAN1-56 that independent HARQ between the relay link and access link will be adopted for Type 1 relay [2]. This implies that data forwarding can only happen on the MAC level or above where HARQ functionality resides. Specifically, the data forwarding in the relay node can be supported on the MAC PDU level, RLC PDU level, or PDCP PDU level.
One disadvantage of forwarding at the “MAC PDU” level is that it does not take advantage of the variation in channel conditions between relay link and access link. It is not allowed to change its MCS. Hence, the MAC PDU size cannot be changed when forwarded by the relay node. Since the channel conditions of the relay link and the access link may be quite different, forwarding identical-size MAC PDU will limit the scheduling gain. In addition, the forwarding of MAC PDUs would prohibit the relay from inserting and extracting its own MAC control elements into/from the access link communications. 
Forwarding over the “RLC PDU” level allows the TB size (TBS) to be changed via the multiplexing function. However, this adjustment is limited since the relay node can only perform the RLC PDU level multiplexing. It does not give the same level of freedom to adjust the transport block size (TBS) based on the channel conditions as does the RLC segmentation/concatenation function. 
We suggest that the relay node have the RLC functionality which gives the relay node the capability of segmenting or concatenating at the ARQ, i.e., the data forwarding is on the “PDCP PDU” level. The segmentation and concatenation functions can adjust the TBS based on the instantaneous channel conditions between the relay link and the access link. The independent ARQ function between the relay link and the access link may further improve the forwarding reliability. The functions of the PDCP include the IP header compression and decompression and ciphering (DL) and deciphering (UL), which are not essential functions for the relay node. So the relay node does not need the PDCP function.  The preferred protocol stack for the L2 relay U-plane is shown in Figure 1.
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Figure 1.  C-plane protocol stack between the UE and the eNB.

2.2. Control Plane Functionality 

2.2.1. Layer 2 Control Functions 

A L2 relay may include MAC control elements and control functionality. In order for the relay to efficiently schedule, perform quick adaptations such as the timing alignment adjustment and allow quick random access for UEs connected to the relay, we suggest the relay node support the MAC control functionality, which includes the MAC control elements and MAC control functions.  

The MAC control elements cover timing alignment, DRX command in the DL, the power headroom reports and buffer status reports in the UL. Loss of DRX synchronization is expected to be problematic if it occurs between the UE and eNB. Further, timing alignment should be maintained in the relay node since timing alignment over the access link should be maintained for the data exchange. 
2.2.2. Relay Radio Resource Configuration Entity 

In order to support the user-plane operations such as scheduling and HARQ, we propose a new control function in the relay. For convenience we will call it the Relay Radio Resource Configuration Entity (RRRCE). This will comprise only a limited set of a R8 RRC functions. 
Here is a simple scenario highlighting its usage. AMC and HARQ are in principle supported on the access link when forwarding is on the PDCP PDU level, which means that the CQI/PMI feedback and the HARQ feedback resources must be allocated on the access link. This lower layer resource allocation/reconfiguration generally is handled by RRC functionality. Hence, limited RRC functionality in the relay is needed. 

In effect, the RRRCE is a mechanism that allows the relay to have certain link management responsibilities that would conceivably be done by the eNB. The eNB would provide configuration and scheduling guidelines and distribute some of the control details to the RNs. The RRRCE should receive control information from the eNB and configures the corresponding functions in the RN accordingly. It may also feedback average buffer status to the eNB to facilitate better flow control in the RN. 
In particular, the RRRCE receives the resource configuration information from the eNB which may pertain to PDSCH, PUSCH and PDCCH resources for scheduling over the access link [7-8]. It could also include per-UE uplink PUCCH, SRS and SR configuration for the access link and possible dedicated preamble for the relay node initial access. It will also receive the MAC/RLC layer configuration information from the eNB as well as the configuration information for the scheduler. 
Another possible function of the RRRCE is to avoid overflow of the RLC buffer in the relay node. The relay node may feedback the average buffer status of the access link to the eNB. Therefore, when the relay link offers much higher link throughput than the access link, the relay node will notify the eNB to reduce the downlink backhaul transmission to prevent the buffer overflow at the relay node. The protocol stacks on the control plane for the relay link and the access link are illustrated in the Figure 2 and 3.
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Figure 2.  C-plane protocol stack between the UE and the eNB.
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Figure 3. RRRCE function 
3.  Conclusions
Layer2 relay functionality was discussed. On the user-plane, we prefer the relay node with full scheduling function and the RLC/MAC layers to be fully implemented. On the control plane, we prefer to keep most MAC control elements and MAC control functions in the relay node. Furthermore we propose to have a new function Relay Radio Resource Configuration Entity (RRRCE) in the relay node to support the relevant relay data forwarding operations. 
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