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1. Introduction
At RAN1-56bis Type II relay has been specified and supported as part of LTE-A relay technologies. In [1] a description of Type II relay has been finalized and it includes the following main points:
· Type II relay should not have a separate cell ID and thus would not create any new cell(s)

· The type II relay should be able to relay also to/from release 8 UEs 

· At least a release 8 UE should not be aware of the presence of a type II relay

· Transparency also for release >8 UEs is preferred

A more comprehensive analysis and some system design frameworks to support Type II relay operation is proposed in [2]. This contribution introduces Type II relay definitions and focuses on some RAN2 aspects of Type II relays.

2. Characteristic of Type II Relay
The Relay Nodes relay the information between the eNodeB and the UEs through two wireless links, eNB-RN and RN-UE, as shown in Figure 1. The complexity of Relay Node functionalities depend on the type of relay.  
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For Type I relay, the relay node has its own physical cell ID.  The relay node creates its own cell and coverage area as shown in Figure 1.  
Type II relay is characterized by relaying information implicitly to the UE since the relay node does not have its own physical cell ID.  Two categories of relay Type II can be distinguished: non-cooperative relay with the main purpose of extending range of coverage area and cooperative relay which allows throughput performance enhancement at the cell edge.  
2.1 Cooperative Type II Relay Operation
The cooperative Type II relay is to coordinate Tx/Rx between eNodeB and Relay Node to maximize the performance in both uplink and downlink.  In order to have full cooperation in Tx/Rx, the UE should be able to receive the control channels from eNode B all the time.   Thus, the Relay Nodes have overlapped coverage area with some part of eNodeB coverage area in Type II cooperative relay as shown in Figure 2.  The eNodeB and the Relay Node would have collaborative transmission and reception in the overlap coverage area.  The objective of cooperative Type II relay is to improve the DL and UL spectrum efficiency through cooperative Tx and Rx between the Relay Node and eNodeB.  
The difference between Cooperative Type II and Type I relays is the coverage area as shown in Figure 1 and Figure 2.   Type I relay in Figure 1 shows that the relay nodes locate at the boundary of the donor eNodeB and have their own coverage area.  The UE needs to perform handover procedure when it moves cross the coverage area between donor eNodeB and the relay node or between two relay nodes. Since the Relay Node coverage area is part of eNodeB in cooperative Type II relay, there is no additional procedure required for the UE when a UE moves between the coverage area by eNodeB only and the overlapped coverage area.  In cooperative Type II relay, it requires the coordination between the eNodeB and the Relay Node to detect if the UE is in the overlapped coverage area.  Further coordination in DL transmission and UL reception are required for performance improvement in the overlapped area.
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Figure 2: Coverage area of Cooperative Type II Relay for enhancing cell edge throughput
2.2 Non-Cooperative Type II Relay Operation

The non-cooperative Type II relay has the Relay Node to relay the information without joint transmission or reception between the donor eNodeB and the UE. The non-cooperative Type II relay is designed to extend the coverage to the dead spot area, where the UE could not receive the eNodeB signals all the time.  The Relay Node is designed to have almost disjointed coverage area to that of the donor eNodeB. Since Type II relay does not have its own cell ID, the UE will consider the Relay Node as the eNodeB and could not distinct the difference between them.  The Relay Node is considered as a slave to the eNodeB and to have functions similar to the eNodeB.   

In comparison with Type I relay, the non-cooperative Type II relay provides implicit coverage extension feature without cell planning and handover support.  Since the relay node intends to extend the coverage outside the eNodeB coverage area in non-cooperative Type II relay, the Relay Node would receive the DL information from the eNode B and pass it to the UE.  The Relay Node would also receive and decode the UL information from the UE and pass it to the eNodeB.  


[image: image3]
Figure 3: Coverage area of non-cooperative Type II Relay for coverage extension

2.3 Protocol considerations
The eNB-RN link in Type I relay is considered as the wireless backhauling and new U- and C-plane protocols of eNB-RN interface need to be defined to data transport and control signaling. The RN-UE interface in Type I relay is exactly the same as the air interface protocol of current Rel-8 eNB-UE interface since the Relay Node is considered as a separated cell with its own physical cell ID. 

For Type II relay UP several options for the relay protocol stack would be possible. In the following section we assume that the forwarding will be performed at least after HARQ operation. As a consequence a coordinated HARQ operations are performed between eNB and RN and between UE and RN. 

The presence of other MAC functions such as multiplexing/demultiplexing and RLC/PDCP layers may also be considered. The presence of RLC would allow segmentation/concatenation and better link adaptation especially in case of coverage extension, while in case of cooperative relay would be too difficult to coordinate segmentation/concatenation across different nodes. However the benefits of introducing further functions should take into account the additional required complexity, delay and increasing cost. 

A new C-Plane has to be specified on the eNB-RN interface. In case of cooperative relay all information for coordination of mobility detection, DL transmission and UL reception need to be exchanged between eNB and RN. The resource allocation for the eNB-RN control signaling could be pre-configured or access on demand for efficient signaling control. The data and control information forwarding in non-cooperative relay also relies on the new C-plane protocol for communication between the eNB and the RN.  
3. Scheduling and HARQ operation 

3.1 Cooperative Type II Relay
Cooperative Type II relay requires coordination between the eNodeB and Relay Node in system configuration, operation, resource allocation to optimize the system performance.  The coordination includes the UE mobility detection, DL transmission and UL reception in [2]. 
For cooperative Type II relay, the DL/UL schedulers locate at the eNodeB only.  There is no scheduler at the Relay Node.  In order to have cooperative transmission, all parameters in the DCI formats in PDCCH need to be communicated from the eNodeB to the Relay Node in advance before the scheduled transmission.  
The proposed configuration of the DL control channels for cooperative Type II relay is to transmit the synchronization channels, PBCH, PDCCH, and PHICH from the eNodeB only and no transmission from the Relay Node.  The UE would access the DL control channel same as non-existence of the Relay Node in cooperative Type II relay.  The proposed configuration simplifies the coordination of DL access control and support Rel-8 UE implicitly.  In this configuration, it does not require the configuration of MBSFN subframes for faking no transmission for relay node reception from the eNodeB, which is required in Type I relay.   
3.1.1 DL HARQ processing and Timing

The HARQ operation in cooperative Type II Relay is a decode-and-forward operation.  The eNB performs the 1st DL HARQ transmission.  Both the Relay Node and UE receive the 1st transmission packet.  The cooperative Type II decode-and-forward scheme is designed to allow the Relay node to decode the 1st transmission correctly by taking advantage of the superior and static radio channel condition in the eNB-RN link. The Relay Node will send an ACK back to the eNodeB through the dedicated eNB-RN control signaling.  The design of the MCS selection in cooperative Type II relay is based on the CSI of RN-UE link.  Thus, the eNodeB could assist the UE in the retransmission if the UE does not decode the 1st HARQ transmission successfully.  The UE will send a NAK back to both the Relay Node and the eNodeB as shown in Figure 4.  Thus, the Relay Node will re-encode the packet and send to the UE.  In the mean time, the eNodeB will send the retransmission packet to the UE.  The UE will have superposition of retransmission packets from the eNodeB and the Relay Node.  Since the resource allocation and scheduling decision is primarily based on CSI of RN-UE link, the probability of successful decoding of the retransmission packets in the HARQ decoding is much higher.  Thus, the UE would terminate the HARQ decoding earlier and obtain the early termination gain in the cooperative Type II relay.  

[image: image4.emf]1 2 4 3 5 6 7 9 10 12 11 13 0 8

eNB

RN

UE

1st Tx

1

st

 Tx

NAK

NAK

A

C

K

2nd Tx

Decode & Forward

2nd Tx

1 2 4 3 5 6 7 9 10 12 11 13 0 8

1 2 4 3 5 6 7 9 10 12 11 13 0 8

ACK

ACK


Figure 4: DL HARQ timing in cooperative Type II Relay
3.1.2 UL HARQ processing and Timing

The UL HARQ operation in cooperative Type II Relay targets the Relay Node to decode the UL transmission successfully first and then forward or compress-and-forward to the eNode B.   The eNodeB and the Relay Node receive 1st UL HARQ transmission and perform the decoding in the same time.  The cooperative Type II relay is designed for the Relay Node to decode the packet successfully before that at the eNodeB.  The Relay Node will send the ACK through the control channel of eNB-RN link.  Since the eNodeB needs to send the ACK/NAK feedback at the subframe 4 ms after the reception of the UL packet, the eNodeB has to send the NAK to the UE and the Relay Node send an ACK back to the eNodeB in the same time as shown in Figure 5.  The UE will retransmit after receiving the NAK.  It will then receive the ACK later since the eNodeB has received correct data from the Relay Node a few subframes beforehand in Figure 5.

The example in Figure 5 shows that the Relay Node decodes the packet successfully and forwards it to the eNodeB afterward.  If the Relay Node does not decode correctly, the Relay Node could also forward the channel compensated soft bits to the eNodeB for the IR combining of next retransmission. This will also help the eNodeB to early terminate the HARQ operations. The proposed scheme is considered as progressive decoding in the cooperative Type II Relay.
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Figure 5: UL HARQ timing in Cooperative Type II Relay 

3.2 Non-Cooperative Type II Relay Operation

There is no coordination required between the donor eNodeB and the Relay Nodes in non-cooperative Type II relay since each has its own coverage area.  The information exchange between the donor eNodeB and the Relay Nodes is required for effective system operation.  Since the Relay Node has its own coverage area in non-cooperative Type II relay, all the control channels information and reference signal need to be configured at the Relay Node as well. No coordination of the transmission power is needed.  
The DL/UL schedulers locate at the eNodeB only for Type II Relay.  There is no scheduler at the Relay Node.  The eNodeB needs to pass the scheduling decision and resource allocation for the UE under the Relay Node coverage through the control channel of eNB-RN interface at least one subframe advance in time.  The eNodeB and the Relay Node will transmit the PDCCH in the same time for all the UE to receive it.  

In non-cooperative Type II relay, the Relay Node intends to extend the coverage outside the eNodeB coverage area. The UE will not be able to receive the signals from the eNodeB all the time.  Thus, the DL access control, which includes the configuration of synchronization channels, PBCH, PDCCH, and PHICH, should be transmitted from both the donor eNodeB and the Relay Node. 
3.2.1 DL HARQ processing and Timing

The DL HARQ operation in non-cooperative Type II Relay is a forward-then-transmit operation.  The eNodeB would send the packet to the Relay Node advance in time through U-plane protocol of eNB-RN link before the 1st DL HARQ transmission. The Relay Node will send an ACK back to the eNodeB through the control channel of eNB-RN once it decodes the packet correctly. The eNodeB will forward the scheduling decision advance in time to the Relay Node before the 1st DL HARQ transmission.  The Relay Node and the eNodeB will send out the 1st DL HARQ transmission once the scheduling information and time is received.  The UE will send either ACK or NAK back to both the Relay Node and the eNodeB as shown in Figure 6.  Since the Relay Node has the packet, the retransmission could be performed anytime once the eNodeB forwards the scheduling decision and resource allocation information to the Relay Node as shown in Figure 6.  Since the UE might not hear the eNodeB all the time, the UE is primarily served by the Relay Node for all data transmission and ACK/NAK feedback.  
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Figure 6: DL HARQ timing in the non-cooperative Type II Relay
3.2.2 UL HARQ processing and Timing

The UL HARQ operation in non-cooperative Type II Relay relies on the Relay Node to decode the UL transmission successfully and then forward or compress-and-forward to the eNode B similar to that in cooperative Type II relay. The eNodeB might not receive 1st UL HARQ transmission and perform the decoding in the same time.  The non-cooperative Type II relay relies heavily on the Relay Node to decode the packet successfully.  The Relay Node will send the ACK through the control channel of eNB-RN link.  The Relay Node will also send an ACK to the UE through PHICH as shown in Figure 7.
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Figure 7: UL HARQ timing in non-cooperative Type II Relay 
4. Conclusion

An overview of Type II Relay with focus on HARQ operations has been provided. Key aspects of Type II Relay, which is characterized by not having its own physical cell ID, have been analysed taking into account both categories of relays - cooperative and non-cooperative relay.  
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