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1. Introduction
  At RAN1 #58, a text proposal for type-2 RN(Relay Node) was approved based on [1]. According to the approved text proposal, the fundamentals of type-2 RN are as follows:

· Type-2 relay does not have a separate Physical Cell ID and thus would not create any new cells

· Type-2 relay is transparent to Rel-8 UEs; a Rel-8 UE is not aware of the presence of a type 2 relay node 

· Type-2 relay can transmit PDSCH.

· At least, Type-2 relay does not transmit CRS and PDCCH.
    Those fundamentals indicate that type-2 RN depends on donor eNB about its RRM (Radio Resource Management). Donor eNB needs to perform RRM for relay-UE (UE that receives data via RN), and share RRM information and user data with the RN via backhaul link in advance of RN’s transmission. Especially in non-cooperative operation, this backhaul traffic wastes system resources because it is not for transmitting data to UE. This contribution proposes several ways about design of backhaul traffic to save the amount of resources.
2. Design of backhaul link data
    This contribution proposes three alternatives for reducing the amount of backhaul traffic as follows:
(1) Synchronous H-ARQ

(2) SPS-like scheme

(3) Dynamic allocation with low overhead

2.1. Synchronous H-ARQ
The simplest way for minimizing backhaul traffic is to apply synchronous H-ARQ. In this case, donor eNB configures the cycle of H-ARQ in advance, and transmits the timing and RB only for first H-ARQ transmission at access link. RN can identify the re-transmission timing from configured cycle. RB for re-transmission can be same as first transmission, or eNB may configure the pre-fixed RB hopping pattern simultaneously with H-ARQ cycle. Thus, donor eNB does not need to transmit any backhaul data on re-transmission. Donor eNB can configure these parameters (H-ARQ cycle, and hopping pattern if needed) by adding new field to SystemInformationBlockType2 message [2].
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Figure 1: Synchronous H-ARQ method
2.2. SPS-like method
    SPS (Semi Persistent Scheduling) is another effective concept to reduce backhaul traffic. RN can identify the timing and RB for re-transmission by itself when donor eNB assigns a set of RBs for each H-ARQ re-transmission in advance. However, SPS scheme in Rel-8 can not be simply applied for such operation because UE flushes its buffer when it receives new SPS packet of same H-ARQ process [3]. Thus, this contribution proposes modified SPS method, BPRA (Bundled Periodic Resource Allocation). The procedure of BPRA is almost same as SPS:
1. eNB configures BPRA with UE over message similar as SPS-Config in Rel-8. It contains at least cycle of RB assignment and maximum number of H-ARQ re-transmission. RN can share that information with eNB via backhaul link or by overhearing the message

2. eNB transmits backhaul data to RN in advance that contains DCI of first H-ARQ transmission and user data for configured UE

3. eNB transmits PDCCH that indicates BPRA activation with same structure as SPS. eNB does not need to transmit PDCCH on re-transmission.
4. eNB and RN release the rest of resources when UE reports ACK.
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Figure 2: SPS-like method (Bundled Periodic Resource Allocation)
2.3. Dynamic Allocation with low overhead
    Synchronous H-ARQ and BPRA can reduce backhaul traffic, but restricts the resource (timing and/or RB) for re-transmission, which possibly degrades performance of H-ARQ. On the other hand, dynamic resource allocation expects better performance with more backhaul traffic. Thus, this contribution discusses about overhead reduction scheme at dynamic allocation.
2.3.1. Packet aggregation within a relay
    Figure 3-a) shows the simplest structure of dynamic allocation. In this case, donor eNB constructs a backhaul packet with access link information (TT (Transmission Timing), DCI, and user data) for each relay-UE. This method is applicable for cooperative transmission because UE can receive backhaul data directly when TT information is separated from DCI/data.
    At non-cooperative transmission, donor eNB can reduce backhaul traffic by packet bundling [4]. In this case, donor eNB bundles access link information (TT+DCI+data) of all UEs belongs to same RN. Donor eNB can save more resource for backhaul data by transmitting it with MCS optimized for backhaul link.
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Figure 3: Dynamic Resource Allocation with Packet Bundling
    However, donor eNB needs to have precise information about serving RN for each relay-UE in these methods. In addition, to support inter-relay (hard/soft) handover to improve the performance of UEs at “relay edge” or passing through multiple relays, donor eNB wastes the resource of backhaul link by transmitting same access link information (TT+DCI+data) to each RN that joins handover. Such handover problem happens more frequently according to the increment of RN’s density.
2.3.2. Packet aggregation over multiple RNs with common RNTI
    As a solution for handover problem in previous case, this contribution proposes to assign common ID to RNs belong to same donor eNB. Figure 4 shows an example of the system with two relays belong to one donor eNB. Donor eNB bundles all access link information for relay-UEs and transmits it to all RNs with common ID (RNTI), and each RN serves relay-UEs according to received information. In this case, donor eNB can automatically realize handover situation because relay-UE is served from multiple RNs.
    Donor eNB can improve power efficiency when each RN selects its destination relay-UEs out of all relay-UEs. For example, RN can select relay-UEs close to that RN by measuring the received power of uplink signal from that relay-UE. In LTE system, RN can overhear SRS (Sounding Reference Signal) for this purpose. Donor eNB still does not need to aware of handover in this case.
    As another alternative, donor eNB can make groups with subset of belonging RNs instead of clustering all RNs to one group, and assign common RNTI to each group. For example, the group can be constructed with RNs geographically close to each other. This alternative can improve efficiency of H-ARQ attempt in backhaul link because the channel quality would be similar among RNs close to each other. However, this alternative might waste the resource of backhaul link when relay-UE on the “group edge” requires handover. 
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Figure 4: Dynamic Resource Allocation with Packet Bundling and Common ID Transmission
3. Conclusion
    This contribution proposed three alternatives for reducing amount of traffic in backhaul link. 
1) Synchronous H-ARQ
2) SPS-like scheme
3) Dynamic allocation with low overhead

a) Packet aggregation within a relay for non-cooperative transmission

b) Packet aggregation over multiple relays with common ID (RNTI)

This contribution concludes 3)-b) is the best in these four alternatives because of flexible resource allocation and efficient support of handover. However, further discussion will be needed because it depends on the priority between the complexity, performance, backwards compatibility, etc.
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