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1. Introduction
In TR36.814, Type 1 relay node has been agreed as a part of LTE-Advanced [1]. It is an inband relaying node characterized by the following:

-
It control cells, each of which appears to a UE as a separate cell distinct from the donor cell

-
The cells shall have their 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 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
    As described in fourth bullet, at least Rel-8 UEs do not distinguish DeNB and Type 1 RN. Thus, Rel-8 UE compares the quality of direct (DeNB-UE) link with access (RN-UE) link when it performs Rel-8 cell selection and/or reselection. However, Rel-8 scheme possibly degrades overall spectral efficiency because data transmission via access link actually requires radio resources on backhaul (DeNB-RN) link. This contribution proposes cell selection/reselection scheme which takes backhaul link quality into consideration.
2. Issues on Rel-8 scheme in Type 1 Relay System
    In Rel-8, UE performs initial cell selection by evaluating
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation [2]
where Qrxlevmeas is RSRP (Reference Signal Received Power) about corresponding cell, and Qrxlevmin and Qrxlevminoffset are signalled via SystemInformationBlockType1 [3]. Pcompensation is calculated from PEMAX_H in SystemInformationBlockType1 and PPowerClass defined in [4]. Because RSRP is measured from CRS (Cell-specific Reference Signal), this scheme selects the cell by comparing direct link and access link, without considering wireless backhaul link between DeNB and Type 1 Relay.
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Figure 1: Rel-8 cell selection in Type 1 Relay System
  However, RN needs to receive corresponding data for the UE via backhaul link in advance of utilizing access link. Thus, when UE measured similar RSRP from DeNB and RN, possibly it’s better to select DeNB even if its RSRP is slightly worse than that of RN, from overall spectral efficiency point of view. The same issue would occur in cell reselection [2] as discussed in [5]. Similar discussion for handover was made in [6].
  Thus, this contribution proposes to take backhaul link quality into account at cell selection / reselection in Type 1 Relay System.

Proposal 1: In Type 1 Relay System, backhaul link quality should be taken into account at cell selection / reselection.
3. Possible solution for cell selection in Type 1 Relay System

As a possible solution, this contribution proposes to apply additional offset parameters for RSRP to consider overall link quality. For example, modify the criterion for initial cell selection as
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset + Qrxlevminoffset_backhaul) – Pcompensation
where Qrxlevminoffset_backhaul is additional offset value signalled via SystemInformationBlockType1. RN sets Qrxlevminoffset_backhaul from its backhaul link quality. eNB can treat its backhaul link quality as infinity.
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Figure 2: Proposed cell selection in Type 1 Relay System
  Similarly, criteria for cell reselection would be
Rs = Qmeas,s + QHyst + QHyst_backhaul
Rn = Qmeas,n - Qoffset ​+ Qoffset_backhaul
where QHyst_backhaul and Qoffset_backhaul are additional offset value signalled via SystemInformationBlockType3 and SystemInformationBlockType4, respectively. For Qoffset_backhaul, RN should feedback its backhaul link quality to its DeNB and to neighbour eNBs/ RNs via DeNB.










Proposal 2: Additional offset parameters to reflect backhaul link quality should be introduced in SystemInformationBlockType1/2/4.

4. Conclusion
    This contribution discusses the issue of cell selection / reselection in Type 1 Relay System and proposed possible solution. In conclusion, following proposals were made:
Proposal 1: In Type 1 Relay System, backhaul link quality should be taken into account at cell selection / reselection.
Proposal 2: Additional offset parameters to reflect backhaul link quality should be introduced in SystemInformationBlockType1/2/4.
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