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1 Introduction

So far, RAN1 has considered two types of Relay Node (RN) for further investigation. Assuming that an RN is not just an automated signal repeater, it should be considered how L1/L2 control information can be delivered from the donor eNB to RN(s). This document identifies and discusses some of the relevant issues particularly addressing the case of a Type 1 Relay.
2 Terminology

In recent contributions, sometimes the abbreviation R-PDCCH (and the like) has been employed to refer to the control channel that is transmitted from the eNB to the RN. However, we feel it is preferable to differentiate more clearly between the PDCCH that is transmitted from eNB to RN and the PDCCH that is transmitted from RN to UE or from eNB to UE. Generally, for the link between eNB and RN the term “backhaul” has been adopted, while “access” is used to refer to the link terminating at the UE. Therefore, we will further use and propose to adopt the following terminology:
· A-PDCCH (“Access-link PDCCH”)
This is transmitted from eNB when a UE is addressed within the donor cell (hence “d-UE”), and also from RN when a UE is addressed within the relay cell (hence r-UE). The PDCCH as defined in Release 8 would therefore be considered as A-PDCCH.

· B-PDCCH (“Backhaul-link PDCCH”)
This is transmitted from the donor eNB when an attached RN is addressed.

The following figure should clarify the terminology employed.


[image: image1.emf]do

n

o

r 

ce

l

l

re

la

y

 

c

e

l

l

eNB

(donor)

RN

d-UE

r-UE

A

-P

DC

CH

, A

-PD

SC

H, 

...

A

-PU

C

CH

, A

-PU

SC

H

B

-

P

D

C

C

H

,

 

B

-

P

D

S

C

H

,

 

.

.

.

B

-

P

U

C

C

H

,

 

B

-

P

U

S

C

H

A-

PD

CC

H, 

A-P

DS

CH

, ..

.

A-P

UC

C

H, 

A-P

US

CH


Fig 1: Relation among nodes and multiple control channels

3 Discussion
In [1], it has been captured that a Type 1 relay is an inband node, i.e. the donor eNB to relay link (= backhaul link) shares the same band with donor eNB to d-UE links. Furthermore, we assume that Rel-8 UEs should be able to connect to the donor eNB as well as to the RN.
3.1 Allocation method of backhaul UL and DL resources

From the traffic point of view, as the number of r-UEs increases, the backhaul traffic between the donor eNB and a single RN is less fluctuating than the traffic between an eNB and a d-UE due to the statistical multiplexing effect [5]. Consequently, it may be possible to simplify the dynamics of the resource allocation for the backhaul link. Currently, we consider the following possibilities:

· Dynamic resource allocation
This is a simple extension to the Release 8 mechanism. It could be further studied if the whole range of DL DCI formats (1X, 2X) is required or a subset may be sufficient. Of course, extensions to these formats to include Release 10 improvements should not be prohibited
· Semi-static resource allocation
This may build up on the existing Release 8 semi-persistent scheduling possibility
· Static resource allocation
Such an allocation may be designated by the specification or by e.g. broadcast information (SIBx)

In our view, a static resource allocation is too inflexible. Dynamic resource allocation gives the greatest flexibility, however we should further study if and when such a flexibility is needed. At first glance, we think that when we consider a relay node with relatively small transmission power, there may not be too many UEs attached to the RN. Consequently, the fluctuation of eNB <-> RN traffic is still highly correlated to the traffic statistics of a r‑UE. This means that the statistical multiplexing effect is not very pronounced, so that static and perhaps even semi-static resource allocations – particularly in the uplink – would be inefficient. Therefore we think that RAN1 should focus on dynamic and semi-static resource allocation methods. 

Whether both dynamic or semi-static allocations will be allowed or not, we assume that one B-PDCCH indicates UL or DL resources on the backhaul link, and both UL B-PDCCH and DL B-PDCCH should be independent from each other. We should also be able to deploy multiple RNs attached to the same donor eNB. Therefore the fundamental situation is not very different from the Release 8 case between eNB and UEs.
We can start the discussion from the control structure used in Release 8, i.e. PCFICH, PHICH, PDCCH for the access link are adapted to their backhaul counterparts B-PCFICH, B-PHICH, B-PDCCH, so that B-PCFICH carries information on the size of the backhaul control region, B-PHICH carries ACK/NACK for UL-B-PUSCH transmissions, and B-PDCCH carries DCI for UL and DL backhaul. Future studies may simplify these or render them partially or fully unnecessary. Likewise, our starting assumption should be that the B-PDCCH is transmitted using B-CCEs that are mapped within the backhaul control region, where the RN uses blind decoding methods to discover its assignments. Whether there need to be restrictions on the search space in this case should be studied further. How the backhaul control region is mapped to the physical resources is discussed hereafter.
3.2 Transmission timing alignment between donor eNB and RN
In order to support a link between a Type 1 RN and Release 8 UEs, to use MBSFN subframes to maintain connectivity has been agreed [1]. Therefor the RN has to transmit the A-PDCCH in the first two OFDM symbols, then it has to switch to reception for the (almost whole) remainder of the subframe, before switching back to transmit mode in time before the first OFDM symbol of the following subframe is due.
Two timing alignment options are shown in figure 2. Option 1 is where the donor eNB and RN are aligned with absolute timing. Option 2 is where the RN subframe timing is aligned to the reception from the eNB, i.e. including the propagation delay. Note that if we assume a 50 km distance between eNB and RN, the propagation delay amounts to 0.167 ms.

Option 1 has the merit to have possibility of Joint Processing including Dynamic cell selection RNs and eNB. Depending on the detailed deployment scenario the actual reception length of the backhaul can be reduced. To achieve such an alignment, Option 1 may require an external synchronization source like GPS.

Option 2 implies the subframe timing among RNs attached to the same donor eNB could be different depending on the propagation delay but the useful part of the backhaul subframe length may be less restricted than in Option 1. 
Joint Processing would not be suitable but coordinated scheduling/beamforming would not have the problem from CoMP perspective. Option 2 may not require an external synchronisation source as the reception timing can be sufficient.
The employed or permitted option(s) may differentiate the operational flexibility and potential cost of relay nodes. We need further discussion of these options.
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Fig 2: Two options of the transmission subframe alignment

3.3 Placement of Backhaul Control Channel in the T/F-Grid

In release 8, to reduce the latency and processing / buffering demands on the UE side, the control channel region is always placed within the first {1, 2, 3} OFDM symbols of a subframe. Since we envision that the complexity requirement on a relay node can be relaxed compared to a UE, we think that we should not preclude the mapping of the backhaul control region in later parts of a subframe. Such a structure would be useful especially in option 1. Examples have already been proposed as FDM or TDM+FDM solutions in [3][4]. There are other pros and cons for the difference of the mapping on FDM or TDM+FDM. We should continue the discussion.
For the frequency-domain placement of the backhaul control channel region, it has been discussed [2] that the central part of the bandwidth is preferred since it will support relay nodes with a small bandwidth well below 20 MHz. Although we need further discussion whether RN are going to be specified by RN classes similar to UEs or are to be specified with flexibility on the implementation options similar to eNBs, we think it is important to assume that each RN supports the reception of the donor cell bandwidth, at least with respect to a single component carrier. If the RN only supports a specific part of the bandwidth, the frequency diversity gain is restricted. For the control channel and delay sensitive traffic, to have a sufficient amount of frequency diversity is critical to the system operation. In addition, as the release 8 UEs are mandated to support a 20 MHz operation, we don't see the incentive to reduce the reception bandwidth for RNs to less than 20MHz. Therefore, we propose to assume that RNs support the reception of the donor cell bandwidth.
3.4 Resource allocation restrictions on the Backhaul DCI

While the backhaul control channel region may be restricted to a limited number of T/F resources in a subframe, we think at the present stage there should be no intrinsic limitations on the allowable set or methods of allocating resources by means of B-DCI beyond what is restricted in Release 8. Specifically, a B-PDCCH should be able to allocate resources for a relay node just as for a release 10 UE, i.e. anywhere in the spectrum, and not just in a reserved region. On the other hand, it may turn out that some of the restrictions of Release 8 may even be lifted for the backhaul, particularly for the UL allocations to allow multiple-island resource allocations for a given RN.

4 Summary

· Terminology: We propose to use B-PDCCH etc. to designate the control channel transmitted on the backhaul link, and A-PDCCH etc. to designate the control channel transmitted on the access link (see Figure 1)
· RAN1 should focus on dynamic and semi-static resource allocation methods for the backhaul resources
· Discussion on the logical control structure for the backhaul should start with the approach used in Release 8, i.e. PCFICH, PHICH, PDCCH are adapted to their backhaul counterparts B-PCFICH, B-PHICH, B-PDCCH, which are to be studied further
· The transmission timing alignment between donor eNB and attached RN should be studied further, considering operation and cost

· The relay node operation should support reception of the donor cell bandwidth
· Mapping of the B-PDCCH in frequency domain should consider frequency diversity

· The B-PDCCH should be able to allocate resources anywhere in the donor cell bandwidth
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