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1
Introduction

Relays provide an attractive means of augmenting network coverage and capacity in LTE-A. Support of Type I relaying for LTE-A has been agreed in [1]. A Type I relay has its own PCI and is visible to UEs essentially as an independent eNB. An LTE Rel 8 UE, in particular, is unable to differentiate between a Type I relay and an independent eNB. 

A framework for the backhaul structure of a Type I relay was agreed in [2]. We explore further details of the backhaul link structure in this document.
2
Discussion
2.1


Control channel for relay backhaul link
It was agreed in [2] that a new physical control channel, referred to as R-PDCCH, is used by the donor eNB to dynamically or semi-persistently assign resources for DL as well as UL data (referred to as R-PDSCH and R-PUSCH respectively). It was further agreed that the R-PDCCH is:

· transmitted on a subset of the PRBs of the subframes assigned for the downlink backhaul link.
· transmitted on a subset of the OFDM symbols of the subframes assigned for the downlink backhaul link. This subset of OFDM symbols may include the full set of OFDM symbols available for the backhaul link.
· transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
· used to assign downlink resources in the same subframe and/or in one or more later subframes.
· used to assign uplink resources in one or more later subframes.
It can be seen from the above TP that there are several ways of multiplexing the R-PDCCH within a DL backhaul subframe. In particular, we can think of three broad approaches:

1) FDM multiplexing: In this approach, the R-PDCCH occupies a few PRBs within the subframe allocated to the backhaul link. Further, the R-PDCCH spans all the OFDM symbols monitored by the relay node within these PRBs (the relay node is unable to monitor the first few OFDM symbols since it has to transmit the PDCCH on the access link). This approach allows for the maximum flexibility to multiplex the R-PDCCH together with data intended for the relay node (R-PDSCH) as well as for Rel-8 and LTE-A UEs. Further, since both R-PDCCH as well as all data transmission (i.e., R-PDSCH as well as PDSCH transmissions intended for macro UEs) is in units of PRBs,  this approach allows us to reuse the LTE-A DRS structure currently being designed in the CoMP context. This approach does not permit the use of micro-sleep; however this is probably not an inportant feature in the context of relay nodes. 
2) TDM multiplexing: In this approach, the R-PDCCH occupies a few OFDM symbols towards the beginning of the subframe (after the OFDM symbols occupied by the regular PDCCH channel). The main disadvantage of this approach is that it does not allow any Rel 8 UEs to be scheduled in this subframe. Further, even LTE-A UEs will only have partial PRBs available for their use, which will therefore require the design of new DRS patterns for such a configuration.
3) Mixed FDM/TDM multiplexing: This approach is a hybrid between the above two approaches, in which the R-PDCCH occupies only a subset of the total PRBs in a subframe; and only a subset of the OFDM symbols within those PRBs. This approach allows partial flexibility to schedule Rel 8 UEs within the subframe. However, it also requires the design of new DRS patterns tailored to the partial PRBs used both for R-PDCCH as well as for R-PDSCH or PDSCH transmissions utilizing the remaining portion of the PRBs. 
Based on the above discussion, we recommend the use of FDM multiplexing (i.e., the use of complete PRBs) for transmitting the R-PDCCH. 

2.2

HARQ structure for the backhaul link
It is currently assumed that Type I relays configure MBSFN subframes in order to receive DL communications from the donor eNB. The configuration of MBSFN subframes is constrained by the fact that 4 out of 10 subframes in each radio frame (namely subframes 0, 4, 5 and 9) cannot be configured as MBSFN subframes. This implies that the relay node cannot receive DL communication, including acknowledgement information for UL traffic (i.e., PHICH), in these subframes. Since UL traffic in Rel 8 LTE uses synchronous HARQ with 8ms periodicity, while the mandatory non-MBSFN subframes (i.e., subframes 0, 4, 5 and 9) occur with 10ms periodicity, the relay node is unable to receive PHICHfrom the donor eNB in 40% of the subframes in every HARQ process.

Possible solutions to mitigate this problem include:

1) Modification of HARQ timeline on the backhaul link: This can include changing the delay between grants (R-PDCCH) and UL data transmission (R-PUSCH) as well as changing the delay between UL data transmission (R-PUSCH) and the corresponding acknowledgement (R-PHICH). Further, the delay can be made adaptive to the configured subframe partitioning (both DL and UL) between backhaul and access links.

2) Reduction in the number of measurement/paging subframes: Reducing the number of mandatory non-MBSFN subframes to 2 (i.e., only subframes 0 and 5) instead of 4 correspondingly reduces the set of subframes in which the relay is unable to listen to PHICH from the eNB. It was shown in [3-6] that reducing the number of measurement/paging subframes to 2 has minimal performance impact. One thing to note, however, is that the performance advantage from the reduction in the number of measurement/paging subframes will not be available in a deployment containing Rel 8 UEs. 
3
Conclusions
We have provided our views on the backhaul link design for relay nodes in this document. In particular, we propose the following: 

1) FDM multiplexing is the preferred means for multiplexing the backhaul control channel, also referred to as R-PDCCH. FDM multiplexing provides the maximum flexibility in terms of scheduling Rel 8 UEs in the same subframe together with R-PDCCH, R-PDSCH and PDSCH for LTE-A UEs. FDM multiplexing also allows reuse of DRS patterns being designed for LTE-A in the context of CoMP operation.

2) RAN1 should investigate mechanisms to reduce HARQ interruptions on the backhaul link. Such mechanisms include modifying the UL HARQ timeline on the backhaul link, for example the delay between grant (R-PDCCH) and UL data transmission (R-PUSCH) and/or the deay between UL data transmission (R-PUSCH) and acknowledgement transmission (R-PHICH) by the donor eNB. Further, RAN1 should also consider reducing the number of measurement/paging subframes in LTE-A. 
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