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1
Introduction

Relays are being viewed as a means to enhance coverage and throughput in LTE-Advanced networks. 

A “type 1” relay has been agreed from the RAN1 #56 meeting. “Type 1” relay utilizes in-band backhauling to a donor eNB. 
The following aspects would be considered in the “type 1” Relay design:

· RN should be compatible to R8 UE
· Backhauling link should be efficient enough in both UL/DL to assure the performance gain by introduction of relay.

One way to keep relay backward compatible with R8 UE is to use the existing MBSFN mechanism. Basically selected DL sub frames can be configured MBSFN by higher layer signaling. A MBSFN sub frame according to the R8 LTE specification supports 2 or 3 controlling symbols for e.g. PHICH and PDCCH, so that controlling signaling such as UL grant can be supported and UL HARQ can be maintained. The rest symbols of the MBSFN sub frame is not specified yet, therefore it is feasible to use the undefined resource for relay backhauling access. 
There are a number of options using MBSFN configuration for backhauling. For LTE TDD system HARQ has been identified as a problem in some cases when ACK/NACK in UL sub frame may be blocked due to the collision with RN->eNB transmission. In this contribution we propose using MBSFN for both RN->eNB and eNB->RN to get rid of the HARQ issue.
2
Review of existing proposals 
There are some proposals by using MBSFN. :

Method A [1]: The DL backhauling uses eNB DL resources and UL backhauling uses eNB UL resources. Configure the MBSFN SF(s) in both eNB and RN. Use MBSFN for eNB->RN transmission. Choose appropriate UL sub frames for RN-> eNB transmission

The problem of this proposal is that it may break some of TDD DL transmission (e.g. #0, #1, #5 or #6) because the corresponding HARQ ACK/NACK timing may inevitably collapse with the sub frame for RN->eNB transmission in some UL/DL configurations, and make the corresponding DL SF(s) blocked, as pointed out in [1]. This is severer for TDD for TDD ACK/NACK in a UL sub frame typically corresponding to multiple DL SFs. Note that in TDD SF #0 #1 #5 #6 are not allowed to configure MBSFN for system signals such as PSS/SSS signal, PBCH are to be transmitted in those sub frames.
Method B [2]: An alternative to solve the problem in TDD mentioned above is to configure RN differently in support of MBSFN SF so that an eNB UL can correspond a RN DL (further configured MBSFN), and use this SF for RN->eNB transmission. The problem of this is that the MBSFN controlling symbols transmissions will interference the PUCCH reception at the eNB for all its subordinated UEs.

Method C [4]: It is straightforward to fix the error case mentioned in A by modifying the ACK/NACK timing in the case of Relay to avoid the ACK/NACK collision with the RN->eNB transmission, which may be a way to go for later releases. But it doesn’t help a R8 UE anyway.
Method D [3]: Band swapping was proposed for relay backhauling, and proposes using UL resources of eNB for backhauling both UL and DL. For the consideration of RN to neighbor cell UE interference, it may not allow RN->eNB with a higher transmission power; therefore the RN->eNB throughput may not be secured. There are studies showing that the backhauling throughput is very key to the overall gain brought in by relay nodes.
3
Backhauling link over MBSFN only
The root reason of the HARQ problem described above is that backhauling link occupied the normal UL for RN->eNB transmission. And at the same time RN will not be able to receive when it is transmitting to eNB at the same time frequency resource. The RN UEs in the UL subframe will transmit the ACK/NACK in vain, and the corresponding DL subframes will therefore be blocked, though it may be passed through anyway by later retransmissions, but it results in unnecessary resource waste. Note that the ACK/NACK timing of the corresponding DL SFs is static and dependent in TDD UL/DL configuration. 
We introduce the following solution by transmitting both UL and DL in MBSFN. The known problem on HARQ can be solved. The following measures are needed 

· Configure both eNB and RN with the same MBSFN configuration

· Using MBSFN non-control OFDM symbols for backhauling, for both eNB->RN and RN->eNB in TDM manner

· Two options for backhauling UL/DL allocation in MBSFN sub frames can be supported, either in a granularity of per SF or per slot.

In the following transmitting means RN transmitting, receiving means RN receiving. 

The configuration of MBSFN sub frame is fully aligned with the R8 specs. DL sub frame other than #0 #4 #5 #9 for FDD #0 #1 #5 #6 for TDD can be configured MBSFN. By such approach no normal SF are used for backhauling transmission, while a R8 UE will be told there are some MBSFN SFs configured in the cell and should not bother at all about it. While in the MBSFN SFs the backhauling transmission is taking place without any impact to both the donor eNB UE and the RN UE. What further needed is a protocol set to be developed in both RN and donor eNB to support the backhauling transmission, which will be developed on the clean canvas of MBSFN non-control resources. The HARQ will work exactly as if with MBSFN as settled in R8 specification and therefore no problem at all.

The UL/DL allocation for MBSFN can be in a per SF granularity or per slot granularity. The MBSFN control symbols are always in transmitting mode as specified in R8.
3.1
UL/DL allocation of per SF granularity
In the case of UL/DL allocation is of per SF granularity, a MBSFN will be in either eNB -> RN transmission mode or RN -> eNB transmission mode. For example TDD configuration 2, SF #3 and SF #8 are configured MBSFN in both eNB and RN and used for backhauling transmission
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Note that red arrow means RN is transmitting, round circle means RN is receiving. A 2 OFDM symbol gap is needed between transmitting and receiving to deal with the spurious/transient.
3.2
UL/DL allocation of per slot granularity
In the case of UL/DL allocation is of per slot granularity, each slot in a MBSFN will be in either eNB -> RN transmission mode or RN -> eNB transmission mode. This will allow support of Relay even by just configuring only 1 MBSFN in a radio frame. Each slot is aligned with the R8 slot definition, i.e. 7 OFDM symbols for normal CP in each slot. The first slot is always transmitting, and the second slot can be receiving.
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In the case of the second slot is receiving a Tx/Rx gap is need at the end of the first slot to deal with the Tx/Rx transient.

The con of such configuration is that when multiple MBSFN SFs are configured, more overhead of Tx/Rx gap will be introduced. It will be 1 Tx/Rx gap per SF in this case, while in the case of per SF granularity it will be 1 Tx/Rx gap every other eNB->RN SFs. The pro is that there is twice as many transmission opportunities in UL and DL i.e. shorten the delay to wait for a transmission opportunity.
4 Pros and further considerations
Pros

· Clean decouple of RN-eNB backhauling link from UE-eNB/Ue-RN links. No HARQ issue, as if R8 MBSFN were introduced.
· Flexibility for load balancing between TDD Relays and its donor eNB by proper TDD UL/DL configuration and the proper selection of MBSFN SFs.
· Applicable for FDD as well, though it is targeted for TDD.
Further consideration

· Interference by a neighbor eNB of which MBSFN is configured differently to the donor eBN’s backhauling receptions is to be evaluated
At the same time, we note that the 3D antenna would be vastly deployed in the future LTE system; therefore it is possible to plan eNB antenna tilt so that the neighbor eNBs don’t point at each other. Then the channel model for eNB-eNB would most likely be NLOS, or LOS with attenuation by the antenna patterns. The interference in such case should be further investigated. 

It can also be assumed that the eNBs supporting Relay are clustered geographically and with the same MBSFN configuration in the same cluster. Considering the reuse of current 2G/3G sites for LTE e.g. at 2.6G, coverage may be an issue for most cells. Therefore it is likely that RN be installed for a cluster of LTE cells as typical configuration. In this case, the interference only exists at the edge of the cluster, beyond which such relay could be less required e.g the edge of urban and rural area. In rural area no such relay or other type of relay should be installed. In this case, the same measures can be done to reduce the interference as if at the edge of two differently UL/DL configured LTE TDD geographical regions. E.g. just configure some dummy MBSFN at the cluster edge eNB to mitigate the interference.

Considering the coexistence of 2G/3G with LTE may last for many years, the initial deployment of LTE will likely be isolated hot spots or clusters for download traffic mainly. It would be more efficient to have e.g. LTE TDD configuration 2 with DL:UL 8:2. Then the Relay backhauling method proposed here would be appropriate.
· Detailed SF design for backhauling should be further considered.
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