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1 Introduction

LTE Release 10 is supposed to support Type-I relaying. A donor eNB communicates to the relay node which in turn exchanges data with a terminal. The same spectrum shall be used on both hops and at least the connection from the relay to the UEs shall be backwards compatible to Rel-8. A relay node must avoid self-interference, i.e., while transmitting to a UE in downlink direction it cannot receive from its donor eNB and while receiving from a UE it cannot transmit towards its donor eNB. The avoidance of self-interference can be realized by using the MBSFN subframes which have already been defined for Rel-8. However, the configurable MBSFN patterns do not match the Rel-8 HARQ timing which causes collisions and limitations.  

In this document we discuss these problems in detail and compare solutions to overcome them.
2 Background

Due to the requirement to suppress self-interference, the relay cannot use all DL subframes to transmit to its UEs on the access link (Uu). It has been agreed that the relay configures the Un subframes, where it cannot transmit downlink Uu signals, as MBSFN subframes. These have already been defined for Rel-8 and indicate to the UEs that they are not supposed to receive data beyond the control region (PCFICH, PDCCH and PHICH) in the first 1-2 symbols of the subframe. However, in FDD MBSFN subframes can only be configured for subframes 1, 2, 3, 6, 7 and 8. In other subframes (0, 4, 5 and 9) at least Rel-8 UEs expect to receive BCH, SCH and paging. In uplink direction Un subframes are muted for Uu traffic simply by not scheduling any UEs.

Un subframes affect the HARQ timing defined for LTE Rel-8 (FDD). The HARQ feedback is synchronous, i.e., it is sent in subframe n+4 if the corresponding data was received in subframe n. This applies to both uplink and downlink. On the uplink also the retransmissions are synchronous, i.e., they must appear in subframe n+8. Downlink retransmissions can be scheduled asynchronously, in subframe n+8 or later. 

The non-MBSFN subframes (numbered 0, 4, 5, and 9) in conjunction with the different periodicities of MBSFN patterns (10 ms or 40 ms) and uplink HARQ (8 ms) inevitably lead to collisions of the timing pattern of Un subframe allocation with the corresponding Un HARQ patterns.
3 Discussion
In this section we investigate ways to overcome the timing problems outlined above by appropriate configurations. Unless mentioned otherwise, we assume LTE Rel-8 (FDD) compliant HARQ operation, i.e., Rel-8 timing and availability of HARQ feedback for all data transmissions on Uu and Un. As depicted in Figure 1, we assume that some subframes are declared as Uu downlink subframes and that this allocation recurs with a periodicity of 8 ms. The remaining subframes may be used for Un downlink data transmission if they happen to be a MBSFN subframe. Here we assume a 40 ms MBSFN pattern. A downlink subframe at position n is always followed by an uplink subframe at position n+4. This applies to both, Un and Uu and it is valid even if a configured downlink Un subframe did not coincide with an MBSFN. 
3.1 Fully Rel-8 compliant operation
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Figure 1: Rel-8 HARQ operation on Uu and Un.
As shown in Figure 1, the chosen configuration performs quite well with the given Rel-8 timing constraints. 
However, a certain fraction of the uplink and downlink resources remains unused
. In the example configuration, 20% of the uplink and downlink subframes cannot be used for data transmission to/from the relay node. This is due to the constraints that uplink subframes at position n may not be used for Un uplink data transmission if subframe n+4 is a non-MBSFN subframe which does not allow to transmit the HARQ feedback. Since this rule does not only apply to initial transmissions, also retransmissions are sometimes delayed by one round trip time. Alternatively, unused Un uplink subframes could be used for Uu data transmission which however bears the risk that it collides with a potential uplink (re-)transmission or HARQ feedback on Un. It has been suggested in [2] that the relay node could still schedule an uplink Uu transmission and, if it must send HARQ feedback on uplink Un, to suspend the Uu process. However, HARQ feedback is quite likely to occur if the Un link is loaded which would lead to many suspended uplink Uu processes. 
Similarly, the unused downlink subframes cannot be used for downlink Un data transmission as they don’t coincide with a MBSFN subframe. And they cannot be used for Uu downlink data transmission as they don’t provide an opportunity for the ACK/NACK transmission in subframe n+4. 
3.2 Downlink Un HARQ Feedback without MBSFN
In this section we describe a potential optimization of the Rel-8 timing used on the Un interface of a type-I relay. It shall illustrate that Rel-8 HARQ timing offers large potential on the Uu as well as on the Un interface. 

Like the previous scenario, Figure 2 shows a scheme using Rel-8 compatible HARQ timing and we require again that HARQ feedback can be obtained for each data transmission. Four downlink subframes are followed by four uplink subframes which obviously requires transmission of downlink Un HARQ feedback in a non-MBSFN subframe (indicated by a “T” in Figure 2).
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Figure 2: Timing offset between Un and Uu allows downlink HARQ feedback 
on Un in Non-MBSFN subframes.

In the previous section we assumed that the relay node cannot decode the eNodeB’s downlink transmission in non-MBSFN subframes due to its own ongoing transmission. Here, however, we assume that it is possible for a relay node to monitor at least the R-PHICH of the Un link while performing Rel-8 compliant operation on the Uu interface. This is possible if the relay node switches from TX to RX during OFDM symbols 1, 2, and 3. As outlined in Figure 3, all required Uu signals, such as RSs, PSS/SSS, PBCH, etc., can still be transmitted. Compared to the configuration outlined in section 3.1 this approach increases the share of resources that can be used for the Un interface and it still enables full HARQ operation on the Uu interface.
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Figure 3: Decoding downlink Un HARQ feedback in non-MBSFN subframes
4 Conclusion

We showed that Rel-8 compliant HARQ timing provides reasonably good performance for the Un interface of Type-I relaying while requiring little standardization and acceptable implementation effort. Therefore, we think that a Type-I relay solution based on Rel-8 HARQ timing is most appropriate for a Rel-10 timeframe. 
Proposal 1: Rel-8 compliant HARQ timing should be supported for the Un interface of Type-I relaying in Rel-10. 
Modified HARQ timing for the Un interface can be studied further.
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� Note that these ”unused” subframes may still be usable for transmission towards UEs connected directly to the donor eNodeB.
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