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1 Introduction

LTE Release 10 is supposed to support in-band 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 operation is different from the operation of a Rel-8 FDD eNB, which can transmit to it’s UEs in any DL subframe. In order to make UEs aware of this limitation it has been agreed that the relay configures certain subframes 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, 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 and the associated control signaling defined for Rel-8. 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 different periodicities of MBSFN patterns (10 ms or 40 ms) and uplink HARQ (8 ms) precludes Rel-8 conformant protocol operation on Un and Uu – at least not without certain limitations.

3 Discussion
In this section we investigate ways to overcome the timing problems outlined above by appropriate configuration (section 3.1) or modification (section 3.2) of HARQ and control signaling on the Un interface. To a certain extent also the Uu link may require special treatment; however, it must be backwards compatible to a Rel-8 UE.

3.1 Rel-8 Compatible HARQ Timing on Un
In this scenario we assume that some subframes are configured for downlink transmission on Un by declaring them as Un downlink subframes. The relay configures these subframes as MBSFN subframes, accordingly.
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Figure 1: Un and Uu operation. Un with SPS allocation for Uplink.
A Un downlink subframe at position n is followed by a Un uplink subframe at n+4. The relay does not use these Un uplink frames for any uplink transmission on Uu, which ensures that there is always an opportunity for the relay node to send HARQ feedback for downlink data transmission. 
Additional Un uplink subframes are configured by means of semi-persistent scheduling. These are placed 4 subframes prior to each Un downlink subframe but do not necessarily occur 4 subframes after a Un downlink subframe. We further require that at least initial Un uplink HARQ transmissions must occur 4 ms prior to a Un downlink subframe. This ensures that the relay obtains at least one HARQ feedback. [2] suggests that the relay assumes an ACK if the R-PHICH coincides with a downlink Uu subframe and that the eNodeB triggers a retransmission if reception was not successful. However, this approach is not applicable if we assign uplink Un resources by means of SPS. As can be seen from Figure 1, a pending process may be overridden by a new SPS transmission so that an adaptive retransmission is not possible. 
Due to the choice that each Un downlink subframe is followed by a Un uplink subframe at n+4, the relay can also perform at least one retransmission of each Un uplink process. If a Un uplink subframe happens to appear 4 ms after a MBSFN subframe, the eNB can modify the SPS allocation or trigger an adaptive retransmission. The donor eNodeB sends a feedback also for uplink retransmissions if possible, i.e., if it happens to occur in a MBSFN subframe. If not, the relay assumes that the retransmission was successful (like in measurement periods defined for Rel-8). If it was not successful, the eNB may schedule a non-adaptive retransmission if the process is still active at the next opportunity. With this scheme it is possible to send at least one HARQ feedback and one retransmission for each Un uplink HARQ process.

Only subframes not expected to carry Un uplink traffic are implicitly declared as Uu uplink subframes. All non-MBSFN subframes having a transmission opportunity for the uplink HARQ feedback, i.e., 4 ms prior to a Uu uplink subframe, may be used for Uu downlink transmission. 

The relay suspends Uu uplink processes by sending an ACK if the corresponding retransmission would otherwise occur in a Un uplink subframe. However, MBSFN configurations exist where each Uu uplink transmission can use at least 4 retransmissions in consecutive RTTs. The MBSFN pattern {0,1,M,3,4,5,M,7,M,9} is one example which in addition also allows for 4 retransmissions of all uplink Un processes.

However, a certain fraction of the uplink and downlink resources remains unused
 in this scenario. In the example configuration given above, 20% of the uplink and downlink subframes cannot be used for data transmission. This is due to the constraints that uplink subframes may not be used for Uu  (data or feedback) if they could collide with a potential uplink (re-) transmission or HARQ feedback on Un. It has been suggested in [1] 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. Alternatively, these processes could be used for uplink Un transmissions but in the configuration presented above, there would be no possibility to transmit a corresponding HARQ feedback on the downlink Un. Correspondingly, the unused downlink subframes are not marked as MBSFN but cannot be used for Uu data transmission as they don’t provide an opportunity for the ACK/NACK transmission. 
Proposal 1: Carefully investigate the performance of a HARQ protocol using the Rel-8 timing for control signaling also on the Un interface.
3.2 Modified Timing for Un Control Signalling

We saw in the previous sub-section that in particular the timing constraints of the uplink HARQ signalling (grants and feedback) but also strict timing of the feedback for downlink HARQ transmissions doesn’t fit to the configurable MBSFN patterns. In this section we therefore investigate, if new timing relations improve the situation. 
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Figure 2: New timing for control signalling on Un. 

In the solution depicted in Figure 2, both, downlink and uplink subframes are pre-configured
 for the Un interface and thereby blocked for the Uu link. Of course, the donor eNB may still decide to assign the resources to one of its own UEs instead. 

Uplink grants and HARQ feedback for Uu uplink transmission (PDCCH) do not collide with uplink transmissions on Un (during MBSFN part of the subframe). Also, non-MBSFN subframes are used for Uu downlink transmission if there is a Uu uplink subframe 4 ms afterwards for sending the HARQ feedback. Optionally, also the Uu downlink subframes without feedback transmission opportunity can be used. Then, however, no HARQ can be used. It is up to the relay node to choose among absence of HARQ and unused subframes. 

In contrast to the previous solution, the feedback for uplink and downlink Un HARQ processes is delayed to the next Un subframe. In other words, we re-define the timing relations between data transmission and the HARQ feedback. Thereby, we support HARQ not only on Uu but also on Un for arbitrary Un/Uu and UL/DL allocations. This typically requires bundling or multiplexing of Un HARQ feedback if, at the occurrence of a feedback transmission opportunity, more than one Un feedback signal is available for transmission. Furthermore, uplink Uu feedback (eNB-UEs acknowledging eNB DL PDSCH 4 TTIs before) and uplink Un feedback (relay acknowledging DL R-PDSCH x TTIs before) that is transmitted in PUCCH of the same uplink Un subframe needs to be separated. Another problem of the delayed signalling is that it causes unusable uplink subframes on Un if the HARQ feedback comes too late for the next occurrence of the corresponding HARQ process. This problem could e.g. be solved with several transport blocks per HARQ process, which might be possible with UL MIMO already in Rel-9. The eNB could then request new data in a second transport block while waiting for the feedback for the first transport block. 

For downlink data transmission the asynchronous HARQ protocol allows scheduling another HARQ process while waiting for the feedback. Therefore, the feedback delay does not limit the throughput or utilization but slightly increases the delay of HARQ retransmissions. 

In terms of resource utilization and protocol stability (HARQ) this solution appears to be favourable. However, it comes at the cost of standardization, implementation and testing due to the new control signalling and HARQ timing over Un. The benefits are only worth the effort, if the solution outlined in section 3.1 is regarded as insufficient (due to the efficiently supported Un/Uu and UL/DL allocations). 
[2] suggests that one could change the uplink HARQ RTT on the Un interface to 10 ms in order to avoid the mismatch with the MBSFN pattern. It concludes, however, that this causes collisions among Un and Uu retransmissions. 

In addition to the proposal outlined in this contribution (delay R-PHICH feedback to the following downlink Un occurrence) [3] suggests to investigate also the following alternatives: An asynchronous HARQ for the Un uplink requires that the process ID is transmitted explicitly. A new pattern (similar to TDD) specifying when to send which feedback turns out to be very complicated due to the large number of possible Un/Uu and UL/DL configurations.
Proposal 2: Consider a modification of the timing for control signaling on the Un interface if the performance or flexibility of Rel-8 compatible solutions are not sufficient.
4 Conclusion

In section 3.1 we showed that no changes to the HARQ timing and the associated control signaling are needed. Only the interpretation of (absent) HARQ signaling on the Un interface must be specified for Rel-10. For this solution, configurations exist which support HARQ on Un and Uu while leaving ~20% of the subframes unused (could still be used for eNodeB’s Uu transmission). Both solutions are expected to perform well in particular in scenarios with high link quality on Un (little and stable interference). 

For scenarios with indoor relays using non-directed backhaul antennas (poor link quality on Un) the Un performance and the supported Un/Uu configurations may not be sufficient. In that case we recommend modifying the control signaling and HARQ timing as outlined in section 3.2.
Proposal 1:
Carefully investigate the performance of a HARQ protocol using the Rel-8 timing for control signaling also on the Un interface.
Proposal 2:
Consider a modification of the timing for control signaling on the Un interface if the performance or flexibility of Rel-8 compatible solutions are not sufficient.


5 References

[1] Research In Motion, R2-094288, “DL HARQ Operation over Un interface”, RAN2-67, Shenzhen, China, Aug 24 –Aug 28, 2009

[2] Samsung, R2-094878, “HARQ operation for relay”, RAN2-67, Shenzhen, China, Aug 24 –Aug 28, 2009

[3] Research In Motion UK Limited , R2-094286, “UL HARQ Operation over Un interface”, RAN2-67, Shenzhen, China, Aug 24 –Aug 28, 2009




























� Note that these ‘unusable’ subframes may still be usable for transmission towards UEs connected directly to the donor eNodeB.


� Pre-configuration of uplink subframes could be done by semi-persistent scheduling, which would need to be extended compared to Rel-8.
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