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1 Introduction

LTE Release 10 is supposed to support inband relaying, where the same spectrum is used for eNB-RN and RN-UE links. At least the RN-UE link shall be backwards compatible to Rel-8. A relay node must avoid self-interference, i.e., while transmitting to a UE it cannot receive from its donor eNB and while receiving from a UE it cannot transmit towards its donor eNB. Self-interference at the relay can be avoided by dedicating certain subframes to the eNB-RN (Un) link. Those Un subframes are unavailable for RN-UE transmissions (Uu link) by declaring DL Un subframes as MBSFN subframes and by not scheduling any UEs in UL Un subframes. The Un HARQ process has to operate on Un subframes while the Uu HARQ operates in Uu subframes. Since the pattern of Un subframes does not match the Rel-8 HARQ timing, a modification of the Un HARQ process and a ground rule for Un subframe allocation are required. In this document we discuss them.
2 Background

In [1] we showed a Rel.8 compliant Un HARQ operation, which was based on the reception of UL grants and ACK/NACK feedback even in non-MBSFN subframes. This is possible if the RN receives (R-)PDCCH and (R-)PHICH in between the transmission of its own DL reference signals. If the reception of UL grants and ACK/NACK feedback in non-MBSFN subframes is not possible, the efficiency of the scheme is reduced. In this contribution we propose some slight modifications to the Un HARQ process, which allow an efficient HARQ operation on Uu as well as Un.
3 Discussion
In order to allow efficient resource utilization and maximum re-use of Rel.8 principles one modification to the Un HARQ process and a ground rule for Un subframe allocation are proposed. 
Ground rule for Un subframe allocation: 

Proposal 1 Allocate UL Un subframes 4TTIs after each DL Un subframe.
This ground rule ensures that for each Un DL transmission an ACK/NACK feedback is available. Furthermore, for each Un UL transmission an UL grant can be issued. The timing of DL transmission and the corresponding HARQ feedback as well as UL grant and the following UL transmission is according to Rel.8. The ground rule implies that there are an equal number of UL and DL Un subframes. Note that, the ration between Uu to Un subframes may vary.
Modification to the Un UL HARQ process: 

In Rel-8 each uplink data transmission in subframe n is followed by a HARQ feedback on PHICH in subframe n+4. In order to directly apply Rel.8 HARQ timing on Un, each Un uplink subframe at position n  would need to be followed by a Un downlink subframe at n+4 in addition to the above mentioned requirement. Obviously, the two requirements can hardly be fulfilled due to the mismatch of the HARQ RTT (8 ms) and the MBSFN allocation periodicity (10 ms). Therefore, we propose  not to operate a PHICH on the Un interface.
Proposal 2 Operate the Un interface without PHICH and use only adaptive HARQ for the Un uplink.
Consequently, a donor eNB does not transmit ACK/NACK feedback in response to an UL transmission of a relay. The relay assumes that the transmission was successful (ACK). In case of errors (NACK) the donor eNB issues an UL grant with a non-toggled new data indicator bit (NDI) in the next available transmission opportunity for this HARQ process, i.e., the next available Un DL subframe at occurrence of this HARQ process, which is followed by an Un UL subframe. This modification results in adaptive retransmissions for UL HARQ processes. 
Since the donor eNB does not transmit explicit ACK/NACK feedback an (R-)PHICH is not necessary. Note that adaptive retransmissions on Un slightly increase the (R-)PDCCH load in case of high block error rate targets, however, an (R-)PHICH can be omitted. An (R-)PHICH-less operation also precludes the direct application of semi persistent scheduling (SPS). However, in scenarios where the RN serves a small number of UEs the aggregated Un traffic is still dynamic. In scenarios where the RN serves a large number of UEs the aggregated Un traffic could become more stable, but then the PDCCH load is not the bottleneck. So we do not consider the absence of SPS on the Un as a serious drawback.
With the above rules Un subframes can be semi-statically allocated either in 8ms or 10ms periodicity. An example allocation with 8ms periodicity is introduced in section 3.1 and an example allocation with 10ms periodicity is introduced in section 3.2. 
3.1 Un subframe allocation according to 8ms period
Figure 1 shows the HARQ timing of an example Un subframe allocation with 8ms periodicity. The upper half of the figure illustrates the HARQ processes of the backhaul (Un) and the lower half illustrates the HARQ processes of the access link (Uu). The green color indicates UL and the blue color indicates DL. DL transmissions (D), UL transmissions (U), UL ACK/NACK feedback (UAN), DL ACK/NACK feedback (DAN) and UL grants (G) are shown. 

According to Proposal 1, UL Un subframes occur 4TTIs after the DL Un subframes. According to Proposal 2, explicit Un DL feedback is not present; in case of errors UL grants for the next available transmission opportunity are issued instead. In the example illustrated in Figure 1 the next opportunity occurs 1 or 2 RTTs later. 
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Figure 1: HARQ timing of Un subframe allocation according to 8ms period 
Since MBSFN subframes cannot be allocated with 8ms period, some Un DL subframes cannot be used for the Un DL, e.g., subframes 0 and 9 of the first radio frame and subframes 0 and 1 of the second radio frame. Accordingly the corresponding Un UL subframes are not available for the Un UL. However, those DL subframes can be used for the Uu DL instead. The UL subframes can also be used for Uu UL, but it is not ensured that a re-transmission opportunity is available. Hence, in case of errors, the UL HARQ process in those subframes may be suspended; the corresponding feedback is indicated by a red “A” instead of “DAN” in Figure 1. The next opportunity for retransmissions occurs 2 or 3 RTTs later. The delayed retransmission opportunities when suspending a HARQ process on Uu UL lead to longer delay spikes. The other UL Uu HARQ processes as well as the DL Uu HARQ processes are not affected.
3.2 Un subframe allocation according to 10ms period
Figure 2 shows the HARQ timing of an example Un subframe allocation with 10ms periodicity. The naming convention is the same as in Figure 1. Again, UL Un subframes occur 4TTIs after the DL Un subframes (Proposal 1) and explicit Un DL feedback is not present (Proposal 2). The Un allocation in Figure 2 results in the same share of Un resources of approx. 30% than in Figure 1. 
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Figure 2: HARQ timing of Un subframe allocation according to 10ms period
A Un subframe allocation of 10ms results in a 10ms period for the Uu as well. According to Proposal 1 Uu UL occurs 4TTIs after Uu DL so that UL ACK/NACK feedback is always available. Due to the possibility to transmit PHICH in MBSFN subframes, DL ACK/NACK is always available as well. However, a synchronous retransmission opportunity cannot be ensured. Hence, in case of errors, the UL HARQ process in those subframes may be suspended. Again, the corresponding feedback is indicated by a red “A” instead of “DAN”. The next opportunity for retransmissions occurs 2 or 3 RTTs later. The other UL Uu HARQ processes as well as the DL Uu HARQ processes are not affected.

4 Summary & Conclusion

Based on the discussion in section 3 we propose the following:

Proposal 1
Allocate UL Un subframes 4TTIs after each DL Un subframe.
Proposal 2
Operate the Un interface without PHICH and use only adaptive HARQ for the Un uplink.

Following these two rules has several advantages: 

· Flexible allocation
Un subframes can be flexibly assigned either with 8 or 10ms period. Different ratios of Uu and Un subframes are possible. 

· Maximum resource efficiency 
Both allocations, with 8 or 10ms period, result in the same maximum resource efficiency, i.e., all subframes can be used.
· Minimum impact on HARQ operation
HARQ feedback and retransmissions are available for all HARQ processes
! The HARQ protocol for Un uplink must be modified: The physical layer does not provide any PHICH feedback to MAC and an uplink HARQ process may assumed to be positively acknowledged (rely on grant for adaptive retransmission). Furthermore, some Uu UL HARQ processes lack a synchronous re-transmission opportunity. It is up to the relay node implementation to suspend such processes or to let them be transmitted anyway. DL Un HARQ and DL Uu HARQ are not affected. Both allocations, with 8 or 10ms period, have the same number of potentially suspended Uu UL HARQ processes. 

· Reuse of Rel. 8 format and timing
Rel.8 PDCCH and PUCCH message formats and timing can be reused. Especially the reuse of Rel.8 timing leads to efficient eNB schedulers, which can schedule UEs and RNs in the same timeline.
· No need to standardize R-PHICH
Since there will be no explicit ACK/NACK feedback for UL transmission a (R-)PHICH does not need to be standardized. 
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� As explained above, some retransmissions must be postponed by an RTT or two.
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