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1. Introduction
At RAN1 #57bis some agreements were reached on the backhaul resource assignment for a Type I relay node. Some of these agreements captured in a text proposal (TP) are as follows 
· At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching. 

· The set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned.
· The set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship
· A new physical control channel (here referred to as the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (the “R-PDSCH”).
· The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH”).
In this contribution we consider resource allocation for the uplink backhaul link taking into consideration the impact on the in-band access link. 
2. UL Backhaul Schemes
Conceptually, UL backhaul transmissions can take place in any subframes, provided the RN can configure “blank” UL subframes by not allocating UL grants or cancelling any UE-to-RN UL transmission during these subframes [1]. It is clearly desirable if UL backhaul subframes are pre-configured, for example by semi-static higher layer signalling, so that the RN can avoid, as much as possible, scheduling its relay UEs (hereafter called RUEs) in such subframes. Two options were proposed in [2] for the UL backhaul resource allocation, namely

1. An implicit approach based on DL backhaul subframe indices and HARQ timing.
2. An explicit approach where UL backhaul subframe indices are explicitly signalled.
The implicit approach proposed in [2] uses Rel8 HARQ timing to schedule UL backhaul subframes. For example, if subframe n is used for the DL backhaul, the RN transmits an ACK/NACK to the donor eNB (DeNB) in subframe n+4. This approach avoids the problem of simultaneous ACK/NACK transmission on RN-DeNB and UE-RN links because the RN configures subframe n in MBSFN mode for the relay cell. As noted in [2] implicit signalling implies that the number of UL backhaul subframes is equal to the number of DL backhaul subframes in FDD and in some TDD configurations. 
Explicit signalling generalizes the implicit approach to any number of subframes up to the number of DL backhaul subframes. Note that we have assumed that the DL backhaul carries a heavier load than the UL backhaul. However, more study is required to show that the flexibility offered by the explicit option justifies the additional signalling that would be required. 
There is a difference between explicit/implicit signalling of the subframe indices that can be used for the UL backhaul and an actual grant for the R-PUSCH. The signalling from the DeNB is only to inform the RN that some subframes are reserved for UL backhaul. Thus, the RN can avoid scheduling its RUEs in those subframes. Furthermore, the RN can send ACK/NACK, SR, and CQI reports to the DeNB on the R-PUCCH in those subframes. The DeNB still needs to send, via the R-PDCCH, an UL grant for the R-PUSCH in these “reserved” subframes. Such grants can be dynamically or semi-persistently assigned.
While both these signalling schemes allow the RN to avoid scheduling an initial RUE PUSCH transmission in an UL backhaul subframe, some PUCCH/PUSCH transmissions from the RUE may still take place on the access link. In such cases the RN can do one of two things: ignore such transmissions from the RUE or try to receive at least a part of the UE transmission. We consider the UL backhaul resource allocation within the constraints of unavoidable RUE uplink transmissions. 
2.1. Non-adaptive HARQ Retransmissions

In Rel8, a UE would initiate non-adaptive HARQ retransmission in subframe n+4 in response to a NACK received on the PHICH in subframe n. Due to the half-duplex operation of the relay, such HARQ retransmissions are ignored at the RN. The proposed schemes do not prevent such an event from occurring. In [3] MBSFN signalling patterns are presented to reduce the number of blocked UL HARQ processes on the access link. Note that these MBSFN signalling patterns inherently favour the HARQ related implicit signalling described as option 1.
A complementary scheme, based on Rel8 HARQ operation, is to prevent such transmissions from the RUE since they would anyway be ignored at the RN and hence, cause unnecessary inter-cell interference. By sending an ACK on the PHICH in subframe n, the RN would prevent a non-adaptive HARQ retransmission in subframe n+4. Subsequently the RN can explicitly request a retransmission for this UL HARQ process by allocating an uplink grant using PDCCH format 0. While this prevents inter-cell interference from RUE it may result in increased latency in UL transmissions from the RUE.
2.2. Periodic CQI/SRS/SR reports   
It may not be possible, through scheduling, to prevent the RUE from transmitting periodic CQI/SRS/SR reports on the PUCCH during an UL backhaul subframe. One option is for the RN to simply ignore (assume DTX) such unavoidable transmissions. Two other options are as follows.
2.2.1. Truncated UL Backhaul Subframe 

In Rel8 the SRS configuration should take into account the channel characteristics in order to provide scheduling gains in a cell. As such it may not be possible to avoid periodic SRS reports from the RUE during the UL backhaul subframe. A truncated backhaul subframe is proposed wherein the RN switches back to Rx mode to receive the SRS in the last symbol of the subframe. This truncated subframe is shown in Figure 1. The “No Tx/Rx” regions can also be used for the RN’s Rx-Tx and Tx-Rx switching times. Note that nine data symbols are available on the PUSCH for the RN-DeNB backhaul link if two DMRS symbols are maintained as in Rel8. It is for future study if two DMRS symbols are required for a high geometry RN-eNB link.
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Figure 1: Illustration of a truncated UL Backhaul Subframe to receive SRS from the RUE 

2.2.2. Slot granularity
In some cases UL RN-to-eNB transmissions can be limited to one slot (the first slot) in the UL backhaul subframes, thus enabling UE-to-RN transmissions in the second slot [1]. This provides the benefit to the RN to receive SRI of good geometry UEs as well as SRS. This method is also beneficial for PUCCH ACK/NACK reports when the allocated backhaul subframes (e.g. in explicit signalling option) do not prevent the UE reporting such ACK/NACK information. The RN can further anticipate provision for this by boosting the PUCCH transmissions accordingly through the PUCCH-specific power control command. Given the required Rx-Tx and Tx-Rx switching times required at the RN this would lead to a shortened UL transmission by the RN. However, for a high geometry and very slowly varying RN-DeNB link, this shorted transmission time may be sufficient for say SR transmissions. A similar scheme was also proposed in [4] for multiplexing RN-DeNB PUSCH and RUE-RN PUCCH in the backhaul subframe. One drawback of this approach is that the RN cannot send the R-SRS to the DeNB. Since the backhaul link is expected to be relatively stable and of high quality it is FFS whether R-SRS should be supported or at least if it should occupy the same time-frequency position as in Rel8
A “wasted subframe” scenario was pointed out in [5] where in a semi-statically assigned DL backhaul subframe n, the RN does not decode an R-PDCCH indicating that there is a valid R-PDSCH for it or an UL grant to transmit PUSCH in a later subframe (e.g. n+4). In such a scenario subframe n is unused on both DL backhaul and access links with respect to the RN. On the other hand, it should be possible for the RN to receive any unavoidable PUCCH (CQI/SRS/SR) transmissions from its RUEs in subframe n+4. This flexibility is one difference between semi-statically assigned DL and UL backhaul subframes. 

3. Simultaneous transmission of control and data on UL Backhaul
In Rel8 it was decided that the PUCCH and PUSCH from a specific UE are never transmitted in the same subframe in order to maintain the single carrier property. To improve the efficiency of UL backhaul the RN can re-use Rel8 mechanisms to multiplex control and data on the PUSCH. Alternatively RN can also simultaneously transmit PUCCH and PUSCH on the UL backhaul, which was agreed for LTE-A UEs at RAN1 #55bis [6]. This boost in transmission efficiency is particularly advantageous for relay cells because the cell average spectral efficiency is constrained by the minimum of the backhaul and access link spectral efficiencies. Therefore it is desirable that the backhaul not be the bottleneck.

4. Conclusion
In this contribution we have analyzed two schemes for signalling backhaul subframe allocation to the RN in the context of UL access link transmissions from RUEs. We have a slight preference for the implicit signalling approach because it prevents RUE ACK/NACK transmissions and could potentially reduce the occurrence of blocked UL HARQ processes from the RUE. We also present suitable backhaul subframe design options that can improve the efficiency of TDM Type I relays. 
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