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1 Introduction
In one implementation of Type I relaying, eNodeB would use inband backhauling for eNodeB-relay traffics.  For inband backhauling, it was agreed that at least the following scheme will be supported:
· DeNB → RN and RN → UE links are time division multiplexed in a single frequency band (only one is active at any time)

· RN → DeNB and UE → RN links are time division multiplexed in a single frequency band (only one is active at any time)
In this scheme, a relay does not transmit to terminals when it is supposed to receive data from the donor eNB in the backhaul link, i.e. to create “gaps” in the relay-to-UE transmission.  For access UEs receiving PDSCH from relays, relays can create “gaps” by configuring MBSFN subframes [1]. 
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Figure 1: MBSFN Configuration for Access and Backhaul Link Transmission 
In inband type-I relaying, relays have fewer opportunities to receive data from a donor eNB as the backhaul and the access subframes are TDM’ed. If a Rel-8 principle of “one HARQ process in one subframe” is used for a relay, the relay may have to wait long to receive new TBs from the eNB until a backhaul subframe is available for the RN, especially in those subframes where TB decoding errors are bursty. As relaying itself introduces some latency issue, this additional latency is certainly not desirable.
In this contribution, we consider an alternative to resolve this latency issue introduced by inband backhaul relaying: allowing multiple HARQ processes for backhaul transmissions.

2 Multiple HARQ Processes for Backhaul Transmission

To resolve this latency issue, we may consider allowing relays to receive both a retransmission and a new transmission in a single subframe; in other words, allowing an RN to receive more than one HARQ process in a subframe.   Figure 2 illustrates transmissions between an eNB and a relay when up to two HARQ processes are allowed for a RN in a subframe. For example, in subframe #1 in radio frame #1, the eNB performs a retransmission for HARQ process ID 1 and an initial-transmission for HARQ process ID 3.   
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Figure 2 Transmissions associated with HARQ processes for a relay in radio frames.
Transmissions of multiple TBs corresponding to multiple HARQ processes in a subframe to a relay can be fulfilled by a small change in DL control signaling. One alternative (Alternative 1) would be sending multiple separate DL grants; and another alternative (Alternative 2) would be sending a single jointly-coded DL grant. 

When separate DL grants (Alternative 1) are used for relay scheduling assignments (SA), one DL grant is transmitted for each HARQ process. Each DL grant conveys all the necessary information on SA for a TB (or two TBs if MIMO SM), together with a distinct HARQ process number. 

When joint DL grants are used for SA (Alternative 2), we may optimize a DCI format and reduce payload size to do SA for multiple HARQ processes. However, depending on the number of HARQ processes multiplexed, the DCI payload may vary over subframes. This is not desirable as it may increase the number of attempts for blind decoding. Hence, Alternative 1 is preferred.
3 Conclusion

As a relay has a limited number of subframes to receive DL back data, a DL latency issue could arise, especially during subframes where the relay experiences a burst of decoding errors of backhaul TBs. To resolve this latency issue, we may consider allowing multiple HARQ processes in a subframe for inband relaying operation. For this purpose, we may consider either separate PDCCHs or a joint PDCCH for scheduling assignment (SA) of multiple HARQ processes. Between these two alternatives, the separate PDCCH approach is preferred, as a similar proposal has been agreed for carrier aggregation and it requires much less effort for designing the SA than the other alternative.
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