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1 Introduction
In this contribution, we discuss HARQ operation in Un (eNB-RN) downlink and uplink. The following decisions were made in RAN1#59 meeting last November:
·  For FDD:

· 8ms HARQ RTT is baseline assumption for DL and UL minimum requirement from L1 perspective if suitable subframes are available for transmission

· FFS:
· Whether different HARQ timelines are needed / allowed for HARQ efficiency

However, no progress on Un HARQ issues was made in the last RAN1#59b meeting. This contribution discusses some Un HARQ issues such as Un UL subframe assignment, HARQ time timeline in Un downlink and uplink, and HARQ operation in Un link. These issues are still waiting for decisions in RAN1 and should be decided to make further progresses on the other HARQ issues.
2 Un HARQ timeline principle
According to the agreements in RAN1#59, the 8 ms HARQ RTT is the baseline assumption for DL and UL minimum requirement. However, the 8 ms RTT can be supportable only when suitable Un subframes are available for HARQ transmission or ACK/NACK response, as noted in the agreement text. A critical obstacle in supporting 8 ms HARQ RTT is that Un DL subframes cannot be configured every 8ms without any missing Un DL subframe. This is due to the fact that subframes #0, #4, #5, #9 cannot be configured as MBSFN subframes and thus RN cannot receive Un DL transmission in those subframes. 
Also, configuration of Un subframes in DL and UL impacts on the transmission/reception of Uu data and control channels. As an example, RN cannot receive any PUSCH and PUCCH from UEs served by the RN in Uu UL subframes. If Uu UL subframes are configured every 8ms to support the 8 ms RTT, the RN will miss some instances of CQI/RI/SR and SRS transmissions of 5/10/20 ms periodicity from UEs served by the RN. Thus, depending on the configuration of resources in the donor cells and the RN cells, the preferred HARQ RTT in Un link can be different. 
Since only a subset of DL and UL subframes in a radio frame are configured as Un subframes in general, the design problem for HARQ timeline in Un link bears similarity to that in LTE TDD. Thus, the HARQ design principle adopted in LTE TDD can be re-used in backhaul link. For example, UL ACK/NACK transmission for an R-PDSCH can be sent in the 1st available Un UL subframe coming 4 ms after the Un DL subframe containing the R-PDSCH. Similarly, DL ACK/NACK transmission for an R-PUSCH can be sent in the 1st available Un DL subframe coming 4 ms after the Un UL subframe containing the R-PUSCH. This principle can be applied to R-PUSCH transmissions as well after an RN receives a corresponding UL grant. Given this principle on Un HARQ timeline, the eNB can have flexibility to decide on which subframes will be used in Un link, considering minimizing the impact on the data and control transmissions/receptions in eNB-UE and RN-UE links. 
Proposal
· ACK/NACK transmission, in case needed, occurs in the first available Un subframe coming 4ms after the subframe containing corresponding HARQ packet
· HARQ transmission occurs in the first available Un subframe coming 4ms after the subframe containing the corresponding grant or ACK/NACK
3 Un UL subframe assignment
As per a RAN1 agreement reflected in TR 36.814 [9], the set of Un DL subframes will be semi-statically assigned. On the other hand, how to assign Un UL subframes is still open.  Two approaches for configuring Un UL subframes have been considered: implicit and explicit assignments. In the implicit assignment [1][4][8], the Un UL subframe is placed 4ms after every Un DL subframe without any explicit configuration by the eNB. The key motivation for the implicit assignment is to re-use the Rel-8 HARQ timeline as much as possible in Un link.  That is, after receiving an R-PDSCH in a Un DL subframe, RN can transmit UL ACK/NACK in the Uu UL subframe, implicitly assigned with 4 ms delay from the Un DL subframe. Likewise, RN can transmit an R-PUSCH in the implicitly assigned UL Un subframe, coming 4ms after the corresponding Un DL subframe containing the R-PDCCH scheduling the R-PUSCH transmission. 
However, it should be noted that the explicit assignment can fully support the UL subframe configuration done by the implicit assignment and the corresponding HARQ timeline, by the eNB’s decision. As UL Un subframes are semi-statically configured in the explicit assignment, the signalling overhead to configure Un subframes is not an issue at all. Furthermore, the explicit assignment provides various flexibilities in configuring Un resources, which cannot be supported by the implicit assignment. For example, the explicit assignment can support asymmetric configuration of DL/UL Un subframes. As the data traffic requirement is generally heavier in DL than in UL, it will be useful to configure less Un UL subframes than DL ones, especially in TDD configurations where the number of Uu UL subframes is much less than Uu DL subframes. In addition, the donor eNB can have flexibility in deciding on the locations of UL Un subframes, e.g., considering preferred configuration of UCI and SRS transmissions in Uu link. It should be noted that given the HARQ timeline design in Section 2, no additional specification on HARQ data (re)transmission and ACK/NACK response depending on the location of Un Uu subframes is needed for both explicit and implicit assignments.
Proposal

· Uu UL subframes are explicitly assigned
4 Un HARQ operation in DL and UL
4.1 HARQ in Un downlink
In LTE Rel-8/Rel-9, asynchronous HARQ is applied in downlink. Likewise, the asynchronous HARQ can be applied to Un downlink as well. Once an R-PDSCH is scheduled and received by the RN in a Un DL subframe, the RN can send UL ACK/NACK in the 1st first available Uu UL subframe at 4ms or later receiving the R-PDSCH. With asynchronous HARQ, HARQ retransmission can be scheduled in any Un DL subframe, considering the available PRB resources for R-PDCCH and R-PDSDCH transmissions for the RN. As asynchronous HARQ provides good flexibility in configuring Un subframes, there seems no issue with applying the asynchronous HARQ in Un DL as in LTE DL.
Proposal

· Asynchronous HARQ is the baseline for Un DL HARQ

4.2 HARQ in Un uplink

In LTE Rel-8/Rel-9, synchronous HARQ is applied in uplink. When Un uplink adopts synchronous HARQ, for a given HARQ initial transmission, the timing of corresponding Un UL HARQ retransmissions and Un DL ACK/NACK transmissions is pre-determined. This pre-determined timeline could impose unnecessary restrictions and may not be so helpful in Un link, considering that any fixed HARQ timeline cannot be met in Un link, due to the restriction on MBSFN subframe locations and due to the limited number of DL and UL subframes in TDD systems. 
However, if we adopt asynchronous HARQ in Un UL, the eNB can flexibly adjust the timing of HARQ retransmission. In making the scheduling decision for retransmission, the eNB can consider a preferred Un DL subframe for retransmission grant and a preferred Un UL subframe and available PRB resources for R-PUSCH retransmissions. This flexibility will be quite useful and allow the eNB to serve many RNs with pre-configuring a reasonable amount of Un resources (Un subframes, PRBs for R-PDCCHs and R-PUSCHs).
Proposal

· Asynchronous HARQ is suggested to be considered for Un UL HARQ
5 Conclusion
In this contribution, we discussed some Un HARQ design issues and propose to take the followings as baseline:
· Un HARQ timing principle

· ACK/NACK transmission, in case needed, occurs in the first available Un subframe coming 4ms after the subframe containing corresponding HARQ packet
· HARQ transmission occurs in the first available Un subframe coming 4ms after the subframe containing the corresponding grant or ACK/NACK
· Un UL subframe assignment

· Uu UL subframes are explicitly assigned
· Un HARQ operation in DL and UL

· Asynchronous HARQ is the baseline for Un DL HARQ

· Asynchronous HARQ is suggested to be considered for Un UL HARQ
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