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1. Introduction

The HARQ operation over Un has not been discussed so far. A general expectation seems that existing HARQ protocol/operation would be reused for Un, however it is not clear whether it is possible or not. This contribution propose to start the discussion in RAN2 and inform RAN1 regarding RAN2’s preference, if consensus made, to make the relevant discussion in RAN1 aligned with RAN2.

2. ULBH subframe configuration: Implicit or Explicit
The main limitation of Un interface in HARQ operation point of view is that only subset of subframes are available for transmission and reception between D-ENB and RN. It’s because RN may not be able to send and receive simultaneously in a frequency band. 
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Fig. 1 Backhaul Subframes

To be more specific, a certain set of downlink subframes are reserved for downlink transmission from D-ENB to RN. In such downlink backhaul subframes (hereafter DLBH subframes), RN can not send anything to UE. Similarly a certain set of uplink subframes are reserved for uplink transmission from RN to D-ENB. In such uplink backhaul subframes (hereafter ULBH subframes), RN can not receive anything from UE.   
HARQ operation in REL-8 is built based on timely interactions between uplink and downlink. For downlink HARQ, PDSCH at DL subframe (n) is associated with the feedback at UL subframe (n+4). For uplink HARQ, PDCCH at DL subframe (m) is associated with the PUSCH transmission at UL subframe (m+4) , which is in turn associated with the PHICH at DL subframe (m+8). 

It is important in HARQ operation point of view whether UL subframe is available after 4 subframes from the DL subframe. If so, the frame timing between PDSCH and UL ACK, between PDCCH and PUSCH and between PUSCH and PHICH could be kept as 4 subframes. Otherwise the frame timings need to be modified.
In RAN1, two approaches in terms of configuring ULBH subframes have been discussed. In one approach (implicit approach),  ULBH subframes are determined by the DLBH subframes implicitly and automatically. When UL grant is received at a DL BH subframe, UL subframes required for synchronous HARQ operation are implicitly configured for ULBH subframes. One can notice that this is exactly the same behaviour as the half-duplex operation of REL-8.  In the figure 2, subframes 1, 3, 5, 7, 9 are candidates for the ULBH subframes that will becomes ULBH subframe when corresponding PDCCH/PHICH indicates PUSCH transmission. In the other approach (explicit approach), ULBH subframes are configured by the netwrok independtly from the DLBH subframes. 
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Fig. 2 UL BHSF configurations

In the following sections, two approaches are analyzed to see which one is better in terms of standard impact and resource management.
3. Analysis
Implicit Approach

In implicit approach, UL subframes after 4 subframes of DL subframes are implicitly configured as ULBH subframes. In addition, UL subframes for HARQ retransmission should also be configured for ULBH subframes. This is very similar to the half-duplex operation in REL-8. The timing between PDSCH and UL ACK/NACK, between PDCCH and PUSCH and between PUSCH and PHICH are always 4 subframes. With the same timing as REL-8, it is expected that the change to the existing FDD HARQ operation is minimized. Table 1 summarizes expected changes.
<Table 1> Expected changes when implicit approach is adopted.

	Downlink
	· UL ACK/NACK can be sent after 4 subframes from the corresponding PDSCH.

· FDD DL HARQ operation of REL-8 is reusable. No impact forseen.

	Uplink
	· PUSCH can be sent after 4 subframes from the corresponding PDCCH/PHICH

· Due to the inherent limitation from MBSFN configuration, PHICH is not available for certain UL BHSF. See figure 3 below.  

· RN behaviour needs to be defined to handle the case when PHICH can not be received.


Being a subset of MBSFN, DL BHSF can not be configured at subframes 0, 4, 5 or 9. Thus PHICH can not be sent at those subframes. For example, if UL grant is received at [n, 1] 
, the first PUSCH transmission is at [n,5] and the corresponding PHICH should be at [n,9] which is not available. Then it’s uncertain how RN interprete the unavialble PHICH.  
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Fig. 3 Example of UL HARQ operation over Un
The simplest is to align it with the measurement gap handling where the missed PHICH is interpreted as ACK. 
Explicit approach

In explicit approach, the distance between DL BHSFs and UL BHSFs are arbitary so the timing between PDSCH and UL ACK/NACK, between PDCCH and PUSCH and between PUSCH and PHICH shall be defined somehow. Actually this is not a brand new problem but have been addressed to some extent in TDD. The timings are explicitly defined per DL-UL configuration in TDD, meaning that no explicit signaling is required. It is possible in TDD because only 7 configurations are defined. Now in BHSF configuration, number of possible configurations is far more than 7. 
For DL BHSFs, from one to six subframes out of six subframes could be assigned as DL BHSF. So the total number of cases is 63 (= 6C1 + ... + 6C6 ). For UL BHSFs, from one to ten subframes out of ten subframes could be assigned as UL BHSF.  The total number of cases is 1,023 (=10C1 + ... + 10C10 ). Then the total number of DL-UL configurations is 64,449. Therefore it is impossible to have tables listing up all cass. 
<Table 2> Expected changes when explicit approach is adopted.
	Downlink
	· RN should be able to determine the timing between PDSCH and UL ACK/NACK from the given DL BHSF/UL BHSF configuration. It’s not possible to define the table listing up all the cases

	Uplink
	· RN should be able to determine the timing between PDCCH and PUSCH from the given DL BHSF/UL BHSF configuration. It’s not possible to define the table listing up all the cases

· RN should be able to determine the timing between PUSCH and PHICH from the given DL BHSF/UL BHSF configuration. It’s not possible to define the table listing up all the cases


Performance aspects

From the resource management point of view, both approaches have pros and cons. In the implicit approach, the UL resource linked to the unavailable PHICH should be used for other UEs which require considerable PDCCH resource. As seen in the figure 4, HARQ suspension and adaptive retransmission are repeated to fully utilize UL resource. It is mainly because of the HARQ RTT difference between normal UEs whose RTT is always 8 TTI and the RN whose RTT is sometimes not 8 TTI.
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Fig. 4 Resource management in the implicit approach
However this should not be seen as the drawback only for the implicit configuration. HARQ RTT would be more arbitary in the explicit configuration, therefore the same problem exists as shown in the figure 5. In the figure it is assumed that subframe 1 is configured for DL BHSF and subframe 5 is for UL BHSF. In such configuration, HARQ RTT would be 10 TTI . Since HARQ RTT of normal UEs is 8 TTI, UL HARQ retransmissions will collide relatively frequently. UL HARQ retransmissions from normal UEs shall be suspended or adapted if the resource is to be overlapped with the UL HARQ retransmission from the RN, which will require considerable PDCCH resource. 
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Fig. 5 Resource management in the explicit approach
An exclusive benefit of the explicit configuration is that ENB can configure UL BHSF with full flexibility. This would help to increase the system throughput by configuring UL BHSF not colliding with SRS that makes RN to not puncture the last symbol in uplink transmission.  

4. Summary, Proposal
Table 3 compares UL BHSF configurations. 

	
	Implicit configuration
	Explicit configuration

	Impact to HARQ operation
	Not received PHICH is assumed as e.g. ACK
	Timing btw PDSCH ~ UL ACK to be defined
Timing btw PDCCH ~ PUSCH to be defined

Timing btw PUSCH ~ PHICH to be defined

	PDCCH requirements
	Better
	-

	Flexibility
	-
	Better


It is proposed to discuss the issue. If one of the approach is preferable in RAN2 point of view, an LS should be sent to RAN1 to inform it.
� [x,y] denotes the subframe y at the radio frame x. 
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