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1. Introduction

Aspects of the UL HARQ operation for the Un interface between relay node and donor eNB have been only discussed in RAN1 so far. From HARQ protocol point of view there are also some issues which should be treated in RAN2. Therefore we propose to start the discussion on UL HARQ protocol for backhaul link in RAN2. The purpose of this contribution is to list some potential issues when defining the UL HARQ protocol over Un interface.
2. Discussion

In our view the starting point for UL HARQ protocol over Un should be the existing Uu UL HARQ protocol specified for Rel-8. However it needs to be investigated whether it’s possible to simply reuse it or whether some modifications are required or beneficial. In the following we highlight two potential problems when applying the Uu HARQ protocol operation on the Un interface. 
2.1. Reuse of Uu UL HARQ protocol operation over Un interface  
In Rel-8 a synchronous HARQ protocol has been adopted for the uplink direction on Uu. The HARQ processes used for uplink transmission are mapped in a cyclically fashion. Furthermore the timing between uplink resource assignment signalled on PDCCH and corresponding PUSCH transmission is fixed to 4ms in FDD, e.g. PDCCH at subframe (n) is associated with the PUSCH transmission in subframe (n+4), which is then further associated with the PHICH transmission in subframe (n+8). Consequently the HARQ RTT for the FDD UL HARQ protocol is 8ms. 

For the DL backhaul transmission it has been already agreed in RAN1 that MBSFN subframes are used in order to allow a backward compatible implementation of relaying. However, MBSFN subframe allocation is limited to at most 6 subframes per radio frame. Furthermore no MBSFN subframe can be configured in subframes #0, # 4, #5 and #9. Due to these constraints, there are some impacts to the UL HARQ protocol operation over Un link, which will be in more detail described in the following.
2.1.1 Impact on HARQ protocol operation for Un interface 

As mentioned before a certain set of downlink subframes are configured as MBSFN subframe, for the transmission from deNB to Relay node (RN). Those subframes are referred to as downlink backhaul subframes in the following. Similarly there are also uplink subframes which are available for the transmission from relay node to deNB, which are denoted as uplink backhaul subframes. Those uplink backhaul subframes are either implicitly or explicitly given. Since downlink backhaul subframes cannot be configured at subframes 0,4,5 and 9, consequently R-PDCCH respectively R-PHICH cannot be transmitted at those subframes. Note that R-PDCCH is the downlink control channel (PDCCH) on the backhaul link  respectively R-PHICH denotes the PHICH for the backhaul link. This limitation of downlink transmission opportunities for R-PDCCH/R-PHICH results in some loss of UL HARQ transmissions opportunities and hence increased delay as shown in the figure below. 
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Figure 1: Rel-8 UL HARQ protocol operation for Un interface
The problem comes from the fact the HARQ RTT of the Rel-8 UL HARQ protocol is 8ms whereas the periodicity of the MBSFN configuration is either 10ms or 40ms.  As shown in figure 1, the corresponding R-PHICH/R-PDCCH for the R-PUSCH transmission in subframe 5 of radio frame[n] cannot be transmitted in subframe 9 of radio frame[n]. Same applies to the R-PUSCH transmission in subframe 1 of radio frame[n+2]. Assuming that a missed R-PHICH is considered by relay as ACK, like the Uu behaviour for the case a PHICH collides with a measurement gap, the HARQ process would be suspended, and a PDCCH is necessary in order to restart the HARQ process. 
2.1.2 Impact on HARQ protocol operation for Uu
Another impact is caused by collisions between UL transmission on the access link, i.e. transmission between UE and Relay node, and the UL backhaul link. Since in the UL backhaul subframes RN cannot receive data from a UE attached to the relay node, there will be some loss of transmission opportunities for the UL HARQ protocol on the access link. One exemplary collision scenario is shown in figure2.
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Figure 2: exemplary scenario for R-PUSCH transmission on backhaul link colliding with PUSCH transmission
In this exemplary scenario the relay node transmits an UL grant on PDCCH to the UE in subframe 1 of radio frame [n], which causes a PUSCH data transmission in subframe 5 of radio frame [n]. However when scheduling the UE the RN was not aware that the donor eNB has simultaneously scheduled an UL grant in subframe1 of radio frame [n] for the R-PUSCH data transmission in UL subframe5. As a consequence a collision of R-PUSCH and PUSCH happens in UL sub-frame 5 occurs. This scenario occurs because according to the current RAN1 agreements an R-PDCCH is sent in a downlink backhaul subframe, starting from the 3rd OFDM symbol earliest. When the donor eNB assigns backhaul resources to the RN through the R-PDCCH for the same subframe, the RN has already scheduled the UE under its control  through the PDCCH, which starts at the 1st OFDM symbol. Since RN cannot simultaneously receive data on PUSCH and send data on R-PUSCH, this collision will result in some loss of HARQ transmission opportunities for the access link. Here it’s assumed that R-PUSCH transmission has a higher priority than the PUSCH transmission. In order to avoid any collisions RN would not send any PDCCH assigning uplink resources on the access link in a downlink backhaul subframe. Hence the corresponding HARQ processes on the access link would be effectively blocked.
For illustrative purpose only the collision between data on the backhaul and access link has been mentioned here. It should be noted that there could be also collisions between uplink control signalling, e.g. PUCCH, on the different links as described in [2]. 

The next section discusses some solutions to the identified problems.
2.2. Potential solutions for UL HARQ protocol over Un interface
Several solutions aiming at minimizing the impacts described above have been proposed by other companies [1][2][3][4].
One proposed solution is to maintain a synchronous HARQ protocol however with a 10ms HARQ RTT by delaying R-PHICH to be 6ms. Since MBSFN subframes can be configured with a 10ms periodicity, R-PHICH/R-PDCCH can always be received. The benefit of this solution is that the synchronous HARQ protocol procedure from Rel-8 can be kept, which in turn requires less standardization effort and also requires a low signaling overhead on PDCCH. However it should be noted that it can only support MBSFN configuration with 10ms periodicity efficiently. For a MBSFN configuration with a 40ms periodicity, since MBSFN configuration could vary from frame to frame, it’s not always possible to transmit/receive R-PDCCH/R-PHICH with 10ms periodicity.
Adopting an asynchronous UL HARQ protocol for the Un interface was mentioned as another solution in order to also efficiently support the 40ms MBSFN configuration. However, compared to a synchronous HARQ protocol, the signalling overhead for PDCCH is increased, i.e. PDCCH needs to include a HARQ process ID. In [1] it’s suggested to apply a multi-mode HARQ protocol. Depending on the periodicity of the MBSFN configuration a synchronous HARQ protocol with 10ms Round Trip Time (RTT) or an asynchronous HARQ protocol is used. A problem we see with this solution is that essentially two HARQ protocols need to be supported in both deNB and RN, which adds in our view too much complexity.
In [2], the impact on Uu uplink transmissions is also analyzed. A list of the different collisions between uplink transmission on Un link and Uu link is presented. Several solutions are proposed for collision avoidance and/or collision recovery. One is to specify the rules for partitioning relay backhaul uplink subframes and relay access uplink subframes. In this approach, separate uplink subframes are reserved for each link. The consequence is that, those uplink subframes reserved for one link cannot be used for the other link even if they are not used. Another solution discussed in [2] is that RN prioritizes between relay backhaul uplink and relay access uplink when a collision occurs. However, extra interference and waste of resources may be caused when collisions cannot be avoided.
In our view for the Un interface, a simple synchronous UL HARQ protocol would be desirable which can reuse as much as possible of the UL HARQ protocol specified for Rel-8. It requires less standardization effort and also less signalling overhead. One potential solution could be to reuse the Rel-8 UL HARQ protocol operation just within the defined uplink backhaul subframes. As shown in Figure 3, a number of uplink HARQ processes are mapped on the available uplink backhaul subframes repeatedly. 
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Figure 3: exemplary scenario for synchronous UL HARQ protocol within defined uplink backhaul subframes
The corresponding R-PDCCH/R-PHICH for a certain R-PUSCH transmission on a HARQ process is decided by some rule, e.g. on nearest available downlink backhaul subframe. Note that nearest means within certain restrictions given by RN/eNB processing time requirements. This approach would maintain the synchronous UL HARQ protocol properties and can easily determine the timing relations among R-PDCCH, R-PUSCH and corresponding R-PHICH.
3. Summary
The purpose of this contribution is to kick-off discussions within RAN2 on the UL HARQ protocol over Un interface. Furthermore some initial thoughts on the relay backhaul UL HARQ protocol were presented.
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