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1. Introduction 
It is agreed that MBSFN subframes are used for the DL backhaul transmission. However MBSFN subframes can not be configured at subframe 0, 4, 5 or 9 of a radio frame [2]. Due to the constraints of the MBSFN subframe configuration, some issues of the HARQ operation exist in the Un-DL interface [3]. In this paper, we discuss these issues and propose solutions based on the current agreements.
2. DL HARQ over the Un interface  

If the relay UEs are transmitting to the relay when relay is transmitting A/N to the eNB, the relay will miss the transmissions from the UEs due to the self interference, as shown in Figure 1. Subframes 1 and 7 are configured to be MBSFN subframes. In subframe 1, the relay receives a downlink transmission from the eNB and also sends an uplink grant to the relay UEs via the MBSFN PDCCH. At subframe 5 (4 ms later), the relay sends an A/N to the eNB and the UE sends an uplink transmission to the relay at the same time. In this case the relay will miss the uplink transmission from the UE. 
Furthermore, the relay will not transmit an A/N to the UE for the missed uplink transmission and this may cause access link data loss or additional interference if the UE performs synchronous retransmission. In addition, the relay link can not always achieve the minimum RTT (8ms) as in Rel-8 due to the MBSFN configuration.

 






Figure 1. Example of miss reception of uplink transmission on access link.

3. Possible Solutions 

3.1. Relay “Always-NACK”     

Assume the relay link uplink data transmission/retransmission is 4 ms after the uplink grant. The relay will miss the Uu-UL transmission only when the relay sends the uplink grant to the UE during the Un MBSFN subframe PDCCH region. Hence if the relay avoids the Uu-UL grant transmission during the corresponding Un MBSFN subframe, there will be no problem. In our opinion, it is not efficient to prohibit relay sending uplink grant during this Un MBSFN subframe and we suggest the following solution. 

Since the relay decides to send the Uu-UL grant before receiving from eNB in the MBSFN subframe, the relay node will not be able to make the “smart” scheduling for the access link uplink grant during the MBSFN PDCCH region. However, the relay knows when the access link uplink transmission will occur. Therefore, the relay can simply send a NACK back 4 ms after the access link uplink transmission (or 8 ms after relay sends the uplink grant) when the relay determines (from the reception of the MBSFN subframe from the eNB) a missed reception of the access link uplink transmission.  Figure 2 illustrates this scenario. 
Subframes 1 and 7 are configured to be MBSFN subframes. The relay receives a Un-DL transmission at subframe 1 and the relay also sends an uplink grant to the UE at subframe 1.  At subframe 5, the relay sends A/N to the eNB and will miss the uplink transmission from the UE. The relay knows that the uplink transmission on the access link was missed and sends a NACK to the UE at subframe 9. After receiving the NACK, the UE performs uplink retransmission at subframe 3. The relay is able to receive the uplink transmission from the UE at subframe 3. If the uplink transmission is correctly received the relay sends an ACK to the UE at subframe 7 and the HARQ transmission for this transport block is completed. 

Figure 2. NACK feedback for the missed uplink transmission from the UE
3.2. UE UL HARQ Process Avoidance

An alternative approach would be to avoid the use of one or more Uu-UL HARQ processes at the UE.  This technique takes advantage of the facts that synchronous HARQ is used by the UEs on the uplink access link (Uu-UL), and that the length of the Uu-UL synchronous HARQ cycle (i.e. 8 ms) evenly divides into the length of a 40 ms MBSFN configuration.

Figure 3 shows an example of what is proposed for a 40 ms MBSFN configuration.  The yellow subframes show subframes that are reserved for the Un-UL backhaul.  An individual reserved Un-UL backhaul subframe may or may not actually be used by the Relay-Node depending on whether the Relay-Node receives a Un-UL grant from the Donor-eNB for that subframe and/or whether the Relay-Node has any uplink data to send.  These Un-UL backhaul subframes occur with a fixed periodicity of 8 ms, which matches the periodicity of the synchronous uplink HARQ being used on the Uu-UL.  The Relay-Node will never issue Uu-UL grants for those particular subframes, so there will never be any danger of a collision occurring and uplink data from a UE being lost since the Relay-Node was unable to receive it.  This eliminates the additional latency and UE power consumption that would be incurred in the event of Uu-UL retransmissions being required due to uplink collisions.  The net effect is to essentially remove one of the Uu-UL HARQ processes at the UE from use.

The Relay-Node’s downlink (Un-DL) as shown in Figure 3 gives an example Un-DL backhaul subframe configuration (as shown by the green subframes).  These occur during MBSFN subframes and have been assigned such that they occur with an average periodicity of 8 ms (in order to match the periodicity of the Un-UL subframes – i.e. there is a one-to-one mapping between each Un-DL subframe and a corresponding Un-UL subframe).  Note that an exact periodicity of 8 ms is impossible to achieve due to the red subframes being unavailable for Un-DL backhaul use.  In these situations, a nearby available MBSFN subframe has been assigned as a Un-DL backhaul subframe. The positioning of these nearby subframes also takes into account the Un-UL periods (in yellow).
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Figure 3:  Example of UE UL HARQ process avoidance, with UL HARQ process 0

The arrows show the linkage between these Un-DL subframes and the Un-UL subframes (i.e. for Un-UL grants and/or A/N feedback on the Un-UL).  The delay varies from a minimum of 4 ms to a maximum of 6 ms, but is never less than the current fixed 4 ms relationship for LTE.  This allows for sufficient decoding time of Un-DL transmissions at the Relay-Node before the corresponding ACK/NACK information must be sent to the Donor-eNB on the Un-UL.

The dark purple subframes show the Uu-UL subframes that are not used (i.e. barred from use), since they coincide with the Un-UL backhaul subframes.  Note that the regular 8 ms repetition of the barred Uu-UL subframes results in the UE’s UL HARQ process 0 never being used.  It is also desirable for the UE to avoid transmitting ACK/NACK information in response to earlier Uu-DL transmissions during these barred subframes since the Relay-Node may not be able to receive that information. To achieve this we analyse the Uu-DL. 
The light blue subframes on the Uu-DL correspond to MBSFN subframes where Uu-DL transmissions to UEs cannot occur and Uu-UL grants must not be sent to the UEs, since a barred Uu-UL subframe occurs four subframes later.  
The dark blue subframes correspond to MBSFN subframes where Uu-DL transmissions to UEs cannot occur, but Uu-UL grants can be issued to UEs.  
Finally, the pink subframes correspond to non-MBSFN subframes where Uu-DL transmissions to UEs could but should not occur (to avoid triggering an ACK/NACK transmission during a barred Uu-UL subframe), and Uu-UL grants must also not be sent to the UEs.  
Note that the positions of the Un-DL backhaul subframes (green subframes) and corresponding completely barred Uu-DL subframes (light blue subframes – Uu-UL grants cannot be issued in these subframes) have been aligned where possible, since the Relay-Node would not be able to make Uu-DL transmissions (other than the control channels) in these subframes anyway.  As a result, an additional two Uu-DL subframes per 40 ms period (i.e. 5% of the total subframes) must also be considered to be barred (pink subframes).  Thus, the additional barred Uu-DL subframes that are required for the UL HARQ process avoidance scheme have a minimal impact on the total subframes that are available for use by the Relay-Node for Uu-DL transmissions.
4. Conclusions
In this paper, the DL HARQ operation over the Un interface is discussed. To resolve the Uu miss reception at the Relay-Node during the UL HARQ transmission, two options are possible:
1. Relay “Always NACK”. 

2. UE UL HARQ process avoidance. 
RAN2 is kindly asked to decide on which option is preferred.  
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