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1. Introduction 
Relays can be used to enhance system throughput and extend coverage. In LTE-Advanced in-band relay is proposed to efficiently utilize the available band and reduce the cost of backhaul link [1]. For in-band relay the same frequency band is used for the relay link and the access link. Due to self interference between the receiver and transmitter of the relay, TDD will be used in LTE-A so that the relay will not transmit and receive simultaneously at the same band. 

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]. In Rel-8, the UL retransmission is synchronous and the downlink retransmission is asynchronous. Due to the MBSFN subframe configuration, some issues of the HARQ operation synchronization exist in the relay link [3]. In this paper, we discuss the HARQ procedure for the backhaul link based on the current agreement.
2. HARQ Procedure for Relay Link Uplink
2.1. Overview
Figure 1 shows the timeline of DL and UL transmissions to and from the relay. Relay link downlink is termed as Un-DL and relay link uplink is termed as Un-UL. Access link downlink is termed as Uu-DL and access link uplink is termed as Uu-UL. The orange rectangles represent the subframes that cannot be configured as MBSFN subframes. The green rectangles represent MBSFN DL transmissions to the relay. In the figure subframes 1 and 7 are MBSFN subframes. Assuming that the relay receives an UL grant in subframe 1, the relay UL transmission will be received  in subframe 5, and the eNB will send the A/N back to the relay in subframe 9. The A/N will be signalled on the R-PHICH [4]. However, in this case, the relay can not receive the R-PHICH due to the conflict, i.e, subframe 9 cannot be used for MBSFN subframe.
In Rel-8, if the UE is in measurement gap during PHICH reception, it will assume an “ACK” is received and not perform the synchronous retransmission. The eNB may request for adaptive retransmission later on if necessary, which may incur additional delay. It is straightforward to handle the above R-PHICH miss reception as the Rel-8 procedure during the measurement gap. Obviously this will also incur some additional delay. Furthermore, due to the fixed timing of the uplink HARQ, the uplink packet may not be retransmitted synchronously for some MBSFN configuration. In general, since subframe 0, 4, 5 or 9 can not be configured as MBSFN subframe, it is difficult to keep the synchronous uplink retransmission as in the Rel-8.


Figure 1. An example where the PHICH will be missed due to timing conflicts.
2.2. Possible Solutions

2.2.1. Asynchronous HARQ transmission

A simple solution to the uplink HARQ problem is to use asynchronous HARQ retransmission. As previously discussed, asynchronous retransmission is when the A/N is received by the UE at a predetermined time and the grant to send the uplink retransmission can happen at a non-predetermined time. 
Further, the eNB does not need to send an R-PHICH to the relay for the uplink retransmission. Instead, the relay would not attempt to receive the R-PHICH but wait until the eNB sends an uplink grant for the possible retransmission over the physical control channel when retransmission is required. If no retransmission is required, the eNB does not send the uplink retransmission grant. In this way no R-PHICH transmission is necessary and the R-PHICH miss reception problem will not exist. 
Compared to the synchronous retransmission in Rel-8, the signalling overhead is increased (e.g., the DCI format 0 is always needed for the retransmission and the HARQ process information should be added in the DCI format 0) and the RTT is varying instead of constant.
2.2.2. Multi-mode HARQ transmission

MBSFN subframe patterns have periods of 10 ms or 40 ms, which means that MBSFN subframe patterns will be configured over every radio frame or over every four radio frames. For instance, if the MBSFN pattern is subframe 2 and 7 and the periodicity is 10 ms, 2nd and 7th subframe will be an MBSFN transmission for every radio frame. If the periodicity is 40 ms, the 2nd and 7th subframe of the first radio frame of every set of four radio frames will be MBSFN subframes. However for the second radio frame of every set of four radio frames, different subframes (e.g. the 3rd and 6th subframe) may be the MBSFN subframes.

If a 10 ms MBSFN configuration periodicity is used, synchronous HARQ transmissions can still be used by changing the RTT from 8 ms (as in Rel-8) to 10 ms. In other words, the eNB sends the R-PHICH 10 ms after sending the uplink grant. Since the MBSFN subframes repeat every 10 ms, the relay will not miss receiving the R-PHICH. The synchronous HARQ uplink procedure can therefore be maintained by delaying the R-PHICH transmission to be 6 ms after the uplink transmission instead of 4 ms as in Rel-8.

However for the MBSFN configuration with 40 ms periodicity, it is difficult to apply the synchronous HARQ.  The MBSFN configuration could vary from frame to frame. If a constant RTT (e.g. 40 ms) is defined, the retransmission delay could be unacceptable. However as we discussed in 2.2.1, asynchronous retransmission without R-PHICH is a simple solution to avoid the R-PHICH miss reception in this case, although with the increased signalling load.

Therefore to reduce signalling overhead, it is desirable to adopt synchronous HARQ with 10 ms periodicity MBSFN configuration. If MBSFN with 40 ms periodicity is configured then, asynchronous HARQ is a better solution. 

2.2.3. Synchronous HARQ transmission with rules
For the relay link uplink transmission, the relay will perform the uplink transmission 4 ms after receiving the uplink grant (like Rel-8). However, since the eNB can only send the R-PHICH  in MBSFN subframes, the A/N transmission timeline in Rel-8 may not apply as the next available MBSFN subframe may not be 4 ms after the UL transmission. The eNB will instead send the R-PHICH at the next available MBSFN subframe which is at least 4 ms after the relay link uplink transmission. 
Figure 2 illustrates this solution. It shows MBSFN subframes configured to be transmitted at subframes 1 and 7. The uplink transmission occurs at subframe 1, the eNB will then send the R-PHICH at the next available subframe which is subframe 7 instead of subframe 5. If this timeline is implicit between the eNB and the relay, the relay will know exactly when to receive the R-PHICH.




Figure 2. Proposed PHICH reception timeline for the relay link

After the relay receives the R-PHICH, a non-adaptive uplink retransmission may be applied as in Rel-8. For non-adaptive uplink retransmission, the relay will retransmit the uplink data 4 ms later after receiving the R-PHICH, as illustrated in Figure 2. 
The above descriptions are for the implicit self-adaptive HARQ procedure. Another way is the explicit self-adaptive HARQ procedure. 
As such the timeline for the HARQ transmission can be explicitly signalled by RRC signalling during the MBSFN configuration. For each MBSFN subframe configured, another MBSFN subframe is configured for the corresponding R-PHICH transmission. For example, if the MBSFN configuration is 2, 13, 22, 33 subframes. For each subframe, a corresponding MBSFN subframe for R-PHICH is set. An example table is shown as in Table 1, where the relay receives the uplink grant in MBSFN subframe 2, then the relay will expect it’s R-PHICH in MBSFN subframe 13. The configuration table is semi-static and can be signalled by the higher layer signalling. 
Table 1: R-PHICH configuration mapping

	MBSFN subframe
	Corresponding R-PHICH MBSFN subframe

	2
	13

	13
	22

	22
	33

	33
	2


Proposal: 

2 schemes are envisaged to support MBSFN configurations of both 10ms and 40ms. 

Scheme 1 – multi-mode HARQ

1) For 10ms, synchronous HARQ retransmission is maintained by delaying the R-PHICH to be 6ms, to reduce signalling overhead. 

2) For 40ms, asynchronous scheme is adopted to avoid unnecessary delays.  

Scheme 2 – synchronous HARQ with rules 

This scheme is equally applicable to both 10ms and 40ms periodicity and there are two options, i.e., implicit way and explicit way. 

RAN1 is kindly asked to discuss this issue and decide which scheme is preferred. 
3. HARQ Procedure for relay link downlink 

3.1. Overview 

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 3. 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 in 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 2. Example of miss reception of uplink transmission on access link.

Figure 3. Example of miss reception of uplink transmission on access link.

3.2. Possible Solutions 

3.2.1. 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 expects a missed reception of the access link uplink transmission.  Figure 4 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. 
After the UE receives the “NACK” from the relay, the Rel-10 UE may retransmit the packet to the relay using redundancy version (RV) 0 as in the initial transmission instead of using other redundancy version as specified in Rel-8. 


Figure 4. NACK feedback for the missed uplink transmission from the UE

Proposal: For the R-DL, the same A/N transmission timeline is used as in Rel-8. The relay sends a NACK back to the UE if miss reception of access link uplink transmission occurs. For Rel-10 UEs, RV index 0 is used for the uplink retransmission after receiving the “NACK” from the relay.
3.2.2. 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 5 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 5 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.
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Figure 5:  Example of UE UL HARQ process avoidance, with UL HARQ process 0

The arrows show the linkage between the 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.

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.
3.2.3. Aggregated HARQ Feedback 

As described earlier, when the relay is transmitting the A/N to eNB, the relay will not be able to receive the Uu-UL transmission. Even if there is no Un-UL data transmission, the relay still has to send the downlink A/N to the eNB and miss the Uu-UL transmission in that subframe. 

If there are multiple subframe Un-DL transmissions in a radio frame, it is not efficient to transmit the downlink A/Ns separately for each downlink transmission, especially when there is no uplink transmission in the associated subframe. Therefore, we propose to aggregate the downlink A/Ns together when there are multi-subframe downlink transmissions in a radio frame and small delay is not much of a concern. Figure 6 illustrates the aggregated Un-DL HARQ operation, where HARQ feedback for subframe 1, 2, 3 are aggregated together and transmitted in subframe 7.



Figure 6. Aggregated downlink HARQ operation for relay link

A simple way is that the eNB will explicitly signal the mapping relationship of the N/A aggregation to the relay node, i.e., how and which downlink backhaul subframes are mapped to the uplink N/A resources in the corresponding Un-UL subframe. By this way, the eNB and the relay node have the same information on the N/A aggregation and no confusion will occur. 

Another way is that in the relay link DCI format for downlink transmission, a 1-bit aggregated A/N indicator can be added to indicate if A/N needs to be transmitted 4ms after the downlink transmission from the relay to the eNB or it should wait to be transmitted together with other A/Ns. For example, if the indicator is set to 1, the relay will not transmit an A/N 4ms later. If the indicator is set to 0, the relay will transmit the aggregated A/N 4ms later. The A/N resources can be explicitly signalled by the eNB. Also it should be allowed to multiplex the aggregated A/N together with the uplink data in the same subframe. The disadvantage of using the 1-bit aggregated A/N indicator is that if the relay misses one uplink grant with indicator 0 or indicator 1, the out-of-sync could occur on the aggregated A/N transmission. For example, if an uplink grant with indicator 0 is missed, the relay will wait for the next A/N transmission opportunity while the eNB tries to decode it in the assigned A/N resources. The aggregated A/Ns may be missed in this case. If this can be detected by the eNB, the out-of-sync can be recovered by continuously sending uplink grants with indicator 0 for multiple times. In general, we feel this dynamic solution will incur additional complexity. 
Proposal: Aggregated A/N is used for the A/N transmission over the relay link. For simplicity, explicit signalling of the aggregated A/N resource mapping may apply.

4. Conclusions
In this paper, the issue of relay link HARQ operation is discussed. The following proposals are suggested for the relay link HARQ procedure:
Proposal: 

On the Un-UL, 2 schemes are envisaged to support MBSFN configurations of both 10ms and 40ms. 

Scheme 1 – multi-mode HARQ

3) For 10ms, synchronous HARQ retransmission is maintained by delaying the R-PHICH to be 6ms, to reduce signalling overhead. 

4) For 40ms, asynchronous scheme is adopted to avoid unnecessary delays.  

Scheme 2 – synchronous HARQ with rules 

This scheme is equally applicable to both 10ms and 40ms periodicity and there are two options, i.e., implicit way and explicit way. 

RAN1 is kindly asked to discuss this issue and decide which scheme is preferred. 

Proposal: On the Un-DL, to resolve the access link miss reception issue, we suggest that two possible schemes should be considered, i.e., the relay “Always NACK” or UE UL HARQ process avoidance. RAN1 is kindly asked to discuss this issue further. 
Proposal: Aggregated A/N is used for the A/N transmission over the relay link. For simplicity, explicit signalling of the aggregated A/N resource mapping may apply.
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