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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, TDM 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 constraints of the MBSFN subframe configuration, some issues of the HARQ operation exist in the Un interface [3]. In this paper, we discuss the UL HARQ issues over the Un interface and propose some solutions based on the current agreements.
2. Synchronous HARQ over Un-UL
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 A/N 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 A/N 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 A/N 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 A/N will be missed due to timing conflicts.
3. Possible Solutions

3.1. Asynchronous HARQ transmission

A simple solution to the uplink HARQ problem is to use asynchronous HARQ retransmission. 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 A/N to the relay for the uplink retransmission. Instead, the relay would not attempt to receive the A/N 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 A/N transmission is necessary and the A/N miss reception problem will not exist. 
To achieve this and compared to the synchronous retransmission in Rel-8, the signalling overhead needs to be increased i.e., 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. 
3.2. 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 A/N 10 ms after sending the uplink grant. Since the MBSFN subframes repeat every 10 ms, the relay will not miss receiving the A/N. The synchronous HARQ uplink procedure can therefore be maintained by delaying the A/N 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 3.1, asynchronous retransmission without A/N is a simple solution to avoid the A/N miss reception in this case, although with the increased signalling load.

Therefore to avoid the signalling overhead which would be introduced by adopting an asynchronous HARQ scheme, it is desirable to adopt synchronous HARQ but with a delayed transmission of the A/N to 6ms for the 10 ms periodicity MBSFN configuration. If however MBSFN with 40 ms periodicity is configured then, asynchronous HARQ is a better solution. Therefore, depending on the MBSFN periodicity, different HARQ transmission scheme will apply.

3.3. 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 A/N  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 A/N 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 A/N 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 A/N. 





Figure 2. A/N reception timeline for the relay link
After the relay receives the A/N, 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 A/N, 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. 
In this alternative to the implicit procedure 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 A/N transmission. For example, if the MBSFN configuration is 2, 13, 22, 33 subframes. For each subframe, a corresponding MBSFN subframe for A/N 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 A/N in MBSFN subframe 13. The configuration table is semi-static and can be signalled by the higher layer signalling. 
Table 1: HARQ configuration mapping

	MBSFN subframe
	Corresponding A/N MBSFN subframe

	2
	13

	13
	22

	22
	33

	33
	2


4. Conclusions
In this paper, the issue of HARQ operation over Un-UL is discussed. 2 schemes are described to support MBSFN configurations of both 10ms and 40ms. We ask RAN 2 to consider both schemes and decide on one.
Scheme 1 – multi-mode HARQ

1) For 10ms, synchronous HARQ retransmission is maintained by delaying the A/N by 6ms, to reduce signalling overhead. 
2) For 40ms, asynchronous scheme is adopted to avoid unnecessary delays.  

Scheme 2 – synchronous HARQ with rules 
1) Implicit rule: eNB A/N is sent in the next available subframe
2) Explicit rule: eNB A/N is sent in an explicitly indicated subframe as configured by the eNB during MBSFN configuration.
This scheme is equally applicable to both 10ms and 40ms periodicity. 
References

[1] R1-091112, “Text proposal on type 1 relaying”

[2] 3GPP TS 36.331, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification”
[3] 3GPP TR 36.213: "Evolved Universal Terrestrial Radio Access  (E-UTRA); Physical Layer Procedures"
[4] R1-090664, “Comparison of in-band relaying methods in FDD mode”, LG Electronics
6





7





8





9





0





1





2





3





4





5





6





7





8





9





0





1





2





3





4





5





6





7





8





9





0





1





2





3





5





4





3





2





1





0





9





8





7





6





5





4





3





2





1





0





Un-DL (RN)

















RX





TX





TX











RX











TX





TX

















RX





TX





TX



































RX











TX





TX

















RX





TX





TX











RX











TX





TX

















RX





TX





TX











RX











TX





TX

















RX





TX





Normal A/N  reception 





A/N reception at next available MBSFN subframe





Un-UL (RN)













































































TX



















































































TX



























































TX

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TX





RX

















TX





TX











RX











TX





TX





RX

















TX





TX











RX











TX





TX





RX

















TX





TX











RX



































TX





TX





RX

















TX





TX











RX











TX





TX





RX















































TX

































































































































































































































































Un-DL (RN)





Un-UL (RN)





0





1





2





3





4





5





6





7





8





9





0





1





2





3





4





5





6





7





8





9





0





1





2





3





4





5





6





7





8





9





0





1





2





3





4





5





6





7





8





9





0





1





2





3





No A/N reception








































































































































































































































































































































































































































































































































































































2

