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1. Introduction 

Resource allocations for relay link have been discussed in [1-4] during recent meetings. It is noted that the ACK/NACK feedback and HARQ retransmissions of relay link and access link significantly limit the number of allowable subframes for relay link communication. In order to ease that constraint, we propose asynchronous HARQ for uplink communication of relay link.
2. Uplink asynchronous HARQ for relay link
The discussion consists of asynchronous HARQ process and its control.   
2.1 UL asynchronous HARQ 
Synchronous HARQ is adopted in LTE uplink due to the relatively small overhead of PDCCH and PUCCH. Those overhead can be very high when UE is at poor geometry. With synchronous HARQ, UE is supposed to retransmit the packet in the 4th subframe after receiving NACK. Similarly if UL HARQ of relay link is synchronous, upon receiving a NACK, relay node (RN) has to retransmit the packet after certain fixed number of subframes. Therefore, synchronous HARQ puts significant constraints on allowable subframes for relay link transmission.   
Such constraints can be alleviated by using asynchronous HARQ in relay link. Asynchronous HARQ is also able to re-configure the scheduling grant during retransmissions so that the resource can be optimally utilized. Channel conditions are usually good in relay link where efficient use of resource is more important. Good channel condition also allows certain signaling overhead associated with asynchronous HARQ.
The effect of asynchronous HARQ is illustrated in Figure 1. In Figure 1a, RN receives NACK from eNB in n-th subframe and m-th subframe, respectively. HARQ retransmissions are scheduled in (n+4)-th subframe and (m+5)-th subframe, respectively. In another word, per HARQ round-trip time can be 8 ms or 9 ms, in this case.  
Figure 1b shows another example of asymmetric setting of downlink and uplink subframes. RN receives NACK feedback of Data A and Data B at n-th and (n+1)-th subframes, respectively. Data A and Data B retransmissions are scheduled in (n+5)-th subframes.

In addition, asynchronous HARQ allows scheduler to prioritize retransmissions to better utilize the radio resource or based on QoS requirement. For example, when RN serves multiple UEs, data from each UE would have different QoS requirement. However, resource of relay link can be limited. Therefore, scheduler needs to have the freedom to prioritize retransmissions to fulfill QoS of each user’s traffic, the fairness of the system, and to maximize the system throughput. For example in Figure 2, RN receives NACK feedback of Data A and Data B in n-th subframe. Due to limited resource in relay link, RN cannot retransmit the two sets of data simultaneously. Scheduler decides that Data B should be retransmitted earlier than Data A. 
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Figure 1. Asynchronous HARQ in relay uplink
2.2 Control signaling of UL asynchronous HARQ
Due to the synchronous HARQ in LTE uplink, UL grant of does not have the subframe information for HARQ retransmission. Such information needs to be added in UL grant format when asynchronous HARQ is supported in the uplink.
There are two ways to indicate the subframe for HARQ retransmission. The first one is to specify the gap between NACK reception and HARQ retransmission. The gap can be defined in number of subframes as Table 1 shows. RN sends data to eNB in m-th subframe and the data decoding fails. NACK feedback is sent in (m+4)-th subframe, together with UL grant for retransmission. For example, if the control information parameter is “10”, that means the gap is 6 and HARQ retransmission is scheduled in (m+10)-th subframe.
Table 1. Indication of subframe interval
	Indication bits
	Subframe interval

	00
	4

	01
	5

	10
	6

	11
	7


Alternatively, UL grant can indicate the subframe number for HARQ retransmission. Such direct indication could result in some uncertainty, for example, the subframe may be within the current radio frame, or in other radio frames. Therefore, certain signaling setting should be agreed upon to avoid potential ambiguity. One possible arrangement would be: if the subframe number is higher than that of NACK, it is assumed within the current radio frame. Otherwise, the subframe resides in the next radio frame. For example, RN sends data to eNB in #3 subframe of k-th radio frame. eNB fails to decode the data and sends NACK in #7 subframe. eNB also sends the UL grant in #7 subframe and the grant carries the subframe indicator parameter of “101”. According to Table 2, RN retransmits the data in #6 of (k+1)-th radio frame.   

Table 2. Indication of subframe Number
	Indication bits
	Subframe No.

	000
	1

	001
	2

	010
	3

	011
	4

	100
	5

	101
	6

	110
	7

	111
	8


3.  Conclusions

The contribution showed that by introducing uplink asynchronous HARQ, requirement for retransmission periodicity can be relaxed and resource allocation of relay link can be more flexible. Asynchronous HARQ also allows more optimized resource scheduling to prioritize retransmission based on QoS requirement, to ensure fairness and improve system throughput. Corresponding control signaling was discussed and two schemes were proposed for subframe number indication in UL grant.
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