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1 Introduction
Under the definition of Type II RN in [1], several DL/UL transmission schemes of Type II RN were presented [2,5]. In this contribution, we discuss some details on the HARQ process of Type II RN. 
2  DL Transmission
Four DL transmission schemes of Type II RN are discussed as seen below, and more details were proposed in[2,3]:
Scheme 1: cooperation between DeNB and RN on initial transmission and retransmission
Scheme 2: Two-Hop transmission, no cooperation in the second hop 

Scheme 3: cooperation between multiple RNs in the second hop for initial transmission and retransmission
Scheme 4: RN overhears and assists retransmission
· Scheme 1
DeNB sends downlink transmission block (DL TB) and DCI 2 of target R-UE to RN, while DCI 2 indicates the scheduling information for access link in the second hop. The backhaul transmission uses HARQ process, and only when DeNB receives ACK from RN, the initial transmission in the second hop is based on the assigned resources by DCI 2. For the second hop transmission, DCI 2 is sent by DeNB and TB is transmitted by both DeNB and RN. And then, RN overhears the ACK/NACK from R-UE, in the case of NACK, both DeNB and RN would carry out the retransmission, as showed in Figure 1.
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Figure 1 DL transmission scheme 1
For HARQ retransmissions, there are two alternatives:
1. Synchronous and non-adaptive retransmission
Using synchronous and non-adaptive retransmission for access link has some advantages such as no extra control signal needed for scheduling retransmissions, and no delay introduced for HARQ process. On 4 subframes later, non-adaptive retransmission are implemented by DeNB and RN simultaneously.
2. Asynchronous and adaptive retransmission
Adaptive retransmission can provide more flexibility and channel adaptability. For the sake of higher retransmission efficiency on access link through dynamically scheduling, some re-assignment information needs to be communicated between DeNB and RN on backhaul. After receiving new DCI 2, RN and DeNB retransmit to R-UE on assigned resources.
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Figure 2 HARQ process of DL transmission scheme 1

The DL HARQ process timing of scheme 1 is showed in Figure 2: 
k1 -  4ms is the preferred value for k1, which means that backhaul DL transmission occurs on subframe n and UL transmission occurs on subframe n+4. Such setting facilitates the subframe allocation between backhaul link and access link, avoids the possible collision between RN UL backhaul transmission and overhearing of R-UE HARQ feedback. k1 can take some other values depending on the capability of RN.
k2 -  It depends on the processing (demodulation, decoding, scheduling) capability of DeNB and the allocation of backhaul link DL subframe. In other words, 
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k3 -  the same as k1

k4 -  to decide the value of k4, two factors should be considered. On one hand, RN needs implement re-codeing/modulation/mapping to assigned resource of the correctly received TB in k4 ms completely. On the other hand, while NACK is received, DeNB should release and reschedule the resources assigned by DCI 2 for some other M-UEs during k4 ms. 
k5 -  according to Rel-8 protocol, 
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k6’ -  when asynchronous adaptive HARQ retransmission is used on backhaul link, shown in blue in Figure 2, DeNB needs to indicate RN the new DCI 2. And then according to new DCI 2, RN cooperates with DeNB in the retransmission to R-UE. To indicate the new DCI 2, a backhaul DL transmission should be assigned.
k6 -  when synchronous non-adaptive HARQ retransmission is used on backhaul link, 
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, no backhaul control information is communicated between DeNB and RN, the same assignment, such as MCS and resources is used for retransmission.  
k7 -  according to Rel-8 protocol, 
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· Scheme 2
DeNB sends TB on first hop. If received correctly, only RN transmits TB according to DCI 2 on second hop, DeNB sends only DCI 2 to R-UE. In scheme 2, resources could be reused among the RNs whose coverage areas are not overlapped, shown in Figure 3. 
The DL HARQ procedure of scheme 2 is the same with scheme 1, retransmission may use synchronous and non-adaptive mode or asynchronous and adaptive mode, the differences between the two schemes is that on second hop DeNB only send DCI 2.
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Figure 3 DL transmission scheme 2
· Scheme 3 
The difference from 2 is that during the second hop, multiple RNs participate in the (re)transmissions to the same UE, assuming that coverage areas of those RNs are overlapped. In the first hop, DeNB sends TB and DCI 2 to more than one RN (for example two RNs are shown in Figure 4).
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Figure 4 DL transmission scheme 3

To make sure multi-RN cooperative transmission, the TB should be correctly received by all the involved RNs. In another words any NACK from a RN may cause retransmission in the first hop. The HARQ procedure is showed in Figure 5.
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Figure 5 HARQ process of DL transmission scheme 3 (1)
In Figure 5, synchronous and non-adaptive retransmission is used, and the values of 
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 are similar to those in Figure 2.
In the first hop, TB is transmitted from DeNB to two RNs. If one of RNs does not receive the TB correctly, a retransmission should be implemented on backhaul link, at the same time, the resource assignment indicated by DCI 2 is invalidated. DeNB should retransmit TB and new DCI 2 to RNs.
After the first transmission in the second hop, the two RNs overhear the feedback from R-UE. If NACK is heard, the two RNs prepare for a synchronous non-adaptive retransmission. In the case of one RN misses the NACK, shown as the dashed line, the TB retransmission would be implemented only by the other RN.
When asynchronous adaptive retransmission is used on the second hop, the HARQ procedure is shown below:
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Figure 6 HARQ process of DL transmission scheme 3 (2)
When NACK is received by RNs, DeNB should reschedule the retransmission dynamically and indicate RNs the new DCI 2. During this process, a DL backhaul transmission should be assigned, some extra delay is inevitable. And new DCI 2 missed detection may be occurred, shown in the dashed line, the RN without new DCI 2 does not implement retransmission and some performance loss could be incurred.
Some alternatives based on scheme 3 may be considered: 

- If some RNs do not decode the TB correctly in the first hop, we only allow those who received TB correctly to participate in the cooperative transmission in the second hop. Therefore, no backhaul retransmission is needed.
- The second hop transmission may be participated by DeNB and RNs.
· Scheme 4
A simple transmission scheme of Type II RN is that RN overhears the direct link initial transmission and R-UE feedback and assists retransmission if NACK is received. In case of TB is not decoded correctly by RN, retransmission would be carried out only by DeNB.
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Figure 7 HARQ process of DL transmission scheme 4
Scheme 4 has the least need of control information communication on backhaul link. After some initial pairing of RN and R-UEs, for which R-UE a RN should overhear and provide service, no more control information is needed to indicate RN. When direct link initial transmission from DeNB is not correctly received by target R-UE, yet RN decodes the TB correctly, and then DeNB and RN should implement a synchronous non-adaptive retransmission 4 ms later after NACK. In case of RN does not receive the TB correctly, no signal is transmitted on access link.

.
· DL Schemes Summary
The four DL schemes of Type II RN are sum up in table below:
	
	Backhaul TB Trans
	Initial Trans
	Retrans

	
	
	DeNB
	RN(s)
	DeNB
	RN(s)

	Scheme 1
	(
	(
	(
	(
	(

	Scheme 2
	(
	(
	(
	(
	(

	Scheme 3
	(
	(
	( (
	(
	( (

	Scheme 4
	(
	(
	(
	(
	(


3 UL Transmission
Synchronous HARQ process is adopted in LTE UL transmission, UL transmission scheme of Type II RN must follow a strict timing in order to fulfill backward compatibility to Rel-8 UEs[2,4]. Considering of the transparent character of Type II RN, two UL transmission schemes and corresponding HARQ procedures are discussed:
Scheme 1: overhear and assist retransmission
Scheme 2: RN feedback and retransmit on backhaul link
· Scheme 1
RN overhears PDCCH of DeNB and gets the UL Grant for target R-UE, and then overhears the R-UE UL transmission. If DeNB receives the TB correctly, sends ACK via PHICH. If NACK is received, non-adaptive retransmission is carried out by both R-UE and RN, shown in Figure 8:
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Figure 8 HARQ process of UL transmission scheme 1
According to synchronous HARQ on uplink, these is not enough time for backhaul to communicate the control information of retransmission, such as resources assignment, new MCS .etc, only non-adaptive retransmission can be implemented. 
In case of the TB is not overheard correctly, RN cannot assist the retransmission, and no combination gain be achieved. 

Because of the synchronous nature of UL HARQ process, R-UEs served by the same RN should be carefully scheduled in order to avoid the collision of RN between backhaul uplink transmission and overhearing on access uplink. It brings some restriction on the scheduling of R-UE.
· Scheme 2 
RN overhears PDCCH, gets UL Grant and R-UE uplink transmission, and then RN feeds back to DeNB. Based on the feedback and the outcome of the TB decoding at DeNB, retransmission may be assigned for backhaul link or direct link.  
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Figure 9 HARQ process of UL transmission scheme 2 (1)
Figure 9 shows a HARQ procedure when the initial uplink transmission fails on subframe n+4+s1. RN sends its feedback of the decoding outcome, and then DeNB assigns RN retransmit the TB on backhaul link, and indicate R-UE a “fake ACK”.
The corresponding parameters are: 
s1 - if RN has sufficient capability to provide the feedback before DeNB sends PHICH to R-UE, DeNB may decide to indicate R-UE ACK or NACK according to the feedback from RN. When the feedback is NACK, DeNB should assign and schedule a retransmission for R-UE.  

    If the feedback from RN cannot be received early enough, i.e. 
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, DeNB would send an ACK to R-UE. And then DeNB assigns backhaul retransmission when RN correctly decodes the TB and sends an ACK. If RN still cannot decode the TB correctly, DeNB would schedule R-UE retransmission in the direct link.
    In addition, the value of s1 is also restricted by the subframe allocation of backhaul and access link because RN cannot overhear access uplink and transmit on backhaul uplink simultaneously.  
s2,s3,s4 - indicating the timing of scheduling, data transmission and feedback on backhaul link, respectively. They are determined only by the subframe allocation of backhaul link. To minimize end-to-end delay, the value of s2, s3, s4 should be made as small as possible.
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Figure 10 HARQ process of UL transmission scheme 2 (2)
Figure 10 shows the condition when a TB is not received correctly by RN. “fake ACK” is sent to R-UE, and then the DeNB schedules resources and indicates R-UE to implement a retransmission in direct uplink. According to synchronous HARQ procedure, the latest retransmission may be assigned on subframe n+20, RN continues overhearing on access uplink.
Base on the discussion above, scheme 2 may reduce the times for retransmission and the consumption of battery for R-UE in condition of RN decodes the TB correctly. Even though the feedback from RN is NACK, DeNB could reschedule R-UE retransmission of the TB in direct link, with some delay. Comparing with scheme 1, some backhaul control information is needed to indicate the outcome of RN decoding. 
· UL Schemes Summary
The two UL schemes of Type II RN are sum up in table below:

	
	Backhaul Control Information
	Initial Trans
	Retrans

	
	
	UE
	RN
	UE
	RN

	Scheme 1
	(
	(
	(
	(
	(

	Scheme 2
	(
	(
	(
	(
	(


4 Conclusion
In this contribution, we discussed Type II RN HARQ procedure in DL/UL transmission. 
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