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1. Introduction
In 3GPP RAN1#56 meetings, “type 1” RN (Relay Node) was chosen as baseline type in LTE-Advanced [1] at least. In the email reflector of RAN1 #56 meetings, “WF on Access-Backhaul partitioning of Relays” and corresponding text proposal for RAN1 #56bis was also agreed to define the RN transmission mode for access link and backhaul link:

· eNB → RN and RN → UE links are TDM in a single frequency band (only one active at a time)
· RN → eNB and UE → RN links are TDM in a single frequency band (only one active at a time)
· A scheme supported in FDD:
· eNB → RN in DL frequency
· RN → eNB in UL frequency
· A scheme supported in TDD
· eNB → RN in DL subframes of the eNB and RN
· RN → eNB in UL subframes of the eNB and RN
Herein, the main feature of the baseline relay solution is that TDM will be used in LTE-A so that the RN will not transmit and receive simultaneously at the same band, due to self interference between the receiver and transmitter of the relay.
It was shown that this baseline scheme brings potential collisions between UL backhaul link and UL access link, which will cause system performance degradation and excessive constraints on the RN scheduler. In this document, we will briefly describe these problems and propose some solutions.
2. UL HARQ Procedure for Access Link
2.1 Collision of Uplink Transmission
For Type 1 Relay, the resources between access link and backhaul link are TDM, it means that the subframes on which backhaul link transmission are configured can not be used by R-UEs (UEs served by RN) to communicate with RN. These subframes are set to be as MBSFN subframes on DL from UEs’ perspective [2], which do not contain any MBSFN data that R-UEs need. It makes possible for RN to transmit necessary control information to R-UEs, and implement DL backhaul transmission without awareness by R-UE. While for UL access link, RN could configure proper subframes for the initial uplink transmission of R-UEs, which are not reserved for UL backhaul. But when the initial transmission failed, there may be some collisions caused by the relevant HARQ retransmission. Since Rel. 8 LTE uplink is synchronized HARQ, UL retransmission would occur on subframe n+8 in response to the failed initial transmission on subframe n, while the same subframe n+8 may be assigned to RN for UL backhaul transmission. Considering RN cannot transmit and receive simultaneously in the same band, when UL retransmission on access link and UL backhaul transmission present on the same subframe, this collision will prevent R-UE’s retransmission from being correctly received by RN. 
On UL synchronized HARQ process, RN receives an R-UE’s initial transmission on subframe n unsuccessfully and sends NACK to the R-UE, then the R-UE retransmit the same data on subframe n+8. The restriction of synchronized HARQ makes RN can not schedule the retransmission of R-UE flexibly. To avoid the collision between UL backhaul transmission and R-UEs’ retransmission, when subframe m which is assigned for UL backhaul, the corresponding subframes m-8k (k = 1,2,3…) can not be configured to R-UEs for UL transmission, showed in Figure 1.
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Figure 1: Collision between UL backhaul transmission and UL HARQ retransmission on access link.
In Figure 1, RN schedules UL initial transmission of UE-A on subframe #0 of Radio Frame n, and then UE-A receives a NACK feedback on subframe #4. According to synchronized HARQ process, UE-A retransmits on subframe #8. In addition, RN schedules UL initial transmission of UE-B on subframe #8 of Radio Frame n. When both the retransmission of UE-A and the initial transmission of UE-B on subframe #8 are failed, the UL retransmission of the two R-UEs would occur on subframe #6 of Radio Frame n+1 which is assigned for UL backhaul. The collision makes RN can not receive the second retransmission of UE-A and first retransmission of UE-B correctly. In this example, subframe #6 of Radio Frame n+1 means the subframe m in above paragraph, subframe #8 of Radio Frame n is the subframe m-8 with k = 1 and subframe #0 of Radio Frame n is the subframe m-16 with k = 2. 

To avoid the collision and achieve compatibility of Release 8 UE, several methods have been proposed[3,7]: RN always sends ACK to the related R-UE regardless whether the on access uplink transmission is successful received or not, high layer will detect and manage the unsuccessful received data caused by the fake ACK; or eNB schedules backhaul link resources in semi-static fashion, and tRN blanks the corresponding UL subframes m-8k for R-UE in advance. Such subframe blanking can avoid collisions. However it brings a serious resource waste on access uplink. For a poor channel conditions of access link between RN and R-UE, this problem may get worse when the probability of R-UE UL retransmission increases.
On the other hand, introducing asynchronous HARQ process on access uplink can solve the collision effectively for LTE-A UE, which is the focus of this contribution. 
2.2 Asynchronous HARQ on Access Uplink
When the collision between backhaul and access uplink transmission happens, RN schedules LTE-A UEs in RN cell work via asynchronous HARQ on uplink, assigns the retransmissions of LTE-A UEs to other available subframes. To complete the asynchronous HARQ retransmission, RN may add some corresponding indication, which is different from the indications for Release 8 UEs, to explicitly inform the LTE-A R-UEs on which subframes it is allowed to retransmit. The additional indication may assign LTE-A R-UEs the available subframes for retransmission by indicating the number of the subframe directly or the offset based on the subframe of synchronized HARQ.
· subframe number indication 
When the collision occurs, RN should choose an available subframe not aligned with synchronized HARQ timing and give an explicit odditional indication to LTE-A R-UE. Simply put, RN gives the indication to related LTE-A R-UEs with an explicit indication as the number of the assigned subframe.  
For example shows in Figure 2, subframe #2 of Radio Frame n+1 is reserved for UL backhaul. If a LTE-A R-UE’s initial UL transmission on subframe #4 of Radio Frame n is failed, according to synchronized HARQ process, the retransmission will occur on subframe #2 of Radio Frame n+1 on which RN propagates UL backhaul signal to eNB. To avoid the meaningless retransmission on subframe #2, RN should indicate the R-UE to retransmit the packet on another subframe. RN schedules subframe #5 of Radio Frame n+1 for R-UE to perform the retransmission, and explicitly indicates it in UL Grant by additional indication P (position) of the assigned subframe number. After receiving the additional indication, R-UE will start to retransmit on subframe #5 instead of subframe #2 of Radio Frame n+1.
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Figure 2: direct indication for LTE-A R-UE
· offset indication
Different from direct indication, RN may give the additional indication to related LTE-A R-UEs in an indirect manner. RN chooses an available subframe and gives an additional indication with an offset based on the subframe of synchronized HARQ to LTE-A R-UE. 
An example is shown in Figure 3. The subframe #2 of Radio Frame n+1 is assigned for UL backhaul and LTE-A R-UE’s failed its initial transmission on subframe #4 of Radio Frame n, the same as the example above. According to synchronized HARQ process, subframe #2 of Radio Frame n+1 would be used for the retransmission and then the collision occurs. To avoid that collision, RN can configure subframe #3 of Radio Frame n+1 for R-UE to perform the retransmission and bear the additional indication in UL Grant sent to related R-UE. After receiving the additional indication of offset O, R-UE starts to retransmit on subframe #3 instead of subframe #2 of Radio Frame n+1. 
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Figure 3: indirect indication for LTE-A R-UE
In this section we discuss some schemes to avoid collisions between UL backhaul link and UL access link. The subframe number and offset indications are introduced for the configuration of the asynchronous HARQ retransmission of LTE-A R-UEs. Both of them need some extra overhead, while the offset indication method may cost less than subframe number indication. By configuring LTE-A R-UEs in asynchronous HARQ mode, RN can make full use of the subframes like m-8k which cannot be used by Release 8 UEs. Asynchronous HARQ would show more benefit as the ratio of LTE-A R-UEs to all R-UEs increases or more HARQ retransmissions are needed. The asynchronous HARQ process on UL access link can introduce more increase of the configuration flexibility and resource efficiency. It is worth to be further studied.
3. UL ACK/NACK Feedback for Access Link
3.1 Collision of Uplink Feedback
Similarly, when relay is in UL backhaul transmission, it cannot receive UL access transmission from its attached UEs. Hence, there is no UL ACK/NACK feedback from R-UEs in this subframe corresponding to previous DL access data transmissions, as depicted in Figure 4. In subframe #6 of the radio frame n, R-UE receives its DL access transmission. After 4 ms, that is in subframe #0 of the radio frame n+1 R-UE sends UL ACK/NACK for previous DL access data transmissions to relay. However, at the same time relay is sending UL backhaul transmissions to its donor eNB. In this case, if R-UE transmits ACK/NACK, relay will miss this UL feedback and this transmission would interfere with relay’s backhaul signals. Furthermore, loss of UL ACK/NACK especially can have a severe impact on DL PDSCH performance.

[image: image4.emf]#0 #1 #2 #3 #4 #5 #6 #7 #8 #9 #0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Radio Frame n Radio Frame n+1

UL backhaul 

transmission

DL access 

transmission

UL ACK/NACK 

feedback

UL backhaul 

transmission

RN

UE

eNB


Figure 4: Example of miss reception of UL ACK/NACK feedback on access link.
To maintain full backward compatibility to Rel-8 UE, several methods have been proposed to resolve the collision described above.

· Relay can “blanked” DL access transmission to its attached UEs in the subframe 4 ms before UL backhaul subframe to avoid missing UL ACK/NACK feedback from UEs. This method brings severe schedule limit and the significant downlink throughput loss in relay cell. 

· If UL ACK/NACK feedback on access link is missed by relay, it will be regarded as NACK by relay, and relay will schedule R-UEs to retransmit in the next procedure. This method may cause inefficient operation such as unnecessary retransmission [4].

· ACK/NACK repetition or aggressive scheduling is proposed in [5] which mean that RN controls the R-UE to repeat its ACK/NACK transmission. Even though it costs DL throughput slightly, it has minimum impact on LTE specification. 
· By allowing the RN to transmit during one slot of the subframe and receive during the other slot, a part of the PUCCH transmission can be received with which the packet could potentially be recovered [6][7]. The possible drawback of this method is ACK/NACK performance loss.
It is seen that the above solutions all have their drawbacks, which imposes significant constraints on RN scheduler and reduces the efficient resource utilization.
In the following section, several methods are proposed for maintaining UL ACK/NACK feedback to relay on access link for LTE-A UEs.
3.2 Possible Solutions
To ensure that LTE-A R-UEs’ UL ACK/NACK feedback on the access link do not collide with UL backhaul link transmission, several solutions are proposed in this section. In essence, by additional indication to DL grant of PDCCH, RN explicitly informs R-UEs the subframes on which it can send UL ACK/NACK feedback for previous DL access data transmissions to relay. Two detailed methods are enumerated to demonstrate this solution.
· subframe number indication
Relay is transmitting DL data to UE, and at the same time it explicitly indicates UE the subframe number on which UE can send UL ACK/NACK feedback for the corresponding DL data by using DL grant of PDCCH. So R-UE has the awareness about how to send UL ACK/NACK feedback for the DL access data it is receiving at the same subframe.
For example in Figure 5, in subframe #6 of the radio frame n, relay transmits DL data and PDCCH to R-UE. In DL grant, relay adds some special bits denoted by P to indicate the subframe #1 of the radio frame n+1 on which R-UE will send UL ACK/NACK feedback for the DL access transmission on subframe #6 of the radio frame n. After receiving the DL grant of PDCCH with additional bits P, R-UE will send UL ACK/NACK feedback on subframe #1 of the radio frame n+1.
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Figure 5: obtain UL ACK/NACK feedback subframe by indicating the subframe number
· offset indication
Relay transmits DL data to R-UEs, and at the same time it explicitly indicates R-UEs the offset value between the subframe number of sending UL ACK/NACK feedback and the subframe number of UL backhaul transmission. So R-UE has the awareness about how to send UL ACK/NACK feedback for the DL access data it is receiving at the same subframe.

For example in Figure 6, in subframe #6 of the radio frame n, relay transmits DL access data and PDCCH to R-UEs. In the DL grant of PDCCH, relay adds some special bits denoted by O to indicate the offset value between the original feedback subframe and the new feedback subframe. After receiving the DL grant of PDCCH with additional bits O, R-UE will send UL ACK/NACK feedback on the new subframe, e.g. subframe #2 of the radio frame n+1

[image: image6.emf]#0 #1 #2 #3 #4 #5 #6 #7 #8 #9 #0 #1 #2 #3 #4 #5 #6 #7 #8 #9

Radio Frame n Radio Frame n+1

UL backhaul 

transmission

DL access 

transmission

UL ACK/NACK 

feedback

UL backhaul 

transmission

RN

UE

eNB

DL Grant with 

O= 2

Subframe offset

O


Figure 6: obtain UL ACK/NACK feedback subframe by indicating the offset

In this section, two methods are discussed to address the potential miss of UL ACK/NACK feedback in access link. It can be seen that both two methods need a new DCI and add some overhead to DL grant of PDCCH. In comparison, method 2, i.e. indicating the offset, requires less overhead and could be considered as an option for LTE-A study. However, the more UL backhaul subframes are configured, the more UL ACK/NACKs may miss. Instead scheduling LTE-A R-UEs to feedback ACK/NACK in DL grant with some additional overhead, the collision between UL access link and UL backhaul link can be successfully avoided and the DL retransmission could be scheduled. Further more，the solutions described above provide scheduling flexibility and improve the resource utilization. 
4. Conclusion
In this document, the collision between UL backhaul link transmission and UL access link transmission is discussed. Several methods have been proposed to resolve the collision and enhance the performance of Type 1 relay. The proposals include:
· LTE-A R-UEs perform asynchronous HARQ retransmission according to the indication from RN.
· LTE-A R-UEs modify the feedback timing according to the indication from RN.
With the above proposals and corresponding signaling schemes, the overall performance of Type 1 relay could be further enhanced.
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