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1
Introduction
Relaying has been examined as one of the technologies in the LTE-Advanced study item to enhance coverage and capacity. It is necessary that relays can support legacy R8 UEs to provide backward compatibility with coverage extension [1][2]. Implementation options considered in [3] outline the use of MBSFN subframes for backhaul link to ensure backward compatibility with R8 UEs and RAN#42 decided to use this mechanism [6]. Further contributions on applicability aspects of this mechanism to FDD were considered in [4] and [5]. 
This contribution aims to discuss the frame structure with MBSFN configuration for TDD relay with in-band self-backhauling scenario.
2
Discussion
TDD relays need to support UL and DL transmission to/from both the mother eNB and the subordinate UE. This forms 4 links, or a quadruplex relay frame structure. In the TDD relay, a set of UL and DL subframes need to be reserved for backhaul links RN-eNB and eNB-RN respectively; likewise, a set of UL and DL subframes is reserved for relay access links UE-RN and RN-UE respectively. For backward compatibility with R8 UEs, MBSFN subframe could be configured on the relay access links when there is ongoing communication on relay backhaul link [3]. 

2.1
Basic solution for TDD relay with MBSFN 
A straightforward way for TDD relay is to use the same solution as FDD, i.e. there is the same TDD UL-DL configuration between eNB-RN link and RN-UE link. In such case, then naturally we can set some downlink subframes to MBSFN subframe to allow RN to receive from mother eNB and “null” some UL subframe of UE-RN link when RN is transmitting to the mother eNB (RN is not allowed to be in Tx and Rx mode at the same time). To null UL transmission of UE-RN link, it is easy to use scheduling restrictions to avoid UL transmission, however it may lead to the following impacts:

1) When RN is transmitting to the mother eNB, the corresponding UL subframe has to be nulled at RN cell. To realize this operation, for most of TDD configurations we have to blank multiple DL sub-frames to prevent HARQ feedback in this (RN->eNB) UL subframe or operate the associated DL sub-frames in transparent transmission mode without any HARQ feedback. It is foreseen that such operations will have severe impact on the DL transmissions efficiency inside RN cell. One simple example for TDD configuration 2 in figure 1 shows DL subframe #4, #5, #6 might be impacted because RN can not receive anything in UL subframe #2 from its connected UE at the same RN is transmitting to the mother eNB (in fugure1, “U” means Uplink sub-frame; “D” means Downlink sub-frame; “M” means MBSFN sub-frame; “S” means special sub-frame; “N” means Null) 
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Figure 1 Same TDD FS configuration in TDD Relay
2) Such method is hard to be applied to some TDD configurations, i.e. configuration-6: for configuration-6, only one DL sub-frame in 10ms period can be used to backhaul link, i.e. sub-frame #9, because subframe #0, #1, #5 and #6 in TDD can not be configured as MBSFN subframe. Furthermore, the associated feedback (i.e. PHICH) of this DL sub-frame #9 is not always related to the same UL HARQ process. So all the UL HARQ processes will be impacted if we reserve this DL sub-frame for backhaul link from eNB to RN and one fixed UL subframe e.g. per radio frame for backhaul link from RN to eNB. Another way is to reserve the corresponding DL subframe containing the PHICH associated with the same UL HARQ process, however not all DL sub-frames can be configured as MBSFN subframes. So if not changing the existing HARQ timing to be used for relay access link, TDD configuration-6 is difficult to be used for relay transmission.  But changing HARQ timing is not preferred approach bearing in mind that maintaining R8 backward compatibility as much as possible is very beneficial to minimize the implementation cost/complexity of Relay as well as easier introduce Relay in future for operator. 
3) In addition, TDD configuration 0 and configuration 5 are not applicable to TDD relay also because sub-frame #0, #1, #5 and #6 can not be used to MBSFN due to P-BCH, P-SCH and S-SCH for configuration-0, and the only UL sub-frame #2 can not be nulled for configuration-5.
As to the standardization efforts of this solution: 1) DL control and data transmission in backhaul link needs new design because RN can not listen to the control information from mother eNB at the same time it transmits its own control information and RS to RN connected UE, and data transmission from eNB to RN taking into account the Tx/Rx switching time and propagation time from eNB to RN; 2) UL control and data transmission can not be done over full UL subframe and needs new design also due to Rx/Tx switching time and propagation time between eNB and RN.  
A solution to avoid nulling of UL subframes on the UE-RN access link would facilitate HARQ operations and fit better TDD configurations short in DL subframes.
2.2
Improved solution for TDD relay with MBSFN

To deal with the negative impacts discussed in section 2.1, one improved solution is presented here for discussion. The basic approach is to use different TDD configurations between backhaul link (eNB-RN) and RN access link (RN-UE link). In this relaying solution, only MBSFN subframes needs to be configured for RN access link when RN is communicating with its mother eNB (both eNB-RN and RN-eNB link), hence HARQ benefits can be maintained by not requiring nulling UL sub-frames on UE-RN access link. This solution avoids the problems highlighted in Section 2.1. 
Figure 2 shows a simple example: “U”,“D”,“M” and “S” have the same meaning as the ones in figure1; eNB is configured as TDD configuration 1. A pairing TDD configuration on RN side is TDD configuration 2, but it was modified and changed with some MBSFN sub-frames; [U D] and [D D] pairing is changed to [U M] and [D M] paring. [U M] is used to transmit data from RN to the mother eNB; and [D M] is used to transmit data from mother eNB to RN; at the same time, M frame can be used to transmit signaling and CRS to RN attached UE. In this example, the DL subframes #3 and #8 are “stolen” for the RN->eNB backhaul. Likewise, the DL subframes #4 and #9 are “stolen” for the eNB->RN backhaul. 
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Figure 2 Configuration pairing on TDD relay
In the proposed method, as CRS are transmitted in every DL subframe, the RN-attached UEs can perform channel estimation with CRS interpolation across subframes ensuring backward compatibility with R8 terminal implementation. As the downlink signaling (e.g. PHICH, PDCCH) is always transmitted in every DL subframe and MBSFN subframe, the HARQ operation for both UL and DL of the RN-attached UEs are not affected which is illustrated in more details in section 2.3. 
Regarding of the standardization impact, this proposed solution will require new design for both backhaul UL and DL similar as discussed in section 2.1 except that the new design for RN->eNB access link needs to be studied considering that first two symbols of MBSFN subframe are used for RN->UE transmission hence the actual RN->eNB transmission starts after that taking propagation time into account.   
2.3
HARQ consideration 

Figure 3 gives an example for the HARQ operation in relay access link: eNB is using TDD configuration 1 and relay is using TDD configuration 2. It is easy to get conclusion: 
· UL HARQ procedure is same as in R8.  

· DL HARQ delay retains the same timing relation between DL transmission and UL feedback as in R8. Dynamic packet scheduling is used to schedule HARQ retransmission to the following available DL sub-frame (DL HARQ is Asynchronous & adaptive).
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Figure3 Example of HARQ operation for relay access link

Figure 4 gives an example for the HARQ operation in backhaul link with the configuration pairing also. It clearly shows that the HARQ timing is nicely fitting to the existing HARQ timing defined in R8 specification. 
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Figure 4 example of HARQ operation for backhaul link
2.4
Backhaul link flexibility and capacity

By pairing different TDD configurations in mother eNB and Relay Node with appropriated MBSFN subframe configuration, it allows to adjust the number of DL subframes for the backhaul link of both eNB->RN and RN->eNB without an impact on UL transmission and only impact the traded DL subframe. Consider an example with eNB configuration #2 pairing with RN configuration #5, at maximum 4 DL subframes #3, #4, #8 and #9 can be configured as MBSFN subframe for backhauling link. The actual number of DL sub-frames configured for backhaul link is subject to the need of traffic volume, delay, backhaul link radio conditions etc. 
Conclusion

MBSFN subframe maintains backward compatibility with R8 UEs and nicely fits to the current HARQ timing of RN access link in TDD relay. The basic solution may suffer some impact, but MBSFN configuration for relay cell with UL/DL configurations pairing allows
(i) Maximized backward compatibility

(ii) No change of existing HARQ timing for both UL and DL

(iii) Better HARQ performance in both backhaul and relay access link without least impact on UL and DL HARQ operations.
(iv) Flexibility in allocation of DL subframes for the backhaul link, which increases backhaul capacity

(v) TDD configuration-5 and configuration-6 can work with UL/DL configurations pairing. 

What needs to be studied further includes:

(i) Control and data transmission in backhaul link from eNB to RN

(ii) Control and data transmission in backhaul link from RN to eNB

In conclusion, we propose to utilize MBSFN subframes together with UL/DL configuration pairing method as shown above to support relaying for TDD operations as well as for FDD to maximize backward compatibility, to minimize change of existing specifications but still not sacrificing the flexibility and/or performance of Relay and to maximize FDD/TDD commonality in relay deployment.
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