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1. Introduction 
Type 1 relay backhauling issues have been discussed intensely in RAN1-58bis.   The discussions of Type 1 relay backhauling focus on the control signaling and the timing of the relay node transmission.  The transmission time at the relay node is assumed either synchronized with the donor eNodeB [1], [2], [3], [4], [5] or time shifted based on propagation delay [6] [7].    It is possible to control Type 1 relay transmission time if the relay is fixed and controllable by the eNB.   The transmission time of type 1 relay node could be varied in time in certain scenarios, such as indoor relay [8] or mobile relay [9].  The relay backhauling design would depend on whether the RN Tx time is fixed or varying in time.   This paper discusses the impact of the relay node timing in Tx and Rx to the type 1 relay backhauling design.   
2. Relay Transmission Time and Synchronization with eNB
The timing relationship between the eNB and the RN is critical in the design of the type 1 relay backhauling. Type 1 relay node is characterized by having it own cell ID and has inband backhauling with its donor eNB.  The UL Tx time from the type 1 relay node to the donor eNB will be constrained by the TA commands to ensure orthogonal reception at the donor eNB.  Type 1 relay is designed to have TDM in Tx and Rx to avoid self interference from its own Tx power or expensive antenna isolation solutions.  Moreover, MBSFN subframes are configured as the subframes in the RN-UE link when the relay node is receiving the data from the donor eNB. With the MBSFN subframe configuration, the RN would not be able to receive any information from the donor eNB when the RN transmitted the DL control channel at the first 3 symbols of the subframes.     Thus, the relay node Tx and Rx timing is critical in the design of control channel and data transport of relay backhauling.  
2.1. Type 1 Relay Node Tx and Rx Timing 
The Tx and Rx timing relationships between the eNB, type 1 relay node, and the UE are shown in Figure 1. In Figure 1, the eNB and the RN are fully synchronized with subframe fully aligned in the beginning of the relay node setup.   The DL (eNB->RN) and UL (RN->eNB) backhauling links are shown in green and yellow respectively in Figure 1.  The DL (RN->UE) and UL (UE->RN) relay links are shown in purple and blue respectively in Figure 1.   The UL Tx time from the RN to the donor eNB is constrained by the eNB timing advance (TA) command to ensure the received signals at the eNB align with other UEs served by the donor eNB.  Similarly, the UL Tx time from the UE to the relay node needs to follow the TA commands from the RN.  
If the relay node and the donor eNB are fully synchronized, the relay node reception of the DL backhauling would be slightly after RN-UE DL Tx time due to the propagation delay as shown in Figure 1. The MBSFN subframe is configured at the RN-UE link when the relay node is receiving the data from the eNB.  The MBSFN subframe transmits the first 2 symbols of control channels as shown in purple part of subframe 0 in Figure 1.  The relay node would not receive the backhauling information from the donor eNB at the first 2 symbols of subframe 0 due to self interference from its own transmission.  For the same reason, the relay node could not receive in the beginning of subframe 1, which is the PDCCH region regardless of normal subframe or MBSFN subframe configuration, as shown by the red dashed line in Figure 1.  Thus, the available symbols for backhauling data and control (R-DPCCH, R-PCFICH, R-PHICH) are limited to the light green area of subframes  0 and 4 in Figure 1.   The available symbols for backhauling strongly depend on the propagation delay in the eNB-RN link if the donor eNB and the relay node are fully synchronized.  
Due to the TA commands from the donor eNB, the UL transmission time is advanced and would need one guard subframe in the UE-RN link as shown in subframe 3 in Figure 1.  
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Figure 1: Tx timing relationship between the donor eNB, the RN, and the UE when the eNB and the RN are fully synchronized in Tx at the beginning of subframe and radio frame
2.1.1 Relay Node aligned the RN-UE Tx time with eNB-RN backhauling Rx Time
The transmission time of the RN-UE link could be adjusted to match the backhauling reception time as in [6] to minimize the region of self-interference as shown in Figure 2. In this case, only the first 2 symbols of the control channel region would be interfered and the remaining symbols could be used for backhauling.  Moreover, no guard period is required to absorb the propagation delay.  
The additional guard subframe is still required in the UE-RN link when the RN transmits to the donor eNB as shown in Figure 2, even if the DL RN-UE transmission time is aligned with the reception time of the eNB-RN backhauling.  
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Figure 2: The RN-UE Tx time at the Relay Node shifts to align with the Rx time of eNB-RN link

2.2.  Uncertainty in Transmission Time at the Relay Node
The eNB and the RN are initially synchronized with full subframe alignment as in Figure 1 or alignment of DL RN-UE Tx time and eNB-RN Rx time as in Figure 2 at the beginning of relay node setup.   The DL transmission time of RN-UE link could not be changed on the fly since the UE clock locks to the DL timing.   The DL transmission time of the RN-UE link is based on the pulse generated by the local oscillator at the relay node.  The free running oscillator at the relay node will drift in time due to the permitted tolerance.   The local clock at the relay node would drift away from the eNB clock.  The frame alignment between the eNB and the RN or alignment of eNB-RN Rx time and RN-UE Tx time at the relay node will break away as shown in Figure 3.  
The clock drifting will make the design of type 1 relay backhauling difficult since the drift accumulates slowly over a long period of time.  An additional guard period after the first symbols could help to remove the self interference when the clock drifting is not excessive as shown in Figure 3.  If the clock drifting exceeds the guard period, the relay node needs to reset the transmission time of RN-UE link at the relay node.  This will cause short period of outage but will prevent a catastrophic of backhaul breakdown.  

The other alternative to resolve the clock drifting is to have a common reference clock to slave drive the local oscillators at the eNB and the relay node.  The common reference clock will correct the drifting of the local oscillator periodically.  Examples of common reference clocks are GPS clock or network clock.  Since type 1 relay node does not have a wired link, the network clock could not be used at the relay node.  A possible solution is to synchronize the relay node and eNB through GPS or GANSS synchronization.  
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Figure 3: Relay Node clock drifting after initial synchronization with the donor eNB.
2.3. Indoor and Mobile Type 1 Relay 
The relay node self interference could be controlled when the eNB-RN Rx time and the RN-UE Tx time at the UE are controlled within the desired range.  The dynamic allocation of the relay node would add one more dimension of difficulty to control the self interference.  The mobile relay node and the wireless home eNB type of indoor relay are characterized by the dynamic allocation of the relay nodes.  The relationship of eNB-RN Rx time and the RN-UE Tx time would vary in time due to the dynamic relay node allocation as shown in Figure 4.  Figure 4 shows an example of the change of timing association between the eNB, RN, and UE and the subframe offset when the RN location varies in time.   In particular for a mobile relay node, the timing association changes when the relay node hands over from one donor eNB to the other donor eNB.  

We can see from Figure 4 that the best possible way to receive backhauling data correctly is to configure 2 consecutive MBSFN subframes at the relay node to minimize the self interference.  However, the first 2 symbols of control channel region in the 2nd MBSFN subframe still create the self-interference to the reception of relay backhauling data from the donor eNB.  One possible solution is to minimize the power of the control channel region in the 2nd MBSFN subframe although this will degrade the service from the RN to the UE.  
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Figure 4: Timing relationship between eNB, RN, and the UE when the RN allocation might vary in time
3. Conclusions
The paper analyzes the type 1 relay timing relationships between the donor eNB, the RN, and the UE.  The timing is critical to the type 1 relay backhauling design because of the self-interference issues when the RN transmits and receives at the same time.  The detailed analysis shows that the TDM Tx/Rx for type 1 relay backhauling requires additional requirements in order to work properly.   Our proposals of additional requirements for type 1 relay backhauling are as follows,
1. The transmission time of RN-UE link should align with the reception time of the eNB-RN link in the initial configuration of the RN system setup procedure.

2. This relay backhauling design should consider the impact of free running clock drift to the misalignment of RN-UE Tx time and eNB-RN Rx time.  

3.  In order to support dynamic allocation of relay node, two consecutive MBSFN subframes should be configured at the relay node, together with power reduction of the first 2 symbols of the 2nd MBSFN subframes.  This will control the self-interference when the timing relation between RN-UE Tx time and eNB-RN Rx time varies in time.  
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