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1 Introduction
In LTE-Advanced system, eNB can use MBSFN subframe for backhaul transmission.  When eNB sends backhaul data to Relay Node (RN) at MBSFN subframe, RN will not transmit any data to UE. [1] However, RN still needs to transmit control information to UE.  This control information will occupy one to two symbols in access network.  After RN sent out the control information, RN will switch from transmit mode to receive mode and receive control and data from eNB in MBSFN subframe.  
It was agreed that the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching.  In this contribution, we will talk about some subframe alignment issues and have some discussions on relay backhaul design.   A new physical control channel, R-PDCCH,  is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (R-PDSCH” physical channel). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes. In this contribution, we will talk about some subframe alignment issues and have some discussions on relay backhaul design.
2 Discussion

Some downlink backhaul design considerations are discussed in this section.
2.1 Further Considerations for Subframe Alignment
In the real system, RN cannot switch from transmit mode to receive mode or from receive mode to transmit mode immediately.  There are transition periods from transmit (Tx) to receive (Rx) or from Rx to Tx.  It is assumed that half symbol will be used for the transition period.  When the backhaul control channel is designed, this transition period should be considered. 
In LTE downlink, UE knows how many symbols will be used for PDCCH channel by reading PCFICH channel from eNB.  PCFICH channel normally is mapped to the first symbol of the subframe.  However, for downlink backhaul subframe in structure 1, the RN may not be able to read eNB's PCFICH channel due to simultaneously transmission between eNB to RN and RN to UEs.  Some designs are required to address this issue.

Three solutions are discussed here by also taking into account the transition period.  
2.1.1 Relay Node assume Rel-8 spec-defined maximum number of eNB PDCCH symbols
In LTE system, number of OFDM symbols for PDCCH channel can be 1, 2 and 3 if the bandwidth is greater than 10RBs.  The number of OFDM symbols will be 2, 3 and 4 if the bandwidth equals to or is less than 10RBs.  We will use the bandwidth greater than 10RBs as an example.  For this case, the maximum number of OFDM symbols allowed for eNB PDCCH channel is 3.  

RN assumes eNB always use 3 OFDM symbols for its PDCCH transmission no matter how many OFDM symbols are actually used by eNB for its PDCCH channel transmission.  The examples showed in Figure 1 assume eNB uses 2 OFDM symbols for its PDCCH channel transmission and the eNB->RN subframe and the RN->UE subframe are aligned.
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Figure 1: eNB->RN subframe boundary is aligned to RN->UE subframe boundary
Because of maximum PDCCH size assumption and RN RX to TX transition, only the green area can be used for eNB to transmit control and data to relay node.  In Figure 1, RN is transmitting control information to relay UE in the first two symbols.  It will change to receive mode and start to receive data from eNB from the 3rd symbol (counted from symbol 0).   It will switch to transmit mode again in symbol 13.  Two eNB PDSCH resources are wasted (no transmission).  The left “no transmission” is due to the maximum eNB PDCCH assumption; the right “no transmission” is caused by the RN transition from receive mode to transmit mode.
2.1.2 Relay Node gets the maximum PDCCH region size from eNB semi-static signalling

eNB will send signalling to RN and maximum PDCCH size used by eNB PDCCH is included in the signalling.  It is semi-static signalling, i.e., eNB will tell RN the maximum numbers of symbols are used for eNB PDCCH in a certain period of time.  In Figure 2, it is also assumed that eNB uses two OFDM symbols for PDCCH transmission.   RN knows maximum two OFDM symbols are used for PDCCH region through signalling.
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Figure 2: RN gets the maximum PDCCH Region Size through Signalling
There are also two resource wasted (no transmission in eNB PDSCH channel), however, both of them are caused by the Tx/Rx and Rx/Tx transition.  The left “no transmission” is the transition from transmit mode to receive mode and the left “no transmission” is from the receive mode to transmit mode.

2.1.3 Relay Node reads eNB PCFICH channel to figure out the PDCCH region
In this solution, RN->UE subframe boundary has one OFDM symbol shift to the right.  Since eNB PDCCH size is indicated in PCFICH and PCFICH is mapped to the first OFDM symbol of eNB’s control region, RN can read eNB’s PCFICH to figure out the eNB’s PDCCH size.  Examples with PDCCH size of two symbols is shown in Figure 3.
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Figure 3: RN->UE subframe boundary has one OFDM symbol shift to the right
It only has one “no transmission” region but it occupies two symbols.  The “no transmission” is caused by RN transition from transmit mode to receive mode.
It can be seen that some resources are wasted because the relay may not be able to read eNB’s PCFICH to know eNB’s control region size.  If the Tx/Rx and Rx/Tx transition periods are considered, more resources are wasted.
3 Conclusion

This contribution discussed Downlink Subframe Alignment in Type I Relay.   In type I relay, RN may not be able to read eNB's PCFICH channel due to simultaneously transmission between eNB to RN and RN to UEs.  Three solutions are discussed to address this issue.  It can be seen that some eNB PDSCH resources cannot be used for transmission because of this issue.  Furthermore, if the Tx/Rx and Rx/Tx transition periods are considered, more eNB PDSCH resources will be wasted.  
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