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1 Introduction
The following was agreed in RAN1 #59bis meeting:

· The RN can receive Un DL transmissions starting with OFDM symbol numbered m and it can stop receiving with the OFDM symbol numbered n. 

· Here OFDM symbol numbering within the subframe starts at 0

· k is equal to the number of OFDM symbols used for the L1/L2 control region at the RN access

· The following cases are deemed for further consideration:

· Case 1: RN can receive the DL backhaul subframe starting from OFDM symbol m=k+1 until the end of the subframe (n=13 in case of normal CP)

· This corresponds to the case when RN switching time is longer (> cyclic prefix) and RN DL access transmit time is slightly offset with respect to DL backhaul reception time at the RN 

· Case 2: RN can receive the DL backhaul subframe starting from OFDM symbol m=k until the end of the subframe (n=13 in case of normal CP)

· This corresponds to the case when RN switching time is sufficiently shorter than the cyclic prefix and RN DL access transmit time is aligned to the DL backhaul reception time at the RN 

· Case 3: RN can receive the DL backhaul subframe starting from OFDM symbol m≥k until OFDM symbol n<13 (depending on the propagation delay and the switching time)

· This corresponds to the case when RN DL Uu transmissions is synchronized with the eNB DL transmissions

· Case 4: RN can receive the DL backhaul subframe starting from OFDM symbol 0 until OFDM symbol n=13-(k+1) 

· This corresponds to the case when RN can receive the normal PDCCH.

· Discuss until RAN1#60 if RAN4 input is available in time which cases are supported

· Send an LS to RAN4 on related issues, e.g. timing synchronization between eNB and RN, RN Tx/Rx switching  

In this contribution, we provide our views on the four cases listed in the RAN1#59bis chairman’s notes. 
2 Discussion on the four DL timing cases
Discussions on case 1

Case 1: RN can receive the DL backhaul subframe starting from OFDM symbol m=k+1 until the end of the subframe (n=13 in case of normal CP)

· This corresponds to the case when RN switching time is longer (> cyclic prefix) and RN DL access transmit time is slightly offset with respect to DL backhaul reception time at the RN 
The eNB/RN timing of case 1 is illustrated in Figure 1 below. In our view, this is a good design that allows robust and economic hardware implementation while allowing maximum use of the available PDSCH resources.  Only 1 OFDM symbol (the last symbol in the PDCCH region) is potentially punctured from available PDSCH resource in this design, as shown in the figure 1. This is a reasonable overhead since:
· As the number of PDCCH and PHICH symbols can be up to three in normal Un subframes, the 3rd symbol in Un subframe cannot be used even with the total RF switching time accommodated by the cyclic prefix duration;
· As long as the sum of Tx/Rx switch,  Rx/Tx switch  and channel delay spread is greater than the cyclic prefix, a minimum of one OFDM symbol is anyway needed for RF switch provisioning;
· Even if we can accommodate the two RF switching time in the cyclic prefix region (e.g. with faster and more expensive hardware), doing so will reduce the supportable channel delay spreads and thus limit the applicability of relay to low delay spread scenarios only. 
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Figure 1: DL Timing of eNB backhaul and RN access link: Case 1.
Discussions on Case 2 and 3

Case 2: RN can receive the DL backhaul subframe starting from OFDM symbol m=k until the end of the subframe (n=13 in case of normal CP)

· This corresponds to the case when RN switching time is sufficiently shorter than the cyclic prefix and RN DL access transmit time is aligned to the DL backhaul reception time at the RN 

Case 3: RN can receive the DL backhaul subframe starting from OFDM symbol m≥k until OFDM symbol n<13 (depending on the propagation delay and the switching time)

· This corresponds to the case when RN DL Uu transmissions is synchronized with the eNB DL transmissions

We see case 2 and case 3 are two similar cases, and in both cases the subframe boundaries of eNB and RN are aligned. Therefore, we only illustrate case 3 in Figure 2 below. Here it is shown that in general 2 OFDM symbols are potentially punctured from the PDSCH region, meaning the overhead of case 3 is always higher than case 1. As we discussed above in case 1, since the RN lacks knowledge of the eNB control region size, it may be hard for the RN to avoid puncturing of the last OFDM symbol in the eNB control region. Therefore, with the alignment of eNB and RN subframe boundaries,  there will be either one OFDM symbol overhead in case 2 assuming the last control symbol is punctured anyway,  or two OFDM symbols overhead in case 3. If this is the case, then from the overhead viewpoint there is no obvious benefit of cases 2/3 over case 1. 
In the offline and email discussions, several companies mentioned that in TDD networks, the network-wise alignment of subframe boundaries of all eNBs and RNs may be necessary for proper TDD operation. This issue is currently under investigation and we think it is better to keep it FFS at this time. 
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Figure 2: DL Timing of eNB backhaul and RN access link: Case 3.
Discussions on Case 4
Case 4: RN can receive the DL backhaul subframe starting from OFDM symbol 0 until OFDM symbol n=13-(k+1) 

· This corresponds to the case when RN can receive the normal PDCCH.
This design appears worth further consideration since it allows the full re-sue of the existing PDCCH control designs in Rel-8, with the possible issue in ICIC support due to the overlap of the eNB and RN’s PDSCH regions.   We are open to further discussion of this approach in order to fully understand its pros and cons. 
3 Conclusion

In this contribution, we consider the four cases of eNB and RN DL timing agreed in RAN1#59bis meeting. From the analysis and observations of this contribution, we propose that

· Case 1 is supported at least for FDD networks;

· FFS if Case 2/3 is also supported in order to support synchronized TDD network operation;
· Additional discussion is needed for Case 4.  
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