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1. Introduction
In RAN1 60bis, for the following was agreed on eNB/RN DL backhaul/access timing [1]:
· Cases 1 and 3 are supported (no change to definition of case 1 compared to previously agreed definition)
· The support of case 2 is still under consideration depending upon RAN4 inputs

· Case 4 is FFS
For eNB/RN UL backhaul/access timing, Case 2b was agreed for FDD, without any agreement for TDD. In this contribution, we discuss the remaining issues on eNB/RN DL/UL framing timing.
2. Discussion
It is desirable to support absolute synchronization between eNB and RN frame timing, at least for TDD, with the benefits discussed in [2]. While the detailed eNB/RN synchronization requirements are left for RAN4, in this section, we discuss the RAN1 specification impact due to the support of absolute eNB/RN synchronization 
2.1. DL backhaul/access timing
In case absolute synchronization between eNB and RN DL transmission timing is applied, RN cannot receive the last OFDM symbol in the DL backhaul subframe. It is noted that the currently defined Rel-10 DMRS in normal subframe, shown in Figure 1, occupies the last OFDM symbol of a subframe. Hence, if Rel-10 DM RS is configured for R-PDCCH/R-PDSCH demodulation [4], RN cannot directly reuse the current Rel-10 DM RS pattern, since it cannot receive the last OFDM symbol in the backhaul subframe. 
In order to support the usage of DM RS on DL backhaul subframe when eNB/RN transmission timing is synchronized, the following two approaches can be considered:

· Punctured DM RS for DL backhaul subframes, as shown in Figure 2-a;

· Shifted DM RS pattern for DL backhaul subframes, as shown in Figure 2-b.


[image: image1.emf]
Figure 1: Rel-10 DMRS pattern in normal subframe
It is noted that punctured vs. shifted DM RS patterns have been compared during the DM RS design in DwPTS. It was concluded that punctured DM RS pattern does not yield as good performance as shifted DM RS [8][9][10]. Hence, we have the following proposal:

Proposal 1: In case eNB/RN DL transmission timing is synchronized, the shifted DM RS pattern in Figure 2-b is supported on DL backhaul subframes.
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Figure 2: Modified DMRS pattern for DL backhaul subframe, punctured (2-a, left), shifted (2-b, right)
2.2. UL backhaul/access timing
For eNB/RN UL backhaul/access timing, Case 2b is agreed for FDD, while the decision for TDD is still open. The reply LS from RAN4 indicates that it is unlikely to support RN Tx/Rx switching time shorter than CP in Rel-10 time frame. Hence, it is recommended Case 2a shall only be considered in later releases. 

It is proposed in [5] to support Case 2a for TDD, although the meaning of Case 2a is modified. The proposal in [5] intends to use a shorter GP in relay cell combined with UL timing advance of the R-UEs, such that RN Tx/Rx switching time can be reserved. On the other hand, the method in [5] may not be applicable to some TDD DL/UL configurations and DL/UL backhaul subframe allocations. An example is shown in Figure 3, for TDD DL/UL configuration 3 (only the first half frame is shown) and subframe 3 is configured as UL backhaul subframe. Since Case 2b requires all 14 SC-FDMA symbols are usable for UL backhauling, the RN Tx/Rx switching time shall impact the next UL access subframe, i.e. subframe 4. In addition, the method in [5] does not allow absolute synchronization between eNB Rx and RN Rx timing.
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Figure 3: Example of RN UL backhaul/access timing using the method in [5]
In [3], it is proposed that a modified Case 4 is supported for TDD. Modified Case 4 is defined as following:

· RN should transmit SC-FDMA symbols m=0 until SC-FDMA symbol n=12 or 13

· RN switching time is considered by configuring the UE not to transmit the last SC-FDMA symbol of the Uu link

· eNB/RN UL Rx timing can be absolutely synchronized.
Modified Case 4 allows possible synchronization between eNB Rx and RN Rx timing. Modified Case 4 follows the same design principle as Case 2b, i.e. RN Tx/Rx switching time is accommodated by configuring R-UEs not to transmit the last SC-FDMA symbol in the subframe preceding an UL backhaul subframe. Hence, no new design on UL backhaul is required in Rel-10. Overall, eNB/RN UL timing shall be treated as an implementation issue for both FDD and TDD, i.e. no expected specification impact in Rel-10.
Proposal 2: Modified Case 4 as defined above is supported in Rel-10 for eNB/RN UL timing.
Proposal 3: eNB/RN UL timing shall be treated as implementation issue without specification impact in Rel-10.
3. Conclusions
In this contribution, we discuss the remaining issues on DL/UL backhaul/access timing between eNB and RN, with the following proposals:
Proposal 1: In case eNB/RN DL transmission timing is synchronized, the shifted DM RS pattern in Figure 2-b is supported on DL backhaul subframes.
Proposal 2: Modified Case 4 as defined above is supported in Rel-10 for eNB/RN UL timing.
Proposal 3: eNB/RN UL timing shall be treated as implementation issue without specification impact in Rel-10.
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