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1
Introduction
RN backhaul/access DL/UL timing was discussed in RAN1-59bis and several possible cases were agreed for down-selection [1][2]. In addition, an LS [3] was sent to RAN4 on possible synchronization requirements between eNB and RN including following two questions:
Question 1: What is the expected frame timing synchronization requirement between eNB(s) and relay(s)? Are there specific synchronization requirements in case of TDD, MBSFN, or ICIC?
Question 2: What are the expected Tx/Rx and Rx/Tx switching periods of a relay node? Would it be possible in the Rel-10 timeframe to have Tx/Rx and Rx/Tx switching periods shorter than the normal cyclic prefix?
In this contribution, we mainly discuss the synchronization requirements between eNB and RN for TDD operations.
2 Current RN-eNB frame timing alternatives
2.1 Possible RN DL frame timing alternatives

Assume RN can receive DL backhaul transmission starting and stopping with OFDM symbols m and n respectively, where the OFDM symbols in a subframe are numbered from 0 and the number of RN PDCCH symbols is equal to k.
· 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 [4].
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Figure 1: RN DL timing with fixed delay
· 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. As such case requires much shorter TX-RX switching time compared to UTRA/EUTRA TDD, RAN4 shall discuss whether it is reasonable.
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Figure 2: RN DL timing with switching time shorter than cyclic prefix
· 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 are synchronized with the eNB DL transmissions. It is noted that the set of available OFDM symbols for DL backhaul transmission reduces with the increase of propagation delay between eNB and RN [5]. Therefore, Case 3 is not preferable in large propagation delay scenarios.
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Figure 3: RN DL timing with synchronization between eNB and RN
· 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 that RN can receive the normal eNB PDCCH [7].
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Figure 4: RN DL timing with timing offset
While Case 4 allows reusing Rel-8 PDCCH as R-PDCCH on the backhaul, it also has several constraints [8]. Therefore Case 4 is not recommended.
Among the four alternatives, Case 1/2/4 can be considered as air-interface based RN-eNB synchronization schemes while Case 3 is an absolute RN-eNB synchronization scheme.
2.2 Possible RN UL frame timing alternatives
In this section, we discuss the RN backhaul/access UL timing. It is assumed that RN shall start its Un UL transmission with the SC-FDMA symbol numbered m and stop with the SC-FDMA symbol numbered n. Note that the SC-FDMA symbols in a subframe are numbered from 0.
· Case 1: RN should transmit SC-FDMA symbols m=1 until the end of the UL backhaul subframe (n=13 in case of normal CP). This corresponds to the case when the access and backhaul UL subframe boundary is staggered by a fixed gap [3].

[image: image5.emf]0 1 2 3 4 5 6 7 8 9

1 3 4 5 6 7 8 9

10 11 12 13

10 11 12

G

P

eNB UL timing

RN UL timing

Propagation delay

UL backhaul subframe

G

P

2 13

Fixed offset


Figure 5: RN UL timing with fixed delay
· Case 2: RN should transmit SC-FDMA symbols m=0 until the end of the UL backhaul subframe (n=13 in case of normal CP). This case corresponds to two options. One option is that the switching time is shorter than cyclic prefix. The other option is to limit the impact of RN switching time on the access link [8]. While Case 2 maximizes the number of SC-FDMA symbols for UL backhaul usage, it may require much tighter period for TX-RX switching compared to UTRA/EUTRA TDD. RAN4 shall discuss whether it is reasonable.
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Figure 6: RN UL timing with all symbols available in UL backhaul subframe
· Case 3: RN should transmit SC-FDMA symbols m=0 until SC-FDMA symbol n=12 (case of normal CP). This corresponds to the case when the access and backhaul UL subframe boundary is staggered by a fixed gap [3].
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Figure 7: RN UL timing with fixed advance
· Case 4: RN should transmit SC-FDMA symbols m≽1 until SC-FDMA symbol n≼13 (depending on at least the propagation delay between eNB and RN and the switching time). This corresponds to the case where the eNB/RN UL Rx timing is aligned. The number of available SC-FDMA symbols for UL backhaul transmission reduces with the increase of propagation delay [5]. Therefore, Case 4 is not preferable in large propagation delay scenarios.
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Figure 8: RN UL timing with synchronization between eNB and RN
Similarly to RN backhaul/access DL timing, among the four alternatives, Case 1/2/3 can be considered as air-interface based RN-eNB synchronization schemes while Case 4 is an absolute RN-eNB synchronization scheme.
3 Considerations on eNB-RN synchronization in TDD operation
For FDD operation, air-interface based RN-eNB synchronization is needed to facilitate backhaul transmission and receptions, while absolute synchronization is not mandatory.
For TDD operation, absolute inter-site synchronization is required to mitigate inter-site Tx-Rx interference as well as UE-to-UE interference, which has already been extensively studied and specified in Rel-8 macro eNB [9] or Rel-9 TDD HeNB deployments [10][11]. Since a type 1 relay node functions as a regular eNB, similar synchronization requirements shall be defined between eNBs and RNs.
In addition, absolute RN-eNB synchronization is also beneficial to simplify TDD network deployment, especially in terms of guard period planning for both eNBs and RNs. Figure 9 shows an example of TDD eNB and RN frame timing with air-interface based synchronization scheme, where the guard period duration shall be configured larger than the sum of RTT1+S1+RTT2 to avoid Tx-Rx overlapping at R-UE, Note RTT1 represents eNB-RN round trip delay; S1 represents eNB Tx-Rx switching timing (624Ts); and RTT2 represents maximum round trip delay in the RN cell. The consequence is that introducing RNs in an already deployed Rel-8/9 LTE TDD network requires re-configuration of the special subframe pattern at the donor eNBs by considering the backhaul link RTT and maximum relay cell RTT. Further, from inter-site interference mitigation perspective, special subframe patterns at all eNBs in the network may have to be re-configured, which results in large amount of network planning efforts and thus unacceptable. When absolute RN-eNB synchronization shown in Figure 10 is applied, introduction of RNs is very flexible and has little impact on the already deployed networks.
Based on the above analysis, absolute RN-eNB synchronization shall be applied in typical relay deployment scenarios. As analysed in section 2, such scheme leads to reduced backhaul resources with the increase of RN-eNB distance, which impacts RAN1 design of relay backhaul link. Thus, in case RN is deployed at a large distance from donor eNB, air-interface base synchronization schemes are allowed. 
It is proposed that for TDD, absolute RN-eNB synchronization is mandatory if the distance between eNB and RN is within a threshold; otherwise, air-interface base synchronization schemes are allowed for synchronization between eNB and RN. It is further proposed that RAN4 shall decide on the corresponding details of synchronization requirements. Rel-8 TDD Macro eNB synchronization requirements [9] as well as Rel-9 TDD HeNB synchronization requirements [10][11] can be considered with high priority to reduce the workloads. 
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Figure 9: eNB-RN frame timing with air-interface based synchronization schemes
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Figure 10: eNB-RN frame timing with absolute synchronization 
4 Conclusions
In this contribution we analyse different RN-eNB frame timing alternatives and discuss RN-eNB synchronization requirements for TDD operations. We have following proposals for RAN4 consideration:
1. Absolute RN-eNB shall be mandatory for TDD if the distance between eNB and RN is within a threshold.
2. In case RN is deployed at a large distance from donor eNB, air-interface base synchronization schemes are allowed for TDD.
3. Current Rel-8 TDD Macro eNB synchronization requirements [9] as well as Rel-9 TDD HeNB synchronization requirements [10][11] shall be considered with high priority when specifying TDD RN-eNB synchronization requirements.
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