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1. Introduction & Background
In last RAN1 meeting, UL backhaul timing for TDD RN did not reach an agreement. Three cases, namely case 2a, case 2b and modified case 4, are the possible solutions. In the contribution, the three cases will be analyzed only for TDD RN.
2. Discussions
· Modified case 4
In order to avoid the impact on the PUCCH, the modified case 4 will use the last OFDM symbol in the UL access subframe preceding the UL backhaul subframe to compensate the RX-to-TX transition and propagation delay between RN and its donor eNB [1]. The solution will cause the following issues.
· The access coverage of PRACH will be decreased significantly. UL subframes in TDD are far few than those in FDD. For example, there are only 4 UL subframes for TDD config.1. If SF #3 and #8 are used as UL backhaul subframes, the last symbols in SF #2 and #7 will be punched. For PRACH format 0, the access coverage will decrease to only 3.9km.
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Fig.1: TDD config.1 with modified UL backhaul timing case 4.
· If the UL backhaul subframe is following the special subframe, the last symbol of UpPTS will be punched, which will destroy the short PRACH completely. For example, for TDD config.2, if SF #7 is the UL backhaul subframe, the UpPTS in SF #6 will be unavailable.
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Fig.2: TDD config.2 with modified UL backhaul timing case 4.
· Case 2b
In [2], the UL backhaul timing case 2a & 2b are defined as follows.
· RN should transmit SC-FDMA symbols m=0 until the end of the UL backhaul subframe (n=13 in case of normal CP).
· Case 2a: This corresponds to the case when the access link UL subframe boundary is aligned with the backhaul link UL subframe boundary and RN switching time is sufficiently shorter than the cyclic prefix.
· Case 2b: Alternatively, this corresponds to the case when the access link and backhaul link UL subframe boundary is staggered by a fixed gap and RN switching time is considered by configuring the UE not to transmit the last SC-FDMA symbol of the Uu link.
For case 2b, the last symbol of the UL access subframe preceding the UL backhaul subframe is also punched. Therefore, all issues for modified case 4 are also effective to case 2b. In addition, case 2b can not ensure the absolute synchronization, which is an important difference from the modified case 4. As shown in Fig.3, case 2b can not ensure the absolute synchronization between RN and eNB, which will cause the following issues.
· The UL and DL subframe boundary is staggered by a fixed gap which is related to the propagation delay between eNB and RN. For UE that has not attached to RN, the fixed gap is unknown, which will decrease the access coverage of PRACH channel. If the distance between eNB and RN is larger than 6km, the short PRACH at UpPTS will be unavailable for RN.
· As the above fixed gap at the UL and DL subframe boundary, the GP at the special subframe is reduced, which will increase the interference risk between RNs from Tx to Rx.
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Fig.3: Illustration of UL backhaul timing case 2b for TDD RN.
· Modified Case 2a
In [4], the UL backhaul timing case 2a was presented to TDD RN. However, in last RAN4 meeting, it was agreed that the transition time at RN can not be less than CP in rel.10 [3]. In order to provide the transition time for the TX/RX switch procedure at the UL backhaul subframe, RN can advance its UL timing. As shown in Fig.4, the additional timing advance at RN is equal to the sum of transition time and propagation delay. In fact, for most TDD subframe configurations, the UL backhaul subframe is followed by DL subframe. And therefore, only one TX/RX switch procedure is required.

As the modified case 4 and case 2b, the solution has no overhead on UL backhaul subframe. Furthermore, the solution has also no impact on the UL access subframe, and therefore the SRS at the UL access subframe can be transmitted, which is superior to the modified case 4 and case 2b. However, the additional timing advance at RN can also bring some issues.
· The UL access subframe synchronization between RN and eNB can not be available, which will degrade the UL ICIC performance.

· The GP at the special subframe at RN is reduced, which will increase the interference risk at the Tx to Rx transition between RNs.

· For UE that has not attached to RN, the additional timing advance is unknown, which will decrease the access coverage of PRACH channel. If the transition time is 20us, the access coverage of PRACH format 0 will decrease to 11.6km.
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Fig.4: UL timing adjustment with an additional timing advance at RN.
3. Conclusions
Case 2b combines the issues of the modified case 4 and case 2a. Therefore, it is not preferred. Comparing to the modifed case 2a, the modified case 4 is preferred because of its UL synchronization feature that is useful to UL ICIC. If the coverage of RN is larger than X and there is no complete PRACH to support the coverage, the modified case 2a can be used. For example, for TDD subframe configuration 1, if SF #3 and #8 are used as UL backhaul subframe, the maximum cell radius of PRACH format 0 is only 3.9km. If the cell radius of RN is required to reach 5km, the modified case 2a is useful.
Proposal 1: If the cell radius of RN is less than X, the modified case 4 is preferred. If the cell radius is larger than X, the UL timing scheme is FFS. X is related to the TX/RX switch time that is defined by RAN4.
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