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1. Introduction & Background
For type I relay, the wireless backhaul and access links are divided by subframes, which results in at least 2 OFDM symbols overhead on backhaul for TX/RX transition time. However, the backhaul capacity is a significant bottleneck for relay [1]. In order to reduce the TX/RX transition overhead, [2]-[6] proposed the timing offset schemes in backhaul subframes. In the contribution, some analyses for the timing offset scheme and another uplink timing scheme only for TDD relay are proposed.
2. Discussion on backhaul timing offset for FDD relay
Figure 1 shows the timing offset scheme in a DL backhaul subframe [2]-[5]. A fixed delay at RN is required to reduce the TX/RX transition overhead from 2 OFDM symbols to only one OFDM symbol. In order to provide a large enough GP at the end of the DL backhaul subframe, the fixed delay at RN must be larger than the RX-to-TX transition time. Note that the RX-to-TX transition time is about 15~20us which is far larger than the propagation delay between RN and its donor eNB in most deployment scenarios.
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Fig.1: DL backhaul subframe timing with a fixed delay.
Figure 2 shows the timing offset scheme in a UL backhaul subframe. In order to ensure the OFDM symbol synchronization at eNB, the timing advance is required for the UL backhaul subframe at RN. Similar to the DL backhaul timing offset, a fixed delay is also required to reduce the uplink backhaul overhead from 2 OFDM symbols to only one OFDM symbol. As the propagation delay between RN and its donor eNB is far smaller than the TX-to-RX transition time in most scenarios, the UL subframe at RN is behind the UL subframe at eNB, which is different with [3].
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Fig.2: UL backhaul subframe timing with a fixed delay.
The timing offset scheme is effective to reduce the backhaul overhead for both DL and UL. However, the scheme results in the timing misalignment between RN and its donor eNB at the access subframes.  Although the synchronization is not required for FDD relay, the system can get performance improvement by synchronization. In [7], some benefits for both FDD and TDD by synchronization have been listed. Note that most of interference mitigation schemes, such as ICIC and CoMP, are based on synchronization. For relay, the interference will be more complex especially in the capacity improvement scenarios. Therefore, the impact on other relative technologies by the timing offset should be carefully studied in RAN1.
3. Discussion on backhaul timing offset for TDD relay
For TDD relay, the timing offset will not only degrade the interference mitigation for access links as the above analysis but also result in the interference at the uplink-to-downlink switch point. Figure 3 shows the interference by the timing offset scheme for TDD relay. In the example, the TDD config.1 is adopted. The subframes 4 & 9 are used to DL backhaul transmission. As shown in Figure 1, the DL backhual subframes at RN is behind the backhaul subframes at eNB by the propagation delay plus fixed delay. The subframe 3 & 8 are used to UL backhaul transmission. As the TX/RX transition time is far larger than the propagation delay between RN and its donor eNB in most scenarios, the UL backhaul subframes at RN are also behind the backhaul subframes by the fixed delay minus propagation delay. Note that there will be a gap between subframe 3 & 4 or 8 & 9, which is equal to the twice of propagation delay between RN and its donor eNB.
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Fig.3: Interference caused by timing offset for TDD relay.
As the subframes 3 & 8 are delayed, subframes 3 & 4 or 8 & 9 are misaligned, which will introduce the interference. For example, the PDCCH reception of the DL subframe 4 at macro UEs will be disturbed by the UL backhaul transmission of the subframe 3 from RN. Although the transmission power of RN is lower than that of eNB, the TX-RX interference between RN and macro UEs should also pay more attention.
Proposal 1: In order to ensure the 3us TDD synchronization requirement, the absolute synchronization between eNB and RN is preferred.
Proposal 2:  The backhaul subframe timing that ensures the access subframe alignment between RN and its donor eNB is preferred.
4. Backhaul Timing Adjustment for TDD Relay
For TDD relay, if a DL subframe regardless for backhual or access follows to a UL backhaul subframe, only one GP is required for the UL backhaul subframe because of the additional 20us timing advance (TAoffset) used to the transition time at the UL-to-DL switch point. In the section, another uplink timing adjustment scheme for TDD relay is proposed to avoid any GPs overhead in UL backhaul subframe.
As shown in Fig.4, RN is absolutely synchronized to eNB in order to reach the 3us TDD synchronization requirement. Except for the timing advance TAoffset, RN advances additional uplink subframe timing TAgp to get the enough time resource to use to GPs overhead. Note that the GP should include both transition time and propagation delay between RN and its donor eNB in order to ensure the UL synchronization at eNB. At the uplink backhaul subframe, the transmission at RN must be advanced by the propagation delay between the RN and its donor eNB, which will occupy part time resource of the GP before the UL backhaul subframe.

[image: image4.emf]     DL Backhaul

SF0 SF2 SF3 SF4 eNB

SF0 SF2     UL Backhaul RN

DwPTS

UpPTS

DwPTS

TA

offset

SF2 SF3  eNB UL timing adjustment

TA

gp

SF2 SF3 RN UL timing adjustment

UL backhual timing advance

GP


Fig.4: Uplink timing adjust for TDD relay to improve backhaul capacity 
In order to ensure the UL access subframes alignment between eNB and RN, the uplink timing of eNB should also be advanced by TAgp. Otherwise, the enhancement technologies at the UL access subframes may be degraded just as the above analyses. For both macro UE and relay UE, their uplink timing advances will include three parts, the uplink propagation delay, TAoffset and TAgp.
5. Conclusion
The contribution analyzes the impact on system by the timing offset scheme. In order to provide a large enough GP to protect the TX/RX transition, the fixed delay at RN is about 15~20us which should be confirmed by RAN4. For FDD, the large fixed delay results in the misaligned access subframes, which may degrade the performance of other enhancement technologies for access links, for example ICIC. For TDD, the fixed delay is far larger than the synchronization requirement 3us [8], which not only degrades the performance of other enhancement technologies but also may result in the interference at the UL-to-DL switch point. According to the above analyses, we propose:
Proposal 1: In order to ensure the 3us TDD synchronization requirement, the absolute synchronization between eNB and RN is preferred.

Proposal 2:  The backhaul subframe timing scheme need to ensure the access subframe alignment between RN and its donor eNB.
References
[1]. R1-094041, “Relay System level simulation”, CMCC, #58bis

[2]. R1-093924, “Timing alignment of DL backhaul”, NSN & Nokia, #58bis
[3]. R1-094563, “Design of Relay Frame Timing in LTE-A”, CATT, #59
[4]. R1-094744, “Timing alignment of access and backhaul link”, ZTE, #59
[5]. R1-094489, “UL/DL timing and guard periods in backhaul subframes”, ETRI, #59
[6]. R1-094770, “Timing Relationships in Type I Backhaul Subframe Structure”, TI, #59
[7]. R1-091471, “Time synchronization requirements for different LTE-A techniques”, Qualcomm, #56bis
[8]. 3GPP TS 36.104: Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception.[image: image5.png]


[image: image6.jpg]









































































































3/3

_1318335744.vsd
SF2


     DL Backhaul


SF0


SF2


SF3


SF4


eNB


SF0


SF2


    UL Backhaul


RN


DwPTS


UpPTS


DwPTS


TAoffset


SF2


SF3


 eNB UL timing adjustment


TAgp


SF3


RN UL timing adjustment


UL backhual timing advance


GP



