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1. Background
The timing relationship among eNB, RN, and UE should be considered carefully because the propagation delay exists in real deployment scenarios, and in addition, this timing relationship can affect designs of DL/UL control and data channels. Since an RN is located between an eNB and relay UEs, the timing advance for relay access links can be affected from the distance between eNB and RN. In this contribution, the issues due to the propagation delay between eNB and RN are introduced in terms of round trip delay correction and limitation on relay deployment and UE initial access. 
2. Round Trip Delay (RTD) between eNB and RN
The PRACH preamble and timing advance (TA) commands realize that all uplink subframe boundaries from Macro UEs are aligned at an eNB. If uplink subframes have different arrival timings at an eNB, all control channels and reference signals which are designed based on the perfect alignment are suffered from serious interference problem. 
Even in case of the uplink relay backhaul, different subframe boundaries require additional corrections and flexibility in the UL backhaul designs. Thus, the UL backhaul subframe boundary is necessary to be aligned with the Macro UE’s subframe boundary. The same PRACH preamble and TA commands as Rel-8 can be reused for a relay UL timing alignment at the initial RN setup time. Moreover, in order to fully utilize backhaul and access resources, an UL access RX subframe timing should be also aligned to a UL backhaul TX subframe timing at an RN.
Figure 1 shows a TX/RX subframe timing diagram considering propagation delays where a UL backhaul RX timing is aligned with UL Macro RX timing at the eNB and a UL access RX timing is aligned to a UL backhaul TX timing at the RN. In order to achieve these alignments, it’s inevitable that a UL backhaul TX subframe timing is advanced by a round trip time, RTDeNB-RN at the RN. It can be realized by UL timing adjustment commands (TA command) with the related procedure like Rel-8 LTE system. In the relay access link, Rel-8 UEs can adjust their UL timing with the same RACH procedures.
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Figure 1. TX/RX subframe timing diagram in eNB, RN, and UE 
3. Available Deployment Region Considering RTDeNB-RN
Due to the timing advance procedure between eNB and RN, the DL and UL subframe timings are not aligned at the RN as shown in Figure 1. Therefore, this timing gap affects controlling a timing adjustment between access DL and UL subframe at the relay cell. As a result, the total timing advance needed at the relay UE is (RTDeNB-RN + RTDRN-UE) which is larger than RTDRN-UE.
An Rel-8 LTE UE, which attempts an initial access to a RN, sends a PRACH preamble aligned with a subframe timing of DL RX at the UE since NTA offset = 0 for frame structure type-1 [1]. Then, the relay cell takes 64 cross-correlations with the received PRACH preamble at the UL access RX timing which is advanced by RTDeNB-RN to DL access TX timing. Therefore, a PRACH preamble format configured at the RN should be able to overcome a delay or advance relevant to the effective cell size, which can be defined as a virtual cell size required for the maximum timing advance.
Table 1 shows random access preamble formats in Rel-8 LTE. For a given preamble format, the required number of subframes and the supported cell coverage can be calculated. If three consecutive uplink subframes are allocated to the initial PRACH transmission, the Rel-8 LTE preamble can maximally support the cell coverage up to 100 km.

Table 1. Random access preamble parameters for frame structure type-1
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Moreover, during the initial RACH process, the random access response MAC message only has a field of 11 bits of initial timing advance value TA, where one TA is equal to 16·Ts. Therefore, the maximum cell coverage which can be supported at the initial RACH process is limited to approximately 100 km.

Figure 2 shows a classification of relay deployment regions. Due to the limitations described above, there can exist some impacts on the Rel-8 RACH process if the total sum of a distance between eNB and RN and relay cell size is larger than 100 km.
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Figure 2. Classification of deployment regions considering the relay cell size and the distance between eNb and RN
4. Conclusion

The distance between a donor eNB and a RN affects a DL/UL timing relationship in the relay access link. One way to take care of this issue is to align the subframe boundary of the backhaul link with that of the access link in consideration of the round trip delay of the backhaul link. This operation is needed to allow maximizing backhaul resources irrespective of the backhaul link round trip delay. One issue on this implementation is that the PRACH preamble for relay UEs is required to support larger cell coverage than the actual relay cell size, so this impact needs to be considered further in designing details of LTE-A relaying systems. 
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