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1. Introduction

There was an agreement on the resource assignment mainly in downlink backhaul case, but detailed description on the guard (switching) time between backhaul and access link at half-duplex Relay Node (RN) has not given yet [1]. It seems to be very important issue because it impacts on backhaul subframe design and its timing relationship arrangement between eNB and RN. In Section 2, assuming there is no propagation delay, we discuss about the guard time within a DL/UL subframe and possible DL/UL fixed timing shift. Then, if the round trip delay between eNB and RN becomes significant, some considerations on the RN DL/UL subframe timing are presented in Section 3.
2. Guard time handling and backhaul subframe structure based on different scenarios
· Guard time in backhaul subframe

It seems to be understood commonly that the guard time is required for switching between DL TX and DL RX operation or UL TX and UL RX at RN. The guard time duration is roughly estimated about 20μs when taking into account the transient time causing by the analog amplifier unit characteristics. The Figure 1 shows in a graphic form about the guard time and transient time at the possible switching instants in DL and UL backhaul. In the UL backhaul, additional symbols could be unavailable symbols depending on the UL backhaul subframe structure. It is noted that the positions and duration of guard time (including transient time) can be different according to the design principle of backhaul subframe and its timing.
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Figure 1-(a) possible positions of guard time in downlink backhaul subframe
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Figure 1-(b) possible positions of guard time in uplink backhaul subframe

· Timing offset between eNB and RN
As shown in Figure 1, the guard time is a small fraction of one OFDM symbol, so it leads to the unavailable fraction of OFDM symbol which may be wasted if it’s not used or severely degraded if it’s used as it is. This problem could be solved by means of the following two approaches.
If all the subframe timings between eNB and RN are aligned, that is, there’s no timing offset between them, the backhaul subframe in uplink is also aligned at the reception of eNB shown in Figure 2. Therefore, the downlink backhaul subframe has the guard times at the beginning and end of the effective data symbol i.e. “DL TX (backhaul)” region in Figure 2, similarly the uplink backhaul subframe has the guard times at the beginning and end of the normal subframe, i.e. “UL RX (backhaul)” region in Figure 2. As mentioned before, the problem is the region “U” that may be wasted. However it could be utilized by means of a variety of approaches such as new type of symbol length is defined. It is noted that round trip delay time (e.g. propagation delay, processing time) in eNB-RN-UE link is not illustrated in this figure for simplicity.
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Figure 2: TX/RX subframe timing diagram in case all of subframe timings between eNB and relay are synchronized (round trip delay time is not illustrated in this figure for simplicity)
On the other hand, the guard time and unavailable part of symbol issue can be resolved by means of assigning intentional timing offset between eNB and RN as shown in Figure 3. In this method, there is timing offset of specific symbol duration (less than the transient time) between backhaul link and access link. The symbol timing of backhaul link is still synchronized with that of the macro cell link, so RN is allowed to transmit backhaul SRS in the alignment with macro UEs’ SRS. However, it would be disputed how CoMP operation can be implemented in case timing misalignment between the backhaul and access link.
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Figure 3: TX/RX subframe timing diagram in case relay subframe timing is shifted by the timing offset (round trip delay time is not illustrated in this figure for simplicity)
3. UL backhaul subframe timing considering propagation delays
Considering that the round trip delay between RN and donor eNB can affect the UL subframe timing, the handling methods of the round trip delay are described in terms of backhaul optimization (Figure 4) and legacy UE accessibility (Figure 5).The round trip delays between an eNB and an RN, and between an RN and a UE are represented by RTDeNB-RN and RTDRN-UE, respectively.
· Flexible RN DL/UL subframe timing

Figure 4 shows a TX/RX subframe timing considering propagation delays. In this case, a UL backhaul RX timing is aligned with a macro UL RX timing at the eNB. Thus, UL backhaul TX subframe timing should be advanced by RTDeNB-RN at the RN. Consequently, UL and DL subframe boundaries are misaligned at the RN. 
Therefore, this subframe timing difference at the RN derives an additional timing advance of RTDeNB-RN between TX and RX at the UE. As a result, the total timing advance needed at the UE is not RTDRN-UE, but (RTDeNB-RN + RTDRN-UE ). Since a Rel-8 LTE UE, which attempts an initial access to a RN, doesn’t know whether a RACH target cell is eNB and RN, the UE sends a PRACH preamble at a subframe timing of DL RX like the same way as it attempts to an eNB. Therefore, a preamble having a large coverage should be transmitted for the UE even though the RN cell size is not large. However, the main advantage of this UL timing is to maximize the UL backhaul resource.
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Figure 4: TX/RX subframe timing diagram in case that a UL subframe timing is misaligned with a DL subframe timing (taking account the ordinary round trip delay into the method of Figure 2) 

· Fixed RN DL/UL subframe timing

Figure 5 shows a TX/RX subframe timing in case that UL and DL subframe timings are aligned at a RN. Since the UL and DL subframe timings are aligned at the RN, there is no impact on Rel-8 UEs. That means that the timing difference between DL RX and UL TX at UE is the same as the conventional Rel-8 UEs. Additionally, the RN is allowed to transmit backhaul SRS in the alignment with macro UEs’ SRS if a RTDeNB-RN is larger than a RX-TX guard time. However, this alignment causes a reduced UL backhaul resource by a length of RTDeNB-RN. 
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Figure 5: TX/RX subframe timing diagram in case that a UL subframe timing is aligned with a DL subframe timing 

4. Conclusion

Regarding the UL backhaul subframe timing, two options are discussed; 1) Flexible RN DL/UL subframe timing in Figures 2, 3, and 4, and 2) Fixed RN DL/UL subframe timing in Figure 5. 
In summary, in Figure 2 and 3, the round trip delay is not considered for simplicity. Both Figure 2 and 3 are based on the flexible RN DL/UL subframe timing. The key difference between Figure 2 and 3 is that Figure 2 is to keep the timing of eNB and RN as it is, Figure 3 is to allow an intentional timing offset between UL backhaul and UL macro-link at an eNB. 
Figure 4 is to take the round trip delay into the timing relationship diagram for the illustration of realistic environment, and it is the same timing diagram as Figure 2. Thus, the option in Figure 4 is a generalized flexible RN DL/UL subframe timing scheme considering propagation delays. In this case, the UL backhaul resources can be maximized.
Figure 5 shows a generalized timing diagram of the fixed RN DL/UL subframe timing considering the round trip delay. In this case, there is no impact on the accessibility of legacy UE even in the large amount of round trip delay between eNB and RN. Two approaches in Figure 4 and 5 have their own merits and drawbacks, so it should be investigated carefully before further detailed backhaul design. 
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