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1. Introduction

One of most important key discussions in LTE-A relay system is related to backhaul achievement. Most discussions on LTE-A relay backhaul, so far, have been focused mainly on DL scenario. Besides, UL relay backhaul indeed plays an important role in realizing LTE-A relay system as well. UL backhaul can be formed by putting restriction on UL transmission from UEs under the relay node (RN) during the UL backhaul time occasion. An RN cannot guarantee secure decoding of signals received during UL backhaul time occasion due to the relay’s self-interference. This can have impacts especially on HARQ re-transmission and periodic PUCCH transmission from UEs under the RN and PRACH slot configuration in the relay cell.
In this contribution, we discuss the impact of UL backhaul existence on PRACH configuration of RN in FDD system.
2. Discussions
UL backhaul periodicity can be highly tied to UL backhaul HARQ scheme. The discussions on UL HARQ RTT and UL backhaul periodicity have not been well done so far. However, we think 8 ms and 10 ms are candidates for UL backhaul periodicity.
In an UL backhaul time duration, an RN cannot always successfully decode received PRACH preambles even if it receives only one preamble in a PRACH slot in the duration. This is caused by the RN’s UL self-interference. Therefore, it is straightforward to avoid placing any or as much PRACH slots as possible in UL backhaul time duration.
In what follow, for the two UL backhaul periodicities of 10ms and 8ms, we demonstrate to show whether we can prevent PRACH slots from taking places on UL backhaul time occasion. 
2.1. Impact of UL backhaul periodicity of 10 ms on PRACH configuration
All the PRACH configurations defined for Rel’8 have the periodicity of either 10 ms or 20ms. So when the UL backhaul periodicity is 10 ms, we can keep all the PRACH slots away from the UL backhaul time occasion. From this point of view, 10 ms is preferred as the UL backhaul periodicity.
2.2. Impact of UL backhaul periodicity of 8 ms on PRACH configuration
An UL backhaul periodicity of 8 ms was proposed taking into account UL synchronous HARQ operation [1]. For the UL backhaul periodicity of 8ms, with some PRACH configurations, some PRACH preamble transmission happen in UL backhaul time occasion because PRACH periodicity is 10ms or 20ms.  In this section, it is discussed whether and how such a collision between PRACH slot and UL backhaul time occasion can be avoided. 
In Figure 1, 5 UL backhauls and 4 PRACH slots each being 1 sub-frame long (i.e. preamble format 0 is employed) exist in 4 consecutive radio frames. One PRACH slot appears in Sub-frame#4 in every radio frame. The first UL backhaul in the 40ms period is on Sub-frame#0, an even-number sub-frame of the first radio frame. The other UL backhauls are also on even-number sub-frame. In this configuration one PRACH slot (the third slot) falls on one UL backhaul time occasion (the fourth occasion) in the 40ms period. In this collided timing the RN can’t surely process received PRACH preambles, which is interfered with the RN’s UL backhaul transmission signal. For this UL backhaul placement, such a collision happens if a PRACH slot appears at 10ms interval and in any of even-number sub-frames (Sub-frame #0, #2, #4, #6 and #8). If the first UL backhaul is on an odd-number sub-frame (Sub-frame #1, #3, #5, #7 and #9) and therefore the others are also on odd-number sub-frame, such a collision doesn’t happen for this PRACH configuration. This is further discussed with Figure 2.
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Figure 1 Collision between PRACH slot and UL backhaul time occasion
In Figure 2, each of 4 PRACH slots is placed in Sub-frame #1 in a different radio frame. In this case no collision is seen between UL backhaul timing and PRACH slot. For this UL backhaul allocation, there is no collision if a PRACH slot appears at 10ms interval and in any of odd-number sub-frames (Sub-frames #1, #3, #5, #7 and #9).
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Figure 2 Collision between PRACH slot and UL backhaul time occasion
From the discussion above, a suggestion can be derived under an assumption that UL backhaul on a single sub-frame appear at 8ms interval and 1ms-long PRACH slot at 10ms interval. The suggestion is that if the UL backhauls are placed on odd-number sub-frames, PRACH slots should be in even-number sub-frames in order to keep PRACH slot from appearing in UL backhaul time occasion, and vice versa: if the UL backhauls are placed on even-number sub-frames, PRACH slots should be in odd-number sub-frames. 
An alternative is to additionally introduce PRACH configurations where different sub-frame numbers from those already defined in TS36.211 are used. However, such alternative could not have Rel’8 backward compatibility, or it could have large overhead.
An RN may use preamble format 1 or 2 which requires 2 consecutive UL sub-frames. In this case, if UL backhaul periodicity is 8ms and PRACH periodicity 10ms, the PRACH collision with UL backhaul timing should happen as shown in Figure 3. (Optimistically one may think that this case is a small issue because preamble format 1 or 2 has a repeated structure and only one of two consecutive sub-frames forming one PRACH slot is affected by the RN’s UL self-interference. Thus the interfered preamble would be successfully decoded with a high possibility.) If the number of UE in this RN cell is relatively small, the use of 20ms PRACH periodicity is a good solution. That is, PRACH Configuration Index 16 is used for preamble format 1 and PRACH Configuration Index 32 for preamble format 2.
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Figure 3 Collision between repeatedly structured preamble PRACH slot and UL backhaul
PRACH configurations in which there are more than one 10ms-periodicity separately spaced PRACH slots in a radio frame have a somewhat different problem. One example is given in Figure 4. In this case, Rel’8 specification can’t help the collision problem with the use of 20ms PRACH periodicity. One solution to this would be to introduce new PRACH configurations where 20ms periodicity and/or different-from-Rel’8-spec sub-frame combinations are used. One down-to-earth solution may be to not use this type of PRACH configuration, assuming the required PRACH resource is small in typical RN cells.
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Figure 4 Collision between PRACH slot and UL backhaul time occasion
In the configurations shown in Figures 3 and 4, we can observe that when UL backhaul appear in every 8th sub-frame, if there are at least 2 10ms-periodicity PRACH slots which uses both even-number and odd-number sub-frames, the collision should occur. However, the collision in the both cases could be avoided if 20ms periodicity were used.
In this section, the impacts of UL 8ms-periodicity backhaul on PRACH configuration have been discussed. For some PRACH configurations, the collision can be avoided. This implies the PRACH collision problem can be left to implementation issue. That is, the RN only has to select a proper PRACH configuration according to UL backhaul allocation. For some other PRACH configurations, the collision can’t be avoided, but could be avoided if the periodicity were 20ms.  
When the UL backhaul periodicity is 10 ms instead of 8 ms, the collision problem is very much relaxed or resolved for most PRACH configurations (except PRACH Configuration Index 14) by making UL backhaul allocation and PRACH slot allocation disjointed.
Even if the system is operated in a condition where the PRACH slot collision cannot be avoided, the collision issue may be treated as implementation issue. A UE whose preamble transmission has been failed due to the collision only has to transmit a preamble again. The collision occurrence rate is not large (e.g. it is 0.125 in case shown in Figure 4). Regardless of the presence of the collision, the successful preamble transmission without re-transmission is not always guaranteed. Whether an RN can successfully receive and decode preambles received in the presence of interference depends on the level of interference and the receiver performance differing between vendors. 
3. Summary
· When UL backhaul periodicity is 8 ms and PRACH periodicity 10ms, with some PRACH configurations, some PRACH slots can collide with UL backhaul time occasion where RN cannot guarantee successful decoding of received PRACH preambles. With some other PRACH configurations, any PRACH slot doesn’t fall in any UL backhaul time occasion. This means that RN can avoid PRACH slot collision by selecting an appropriate PRACH configuration. Even in collision-inevitable scenarios (where not all the PRACH slots collide with UL backhaul), the PRACH slot collision with UL backhaul time occasion is a small issue. Therefore, the way of handling PRACH slot collision issue may be left to implementation.
· For UL backhaul periodicity of 8 ms, it is not recommended to use a PRACH configuration where there are multiple separately spaced PRACH slots in one radio frame. Such configurations are e.g. PRACH Configuration indexes 6, 7, 8, 9, 10, 11 and 14 for Preamble Format 0.

· The appropriate UL backhaul periodicity is 10 ms rather than 8 ms from the viewpoint of the avoidance of collision between PRACH slot and UL backhaul time occasion.
4. Reference

[1] R1-084357, Ericsson, “Efficient support of relays through MBSFN subframes,” RAN1#55.
[2] R1-084412, Motorola, “LTE signaling to support Relay operation,” 3GPP RAN1#55.  
 5 / 5

