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Introduction

It has been agreed to
allow frequency hopping of the PRACH with only one frequency hopping pattern common to all cells. In addition sixteen PRACH slot configuration has also been agreed with maximum random access period of 20ms.

Therefore the UE needs to know which radio frame allow RACH transmission and on which frequency in order to perform HO in the target cell. In this contribution we propose some possible solution. 

Discussion
The purpose of frequency hopping for RACH has been introduced to increase the detection performance of preamble retransmission through frequency diversity as shown in the Figure1.
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Figure 1: Gain of Frequency hopping at second transmission
Using the same frequency hopping pattern among all cells avoid the signalling of the specific pattern, however when the UE performs HO in target cell it needs to know which RACH frequency to use. 

One simple solution is that the hopping pattern be based on SFN. Then knowing the SFN the UE can determine which frequency is reserved for random access. There are different possibilities to the UE to obtain the SFN of the target cell:
· Through dedicated signalling (handover command message) by the serving cell. It assumes some information exchange between eNBs, in order to match the SFN of serving cell with the beginning of the frequency hopping pattern (frequency hopping period) in the target cell. Knowing the SFN at which occurs the beginning of frequency hopping pattern, the UE would be able to derive frequency for RACH transmission in the target cell based on the SFN of serving cell at which it perform HO. This solution does not require to know which radio frame allow RACH in the target cell in case of 20ms random access period.

· By decoding the P-BCH from the target cell. However the 40ms P-BCH TTI may be lead to unacceptable HO interruption time.

Alternatives that avoid the use of SFN can be:
· Through the P-BCH scrambling code. As the BCH transmission within each frame is self-decodable the coded BCH transport block is mapped to four subframes within a 40 ms, as shown in Figure 2.
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Figure 2 - P-BCH Structure

Cell specific scrambling is applied on a transport-block basis. Assuming different scrambling for each subframe it could be possible to define mapping between transmission-specific scrambling and the frequency hopping pattern. Each transmission specific scrambling would be mapped to the of RACH frequency and the indication whether corresponding frame allow or not RACH transmission. This mapping would be provided through handover command message
· Another possibility which can lead to the shortest HO interruption time is to use the S-SCH modulation phase [1] or modulation sequence [2] to provide information about RACH frame transmission and corresponding RACH frequency within the frame. For example when considering BPSK modulation by either +1 or -1 for each SSC. Each sign combination (SSC1, SSC2) (SSC1,- SSC2) (-SSC1, -SSC2) (-SSC1, SSC2) can represent RACH transmission on/off and frequency identification. This mapping would be provided through handover command message
· The use of RACH Soft Combining [4]. As the frequency hopping pattern is the same among all cells and if the preamble signature is not changed during the allowed then a soft combining technique can be used at the eNB, to allow the detection of RACH preamble. In order to increase the probability of detection the eNB combine the received preamble energy of the current RACH reception with the previous RACH reception.. Thus the probability that a RACH preamble is detected after several retransmissions is in-creased. In order to reduce the probability of a false alarm, combining should be used only in the case that no preambles have been detected during the previous RACH reception, for the given signature. The gain of RACH soft combining is shown in Figure 3 below (scenario: 3Km/h, cell size of 0.7Km, detection method as described in [5], see [4] for more simulation details)
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Figure 3: Gain of Soft Combining at second transmission
As can be seen the gain of Soft combining is similar or slightly better to the gain of frequency hopping. The use of soft combining can avoid to change the frequency at each RACH transmission and therefore make HO 
operation simpler. Indeed at the end of S-SCH detection in the target cell the UE has knowledge of the slot timing and radio frame timing. Assuming that the PRACH slot configuration of target cell has been indicated in the handover command message UE would be able to derive the next allowed RACH time transmission.
Conclusion

It is proposed to discuss above proposed solutions for inclusion in the response to the RAN2 LS on SFN reading from the target cell at HO [3]
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