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1 Introduction
In the Riga meeting, issues with the RACH performance at high mobility were raised and it is proposed by several companies that an additional RACH preamble structure may be needed to support high mobility random access. In this contribution, we provide two solutions to the problem.
2 Problems and Existing Proposals
Several companies have indicated in their contributions that the current RACH preamble structure may not be sufficient to support random accesses of UEs traveling at high speeds (e.g. higher than 200 km/h) such as in [1]-[4]. Some of the proposed solutions to solve the problem are summarized below:
1. Use one long sequence (e.g. 0.1ms + 0.8ms + 0.1ms);
2. Use twice repeated short sequence  (e.g. 0.1ms + 2x0.4ms + 0.1ms);
3. Time multiplex Structures 1 and 2 (e.g. alternating use of Structures 1 and 2);
4. Other structures (e.g. use partial correlation or apply scrambling.)
Simulation results have demonstrated that the structure 1 (use one long sequence) suffers unacceptable performance loss at very high speeds; while Structure 2 may have other issues such as a reduced number of available sequences, and its performance at low speeds may be degraded comparing to the structure 1.  Time multiplexing Structures 1 and 2 could lead to unnecessary random access delay, which may not be desirable.
3 Our Proposals

In this contribution, we propose two solutions for the handling of non-synchronized random access to support high mobility.
Proposal A 
Frequency multiplexing of Structures 1 and 2

When there are two or more random access channels, eNB may designate one or more of them for the use of the RACH preamble structure 2, and other random access channels use Structure 1. The configuration may be done on a per RACH time slot basis (i.e. every 10 ms) as shown in  Figure 1. A UE decides whether to transmit long or short sequences based on its own mobility profile.
Based on the system load, eNB may configure none or at least one random access channel for Structure 2 (short sequence) at each RACH time slot. If in a country or region, an operator prefers not to use more than one RACH preamble structures, all eNBs may configure all random access channels at all RACH time slots to use the RACH preamble structure that the operator prefers. 
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Figure 1 Configuration of random access channels to use either Structure 1 or Structure 2
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Figure 2: A UE transmits RACH preamble based on its own mobility profile
Proposal B 
Use both Structures 1 and 2 at the same time: a UE transmits a long or short sequence based on its own mobility profile and the NB detects both long and short sequences. (A UE may operate in three modes: transmit long sequence only; transmit short sequence only; and transmit either long or short sequence based on the estimated speed. The actual operating mode may be directed by the NB.)
Figure 2 illustrates that a UE transmits a long sequence (Structure 1) or a short sequence (Structure 2) based on its own mobility profile. Figure 3 is the receiver structure at eNB that detects both a long or short sequence at the same time. Figure 3 (a) shows that the detector has both a long sequence correlator and a short correlator; each has its own threshold.  Figure 3 (b) is the conceptual drawing of the RACH detector at the eNB.
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Figure 3 The eNB detects both long and short sequences
3.1 Simulation results for proposal B
We perform numerical simulations to examine the RACH detection performance of the proposal B.  Figure 4 shows the non-synchronized random access burst structure.
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Figure 4 Non-synchronized random access burst structure: 1 TTI (1.0 ms) burst
Table 1 summarizes the parameters used in the simulations. Other parameters associated with the long and short sequences are given in Table 2.

	RACH slot length
	1.0 ms (1 TTI)

	Carrier frequency
	1.9 GHz

	Preamble sampling rate 
	1.095 MHz

	CP length (=guard period (GP) + delay spread (DS))
	105 us

	Guard period (=max RTD)
	99.6 us

	Long sequence length 
	795.4 us (871 samples)

	Short sequence length
	395.4 us (433 samples)

	Channel model
	6-path TU

	# of detectors
	# of ZC sequences x # of cyclic shifts per ZC

	# of transmitted preambles
	1














Table 1 Simulation parameters

	Sequence length (samples)
	# of ZC sequences
	# of cyclic shifts per ZC
	Cyclic shift (samples)
	Max cell radius from cyclic shift (km)

	871
	2
	8
	108
	14.78

	433
	2
	4
	108
	14.78


Table 2 Parameters associated with the long and short sequences
Figure 5 and Figure 6 are the RACH detection performance for UEs traveling at low speeds that transmit long sequences (Structure 1) and for UEs traveling at high speeds that transmit short sequences (Structure 2), respectively. 

In these figures, the dashed lines are probabilities of missed detection, and the solid lines are probabilities of false alarm. In the case of a single detector (long sequence (LS) detector or short sequence (SS) detector only), the total number of detectors is the number of ZC sequences times the associated the number of cyclic shifts (8 for long sequences and 4 for short sequences.) When double detectors (both long and short detectors) are used, the number of ZC sequences is reduced by half for both long and short sequences. From these figures we see that the double detectors perform reasonably well for either high speed UEs transmitting short sequences or low speed UEs transmitting long sequences.
In the case of low speed UEs transmitting long sequences, the double detectors perform very similarly to the long sequence detector. At high speeds when UEs transmit short sequences, the missed detection probabilities are very similar for both single and double detectors. The false alarm probabilities of the double detectors are slightly higher than that of  the single detector.
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Figure 5 Performance comparison of single and double detectors at low speeds
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Figure 6 Performance comparison of single and double detectors at high speeds
4 Conclusions
In this contribution, we have proposed two solutions to support random accesses by UEs moving at high speeds. 
· One is the frequency multiplexing approach, where an eNB may designate one or more of its random access channels for UEs traveling at high speeds to transmit short random access sequences, while the remaining random access channels are used for UEs traveling at low speeds to transmit long random access sequences. 
· The other solution is to let a UE decide which sequence is to be transmitted based on its own mobility profile. The eNB tries to detect both long and short sequences at the same time. This solution requires that UE estimate its moving speed.
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