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1 Introduction

 In this document, some considerations of the non-synchronized random access procedure are discussed.

As 1 ms length preamble has been decided in RAN1 46#, a new base preamble structure is proposed.

2 Non-synchronized random access procedure 
For the typical non-synchronized random access procedure discussed in [1], the WG2 raised some questions on random access procedure. 

Q1:
What is RAN WG1’s assumption on the eNB capability to decode uplink signatures: always the maximum (e.g. 64), or should the system allow to limit the number of signatures for e.g. eNB Hw simplification?
A: The maximum number 64 is the signature candidate, not the number can be decoded simultaneously. From the simulation result, the number of signatures simultaneously transmitting should not exceeding 4 to keep the proper detection rate and false alarm rate. But the E-NodeB should be ready to decode the 64 signatures unless for certain T/F resources, the signatures are limit to 8,16 or 32 less than 64.

Q3:

Are there any limitations to the feasibility of synchronous or asynchronous transmission of message 2 (with respect to message 1) from a WG1 perspective?
A: The synchronous transmission of message 2 can’t save more bits to inform UE, because RACH can be transmitted at more than one 1.25M bandwidth, so the time synchronous can distinguish the user time difference, but can’t solve the frequency difference.

The synchronous transmission of message 2 has an advantage that UE will know acknowledge or non acknowledge response in time to reduce the RACH procedure latency.

Q5:

Are there any limitations to the feasibility of synchronous or asynchronous transmission of message 4 (with respect to message 3) from a WG1 perspective?
A: The same answer with Q3.

The response message of the preamble transmitting may be three types, ACK, NACK and no response. ACK may be the right response of signature, may be the false response, but the same thing is the signature is decoded in spite of the right or wrong. NACK means initiatively refusing the request of random access, and no response means the result of E-NodeB can’t resolve any signature exceeding the target limit.

The power ramping should be considered when UE doesn't get the response of E-NodeB, and frequency hopping also can be used to raise the possibility of next request.

3 Preamble design at 1 ms length
The UE transmits a preamble in the 2*0.5ms random-access subframe in figure 1. Guard time 1 cover the Tds at least to avoid the previous scheduled data symbol interference; commonly the Tds length is 5 us as channel time delay. The Guard time 1 also can be a long cp to improving the detection performance of preamble and reduce the complexity of detection.
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Figure 1: Random-access 1 ms burst structure

The base preamble length is 1536 samples as sampling rate is 1.92 MHz, which the 1536 samples are over sample from 1153 points ZC-ZCZ sequence by DFT-S OFDM modulation. The samples type have one length equals about 800 us. The 1153 points ZC-ZCZ sequence has 1152 cyclic shift shadow, and 1152 can be divided by 128 and 9 or by 64 and 18 easily to multiplex by multi cells. 

Figure 2 is the typical repetition method for large-scale cell. One base random access burst is 1 ms, the repetition factor k=1,2,3.
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Figure 2 repetitions of base preamble and GP

Assuming the preamble length , Guard time 1and Guard time 2 length is scaleable, the Guard time 1 length is about (k*1ms－k*0.8ms) /2+Tds and the Guard time 1 length is about (k*1ms－k*0.8ms) /2-Tds. The length is determined by the RTD. But actuality, the scaleable length is not necessary, as the preamble length is not only determined by RTD, but also by the non-linear path loss relation. The path loss affect is more important. The whole analysis is still based on the scaleable length as convenient.
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Figure 3 1.0 ms preamble burst generation method

Figure 3 is the generation method of 1 ms random access burst, and the GP1 can be used as CP of time domain preamble signature sequence.

4 Problem of non-synchronized random access preamble in large cell

In [2], the repetition problem is illustrated. The main obstacle is that cyclic convolution detection can’t be used for very large cell for example 100km under the base repetition block is 0.5ms. 

Additionally the length of base burst expands to 1.0 ms, the adverse effect of repetition is reduced. But for both 0.5ms and 1.0ms, the other problem is also existing. 

The ZC-ZCZ code is selected as the signature. The cyclic shift of the same prime mother code is zero correlation each other and the hybrid of CS-ZC code and multiple mother code expand the set of signature candidates largely. But since the RTT of large cell increase, the cyclic shift gap in one mother code should also increase. At this moment, the candidates of signature numbers shrink, to keep the maximal 64 possibilities access, the more mother code will be used, and it will cause more interference at large cells. 

5 Simulation Assumptions and Results
Simulation results for random access preamble detection are presented in this section. Only the 1.25 MHz BW is evaluated. 
The Preamble signature detection performance is evaluated by detect loss rate in this scenario. The detect threshold will keep the false alarm rate below the 1%. ZC-ZCZ is used as the preamble signature sequence, for the maximal collision user used the cyclic shift of one mother code. In receiver, the received sequence will correlate with all possible local preambles sequence in the search window to confirm the arrival time, or when the GP1 used as CP, the receiver can handle frequency domain receiving. 

Simulation parameters are summarized in Table 1. 

Table 1: Simulation parameters

	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	1536

	Total Number of used subcarrier for ZC-ZCZ
	1153

	Length of ZC-ZCZ sequences
	0.8ms

	Channel Model
	AWGN & TU 3km/h

	Number of TX/RX antennas
	1/2

	Total number of sequence in one cell
	64

	Maximal collision user number in one access burst
	4


The probabilities of loss detection rate of different prime mother code and ZC-ZCZ of the same preamble prime mother code are shown in Figure 4-7. Ep/N0 is used. 1-4 users collision in one access burst, the collision time is randomly selected.
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Figure 4 Probabilities of loss detection rate of different Zadoff_Chu in AWGN
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Figure 5 Probabilities of loss detection rate of different Zadoff_Chu in TU 3km/h
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Figure 6 Probabilities of loss detection rate of cyclic shift ZC in AWGN
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Figure 7 Probabilities of loss detection rate of cyclic shift ZC in TU 3km/h
6 Conclusion

In this document, we discussed the question of non-synchronized random access procedure, and the preamble burst for 1 ms. Additionally There are not enough signatures for larger cells to use. 
A new non-synchronized random access preamble burst for 1 ms is proposed.
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