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1.
Introduction

As discussed in RAN1 #44bis meeting, there are two approaches on how to handle the Random Access Message when random access is under non-synchronization scenario.  And now the key factor is the number of message bits that can be taken by one-part burst. 
In this contribution, first it is clarified and summarized the advantage and disadvantage of the two approaches. And secondly, some discussion on the key determination of selection and some possible methods of binding the preamble and message in one part transmission are involved. Thirdly, the available number of bits on one part transmission for emergency message is also analyzed by the numerical result. And the method of approach 1 and approach 2 selected adaptively according to the different scenario is discussed. At last a conclusion of random access consideration is proposed.
2. Discussion
2.1 Comparison between one part and two parts transmission 

Citing from the random access TP [1], It can be concluded that two different approaches on non-synchronization random access message handling are alternative; the two approaches are explicitly distinguished by the random access structure and used physical resources. 

On the random access structure, the one part transmission is contradicted with the two-part transmission. One part means the preamble of definite function is mingled with some implicit message information bits. Two-part means the preamble transmitted before message and keep a certain or uncertain time gap with message transmitted.

On the random access used physical resources, the attachment of random accesses message sways between the contention-based resources and scheduled-based resources. 

The one-part transmission has less access time delay than two-part transmission. The two-part transmission must wait the preamble response time, so the saving of access time by one-part transmission may be distinct. But one part transmission is so aggressive that message modulation stability and efficiency may be lower than two-part transmission if preamble losses or message needed SIR can’t be guaranteed.

It is obvious that scheduled-based resources can give message more safe demodulation than contended-based resources as the possible collision on contended-based resources.

2.2 The key determination on selection between two approaches
A typical combination structure between preamble and message in one-part transmission is time sequence, issued in [2].
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Figure 1 random access burst example

Combining preamble and message in frequency domain, or preamble itself implicitly containing the message information also can be considered.

The exact content of message and procedure for non-synchronization random access is decided by RAN2, and at physical layer, the most important key is how many bits the one-part random access message can take at almost all the scenarios including diverse cell range, Rx antenna height and so on. 

For time sequence, obviously, for the smaller cell range, the power or C/I received at E-NodeB is higher that less time of preamble is enough, so it means more message bit can be inserted in burst. But for the bigger cell range, the power or C/I received at E-NodeB is lower that more time of preamble must be guaranteed, so it means less message bit can be inserted in burst. The number of message supported by burst varies at different scenario.

Whatever they are, the one-part message should be useful for reducing the access delay or heighten the demodulation probability of message. So it means the message bit number has a certain lower limit to meet the need.

When the lower limit is between the max number and the min number supported by the burst. The approach 1 and approach 2 can be selected adaptively according to the different scenario. 

2.3 Simulation Assumptions and Results
Simulation results for random access preamble detection and message demodulation are presented in this section. Only the 1.25 MHz BW is evaluated but it does not imply denying the possibility of 5 MHz BW. 
An example burst structure is used to analyze preamble detection loss rate and message demodulation BLER.
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Figure 2 random access burst and radio frame example

To fit the compatibility of base station receiver architecture, the example burst reuse the scheduled subframe, and two half OFDM symbols are pushed to both side of 0.5ms burst used as guard time with an integrate symbol (0.5ms burst is not the exclusive assumption). And 5 other symbols are used as preamble and message. The ratio of preamble and message occupation can be adjusted. In this simulation assumption, the preamble symbol is 1 or 4.

The Preamble detection performance is evaluated by detect loss rate in this scenario. The detect threshold will keep the false alarm rate below the 1%. CAZAC is used as the preamble sequence; GCL [3] may be another choice. In receiver, the received sequence will correlate with all possible local preambles sequence in the search window. The preamble can be as the referent signals for message demodulation. The message is derived from a random sequence of BPSK symbols and packed into the random access burst. For message bit, the simplest repeated coding is used.
Simulation parameters are summarized in Table 1. 

Table 1: Simulation parameters

	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	Total Number of used subcarrier
	73

	Length of CAZAC sequences
	73

	Number of preamble symbols per burst
	1 and 4

	Channel Model
	TU 3km/h

	Number of TX/RX antennas
	1/2

	RACH codes
	CAZAC


The probabilities of loss detection rate of preamble are shown in Figure 3. SNR is used, not Ep/N0, and the two have some certain relation to be translated mutually. 
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Figure 3 probabilities of loss detection rate

Under the example scheme, from Figure 3, it is obvious that when the SNR is around –10 dB, the preamble detection loss probability 10-2 requirements can be achieved, and for one symbol preamble, SNR need –5dB.

Assume SNR of 5 dB is required to support message information bit demodulation BLER of 1% for QPSK R=1/2.  

Table 2: Message information bits on 1.25 MHz BW
	SNR
	Preamble time
	Payload in 0.5 ms
	Payload in 1 ms 
	Payload in 2 ms

	-10 dB
	4 symbol
	2 bit
	18 bit
	50 bit

	-5 dB
	1 symbol
	30 bit
	82 bit
	187 bit


For the one-part preamble in conjunction with message, the possibility of taking the message information is confirmed, but the occupation of message is very little due to the limit of burst time. So the selection message content must be cautious. 

2.4 Adaptive approach selection

When the lower limit is between the max number and the min number supported by the burst. The approach 1 and approach 2 can be selected adaptively according to the different scenario. 

The principal of selecting is mainly based on the channel quality, especially SNR or C/I. Although UE cannot know the uplink channel quality before access, but the downlink channel quality also is an important reference. For example, when the channel quality is exceed a target, it is suitable to select approach 1; When the channel quality is below a target, it is suitable to select approach 2. And also RACH BW, Mobile speed and so on will influence the selection of approach.

At the E-NodeB, no more effort is needed except blind detection to distinguish the burst containing the preamble symbol only, or preamble symbol plus message symbol, for the approach will not be fixed at different scenario. 

Because the preamble has the especial character on auto correction and especial coding scheme of message bit, it is easy to distinguish the preamble symbol from the ordinary message symbol.
3. Conclusion

In this contribution, the advantage and risk of two kinds of random access scheme on non-synchronization scenario are compared; the key factor is the number of message bit supported by burst, at the different cell range scenario, the number of message bits supported is not fixed. For balancing the access time delay and random access message bits supported by burst, the adaptive selection according to the different channel quality is proposed. 
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