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1 Introduction
An agreement was made in RAN1#86bis meeting that:
· RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) for UEs

· RAN1 has discussed the following: 

· The use of a UE identity in Msg 1

· Msg 2: RA response that is addressed to the UE identity in Msg 1

· FFS on the definition and choice of the UE identity
· FFS on the applicability scenarios of simplified RACH procedure
In this contribution, we discuss the basic elements in Msg1 and Msg2 for 2-step RACH procedure as well as the issues related to unequal error probabilities of different parts of Msg1.Moreover we discuss the definition and choice of the UE identity.
2 Discussion
2.1 Basic 2-step RACH procedure
The main motivation of simplified RACH procedure is to reduce the RACH overhead and delay, especially when a small packet is to be transmitted. The simplified procedure seems more feasible in a small cell scenario where timing advance is less important for receiving the message part following the preamble. A fast procedure may also be beneficial in unlicensed band operation. A 2-step RACH procedure seems the most simplified random access procedure. Transmission contents in step 1 and step 2 are called Msg1 and Msg2 respectively.  
To reduce the delay, we can add a message part after the preamble in Msg1. For example, we can combine legacy Msg1 and Msg3 to form the new Msg1 in the 2-step RACH procedure. It should be noted that the message part can be transmitted right after the preamble as the TRP should detect the preamble firstly and then use it to demodulate the appended message, as shown in figure 1.
The preamble in the new Msg1 has at least three functions:

1) Demodulation RS of the message part, 

2) To notify the TRP that there is an access request. 

3) TA measurement.  
The new Msg2 can be seen as the combination of the legacy Msg2 and Msg4 in the 4-step RACH procedure used to carry out timing advance, UL grant and contention resolution information. New Msg2 may consist of the UL grant, timing advance or the ID, for instance an RNTI, to do contention resolution. The UL grant is optional when the UE wants to immediately send an urgent UL transmission or the TRP needs the UE to retransmit the message part again. When the UE has transmitted the small packet with the preamble and doesn’t have to be scheduled after the initial message appended to the preamble, the UL Grant signalling may be unnecessary. TA is also optional information which depends on the network layout and TRP implementation.
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Figure 1 Elements of Msg 1 in 2-step RACH procedure
Proposal 1: 
· 2-step RACH procedure should be considered.

· Msg1 shall consist of the preamble and message part

· Msg2 may contain UL grant, TA or Contention resolution. 

2.2 Issues related to unequal error probabilities of different parts of Msg1
In the two-step RACH procedure, preamble and message part are transmitted in Msg1. However, the operating points of the preamble and message part may be different. Hence, it is possible that a TRP detects the preamble successfully but fails to detect the message part. In this situation, the UE may have to retransmit the message part. One way to do this is to fall back to a 4-step RACH procedure autonomously. 
An example of the procedure:
Step 1: UE transmits the preamble and message part as Msg1 to TRP;
Step 2: TRP tries to detect the preamble and decode the message, 
· In Case 1: If the preamble is successfully detected but message can’t be decoded, the TRP will send Msg2 to request the UE to retransmit the message part of MSG1 in Msg3. In this case, an UL Grant should be included in MSG2 to indicate the scheduling information of MSG3
· In Case 2: If the preamble and message parts are both successful received, the TRP will send the Msg2 with contention resolution information (e.g. NAS ID sent in message part of MSG1) and other possible information (e.g. TA). Note: in case 2, MSG2 may also contain UL Grant which is to schedule a new and urgent uplink data transmission.
Step 3: Following the case 1 in step 2. With the scheduling information in UL Grant, UE retransmits the message part of MSG1 in Msg3 until the message is successfully decoded by TRP.
Step 4:  Following step 3: Contention resolution.
Figure 2 illustrates the example by comparing with ideal 2-step RACH procedure and 4-step RACH procedure.
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Figure 2 an example of the 2-step RACH procedure in abnormal condition
Proposal 2:
· NR should consider a fall-back mechanism from 2-step random access to 4-step random access when detection of MSG part of MSG1 fails.
2.3 Definition and choice of the UE identity
As the agreement of RAN1#86bis, the definition and choice of the UE identity should be studied. There are two types of UE Identity: identity before initial access and identity after initial access. One example is IMSI, which exists before initial access; another example is C-RNTI, which is generated after the initial access and exists in the RRC connected mode.

The simplified RACH procedure can be done in the initial access as the scenario analyzed in the previous chapters. It can help reduce the RACH overhead and delay, especially when a small packet is to be transmitted. It is also feasible in a small cell scenario or in unlicensed band operation. Especially it is suitable for the deep-sleep MTC terminal to send light data quickly and save the power of terminal. We should not limit the simplified RACH procedure to the RRC connected mode and keep forward compatibility to fit more scenarios.
Proposal 3:
· The UE identity carried in Msg1 can be acquired before initial access.

The preamble index is a kind of ID. But the choice of preamble ID is very limited and cannot carry enough information. For example in LTE the maximum choice of preamble ID is 64 which can only carry 6 bits.
If we strongly couple the UE ID to the preamble, for example by using the UE ID to scramble the preamble, it may cause a very high decoder complexity in gNB. Other similar methods may cause detection performance loss or consume more preamble resources.
A better way to multiplex the UE identity and preamble is with time or frequency multiplexing, e.g. by letting the UE identity be a part of the payload and only keep light or no coupling with the preamble.

Proposal 4:
· Decoupling the UE identity and preamble in Msg1.
3 Conclusions
In this contribution, the basic elements of Msg1 and Msg2 in 2-steps RACH procedure and the challenge of the unequal error probabilities of different parts of Msg1 are discussed. According to the analysis in Section 2.1 and 2.2, we proposed a 4-step-like RACH procedure when 2-step RACH procedure is in abnormal condition as below:
Proposal 1: 
· 2-step RACH procedure should be considered.

· Msg1 shall consist of the preamble and message part

· Msg2 may contain UL grant, TA or Contention resolution. 

Proposal 2:
· NR should consider a fall-back mechanism from 2-step random access to 4-step random access when detection of message part of MSG1 fails.

In section 2.3, we considered some principle of the definition and choice of the UE identity.
Proposal 3:
· The UE identity carried in Msg1 can be acquired before initial access.

Proposal 4:
· Decoupling the UE identity and preamble in Msg1.
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