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1 Introduction
During RAN#86 the following was agreed:

Agreements:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective

· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied

· Details on Msg. 1 and Msg. 2 are FFS

· Study should include comparison with the above procedure (first bullet)

During RAN1#86bis the following is identified:

Agreements:
· 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 

RAN1 has sent an LS [1] to RAN2 stating:

· RAN1 is aware that RAN2 is also studying the RACH procedure and RAN1 would like to inform RAN2 to take the above into considerations and would like to request any feedback on UE identities and associated procedure and also ask the corresponding applicable scenarios.
In this contribution, we discuss design considerations for a 2-step enhanced RACH (eRACH) procedure with focus on the enhanced Msg1 (eMsg1) transmission.  

2 Discussion
It is agreed that a 4-step LTE-like RACH procedure is at least assumed for NR and a simplified 2-step NR RACH procedure shall be studied.  In the 4-step RACH procedure, the first two steps are intended to acquire an uplink timing alignment (TA) and scheduling grant.  In certain NR scenarios the TA acquisition can become unnecessary, for example a dense small cell deployment and a 2-step RACH procedure as illustrated in Figure 1 can be considered.  
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In this contribution, we discuss design considerations for a 2-step enhanced RACH (eRACH) procedure with focus on

the enhanced Msgl (eMsgl) transmission. |
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2 Discussion

It is agreed that a 4-step LTE-like RACH procedure is at least assumed for NR and a simplified 2-step NR RACH
procedure shall be studied. In the 4-step RACH procedure, the first two steps are intended to acquire an uplink timing
alignment (TA) and scheduling grant. In certain NR scenarios the TA acquisition can become unnecessary, for
example a dense small cell deployment and a 2-step RACH procedure as illustrated in Figure 1 can be considered.
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Figure 1 4-step RACH procedure and 2-step RACH procedure
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Figure 1 4-step RACH procedure and 2-step RACH procedure

The 2-step RACH procedure can apply an Msg1 transmission (eMsg1) including both preamble and uplink data and Msg2 (eMsg2) transmission including RAR and downlink data.  For NR UE with frequent uplink transmission of small payload, the 2-step RACH procedure can reduce considerably the latency and transmission overhead.  Also for NR UE access to unlicensed spectrum, the simplified procedure can be more efficient with fewer listen-before-talk operations.

Observation 1:
2-step RACH procedure can be suitable for certain scenarios and can reduce latency and transmission overhead compared to 4-step RACH procedure.  

When the 2-step RACH procedure is applied in a scenario where uplink alignment is indeed required, the eMsg1 data part will probably not be received correctly due to the increase uplink interference.  Thus it can be beneficial to introduce a flexible RACH procedure initiation so that the UE is able to determine whether a 2-step or 4-step RACH procedure is suitable.  The determination can be based on information detected by UE or configured by the network.  For example a UE under coverage of a low power node can select the 2-step RACH procedure and transmit eMsg1 without use of TA.  In addition a stationary UE can also select the 2-step RACH procedure based on its mobility estimate and transmit eMsg1 using a stored TA most recently applied to the target TRP of the RACH procedure.  The network can provide configuration to facilitate the determination.  For example the system broadcast information of a large Macro cell can include configuration for only 4-step RACH procedure.  When a RACH procedure is ordered by the network using L1 control channel the related configuration can be included.  
Proposal 1:
Selection between 4-step and 2-step RACH procedure based on need for timing alignment is supported 
The eMsg1 data part can include certain type of UE ID, Msg3 data or small payload of user data and the response from RAN2 regarding the LS [1] will provide further clarification on eMsg1 data content.  One issue associated with the eMsg1 data part is collision.  Multiple UEs in a small cell can select 2-step RACH procedure and transmit eMsg1 using the same preamble.  The collision can cause the network to detect the preambles but fail to decode data parts as the data parts of different eMsg1 transmissions interfere each other.  In this case a fall-back based on step 2 transmission content as shown in Figure 2 can be beneficiary.
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RAN?2 regarding the LS [3] will provide further clarification on eMsgl data content. One issue associated with the
eMsgl data part is collision. Multiple UEs in a small cell can select 2-step RACH procedure and transmit eMsgl
using the same preamble. The collision can cause the network to detect the preambles but fail to decode data parts as
the data parts of different eMsgl transmissions interfere each other. In this case a fall-back based on step 2

transmission content as shown in Figure 2 can be beneficiary.
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Figure 2 Fall-back to 4-step RACH procedure following eMsg1 transmission
When the network detects a preamble and fails to decode the data part, the network can transmit RAR instead of the eMsg2 transmission of the 2-step RACH procedure.  The UE upon decoding the RAR transmission can fall back to 4-step procedure.  In addition the detected preamble ID can be included in the RAR.  
Proposal 2:
Fall-back to 4-step RACH procedure is supported in case eMsg1 preamble is detected but the data part decoding fails. 

The eMsg1 can have preamble and data part multiplexed in frequency domain or in time domain as shown in Figure 3.  The frequency multiplexing can require guard band in case the preamble and data part has different numerology in order to avoid interference.  Also the network may need to buffer the data part without prior knowledge of the data part’s numerology.  Thus, multiplexing in the time domain is preferred.  Each part can contain an integer number of symbols depending on the numerology [3] and each symbol may have a CP.  The LTE preamble adopts 1.25-kHz sub-carrier-spacing and accordingly a single preamble symbol.  For NR the preamble design may use multiple preamble symbols in the preamble part for example to facilitate beam sweeping.  Also the preamble can be used as DMRS for the data part, which may impose further requirement on the preamble design such as sequence type and length.  The preambles can be assigned into different groups for example based on the use for 2-step and 4-step procedures, path loss, data size and transport format, preferred numerology, resource allocation, etc.  The UE can determine a preamble group according to the grouping criteria and select an individual preamble within the group randomly or according to pre-configured rules.  The time and frequency resource allocation of the preamble can be determined by the UE based on the received RACH configuration and the downlink transmission parameters, e.g. the resource association between the downlink beam and RA resource.  
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Figure 3 eMsg1 transmission resource allocation
For the resource allocation and transmission parameters of the eMsg1 data part, it can be desirable to have an association between the preamble and the data part.  Such association would allow the network to determine the resource allocation and transmission parameters of the data part based on the detected properties of the preamble transmission, e.g. the preamble sequence and the beam direction.  
One association can pertain to resource configuration of the data part, e.g. the frequency resource allocation.  For example the preamble and data part can have the same frequency allocation as indicated in Figure 3.  In this case, the network upon detection of the preamble transmission can use the same center frequency and FFT size to buffer the data while detecting the preamble, which can reduce the data part reception complexity.  This option can also allow the preamble to be used as DMRS for the data part.  Furthermore the option will not need another listen-before-talk that would be required if the data part has a separate frequency resource allocation.  The eMsg1 data part of the 2-step RACH procedure is designed for small payload data and may not require large transmission bandwidth in the first place.  
Another option is to use the preamble sequence to indicate the data part frequency allocation and the data part can use different transmission bandwidth and frequency allocation.  In this case the data part configuration has more freedom, but the NW may need to re-tune the center frequency and apply different FFT for the data part and the implementation can be complex. 
The selection of preamble or preamble group can also indicate reference signal configuration of the data portion.  For example when DMRS is used for the data portion, the network can determine DMRS configuration based on the detected preamble of eMsg1.   

Proposal 3:
Preamble and data portion of eMsg1 are time multiplexed and use the same frequency allocation. 
Additional association can allow the NW to determine the transport format, i.e. MCS of the data part.  Given the frequency resource configuration of the data part, the UE can determine MCS depending on the path loss, data size, coverage requirement and service type.  For example the UE can determine both preamble sequence and data part MCS based on the measured path loss according to a pre-configured mapping as shown in Table 1 below.  
	2-step RACH preamble sequence group
	Estimated PL
	Data part MCS index

	sub-group 1
	
	1

	sub-group 2
	
	2

	……

	sub-group n
	
	N


Table 1 2-step RACH procedure preamble and data part MCS mapping
The small range of possible payloads for eMsg1 transmission can limit the size of the MCS table and allow a reasonable preamble sequence planning for the mapping.  The network can use this association to determine the MCS of the received Msg1 data part for data decoding.  The selection of the preamble group may additionally be dependent on the message size (as in LTE) and on the selected numerology [3]. 
It should be noted the network detection of the preamble transmission parameters and following determination of the data part transmission parameters based on the association may require a processing delay before the data part reception.  As a result the network can sample and buffer the data part using the maximum resolution and reconstruct the data when the process is completed.  Optionally, the eMsg1 can include a gap period between the preamble and data part.  However, the transmission gap can reduce the UE PA efficiency and also cause loss of the access during unlicensed spectrum operation. 
Proposal 4:
Selection of preamble sub-group and MCS of data portion as a function of at least path loss and message size is supported.

3 Conclusion

This contribution discusses design aspects of 2-step RACH procedure.  The following observations are made:

Observation 1:
2-step RACH procedure can be suitable for certain scenarios and can reduce latency and transmission overhead compared to 4-step RACH procedure.  

The proposals based on the discussions above are summarized below:
Proposal 1:
Selection between 4-step and 2-step RACH procedure based on need for timing alignment is supported 

Proposal 2:
Fall-back to 4-step RACH procedure is supported in case eMsg1 preamble is detected but the data part decoding fails. 

Proposal 3:
Preamble and data portion of eMsg1 are time multiplexed and use the same frequency allocation.
Proposal 4:
Selection of preamble sub-group and MCS of data portion as a function of at least path loss and message size is supported.
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