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1. 
Introduction
RAN1-86 has the following agreements for random access procedure. This contribution discusses design considerations of the single beam RACH design for both 4-step RACH and 2-step RACH procedures.
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)

· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including

· Non Rx/Tx reciprocity at BS or UE

· Full or partial Rx/Tx reciprocity at BS or UE

· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 

· RACH resource is obtained by UE from detected DL broadcast channels/signals

· FFS: Details on association

· Other mechanism w/o association is also considered

· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS

· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals
2. 
PRACH Design Considerations
2.1 PRACH in 2-Step RACH Procedure

The 2-step RACH procedure which is illustrated in Figure 1 works as follows:
· UE sends eMSG1 via an enhanced physical random access channel (ePRACH) which carries RACH mid-amble and RACH payload containing UE-ID and BSR. The RACH mid-amble is used for UE to access the network and could be used as DMRS for demodulating RACH payload.
· In the response to UE request, the network sends eMSG2 via PDCCH and PDSCH. The eMSG2 might contain the detected RACH preamble ID, TA, backoff indicator, contention resolution message, etc.
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Figure 1. 2-step RACH procedure
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Figure 2. ePRACH in uplink-centric subframe

Some design considerations of ePRACH include:

· ePRACH could be mapped into the uplink regular burst of the uplink centric subframe as shown in Figure 2. 
· ePRACH subcarrier spacing and bandwidth should be properly selected for having good link budget and a sufficient space for RACH mid-amble sequences.
· ePRACH design might be unified across TDD and FDD
Proposal 1: Consider ePRACH design in supporting the 2-step RACH procedure.

2.2 PRACH in 4-Step RACH Procedure

The 4-step RACH proposal is illustrated in Figure 3. An example of PRACH in the TDD self-contained subframe transmission is provided in Figure 4.
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Figure 3. 4-step random access procedure
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Figure 4. PRACH in uplink centric subframe
Some design considerations of PRACH include:

· PRACH could be mapped into the uplink regular burst of the uplink centric subframe as shown in Figure 4. 

· PRACH could have different numerology from the nominal numerology.

· PRACH could be repeated over time for coverage requirements

· PRACH design might be unified across TDD and FDD

Proposal 2: Consider detailed PRACH design in supporting the 4-step RACH procedure.
3. Conclusion

The contribution has discussed PRACH design considerations for supporting the 4-step RACH and 2-step RACH procedures. In particular, the following proposals have been made:
Proposal 1: Consider ePRACH design in supporting the 2-step RACH procedure.

Proposal 2: Consider detailed PRACH design in supporting the 4-step RACH procedure.
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