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1. 
Introduction
This contribution discusses the PRACH design to support 4-step RACH and simplified RACH procedures discussed on [1].
2. 
PRACH Design Considerations
The 4-step RACH and simplified (aka 2-step) RACH procedures are discussed in [1]. In 4-step RACH procedure, PRACH contains RACH preamble only. On the other hand, in the 2-step RACH procedure, PRACH contains RACH preamble and RACH message which carries UE-ID and buffer state report or scheduling request. In addition, RACH preamble can be used for both random access and RS for RACH message demodulation. In general, we can classify the PRACH into two types:
· PRACH contains RACH preamble only, and
· PRACH contains both RACH preamble and RACH message

2.1
2-Step RACH

The 2-step RACH procedure could be used when UE transitions from RRC-Connected Inactive state to RRC-Connected active or when UE is in handover in RRC-Connected state. In addition, the 2-step might be especially applicable for small cell deployments and shared spectrum deployments. Some high level design considerations of PRACH include:

· PRACH could be mapped into the uplink regular burst of the uplink centric slot. 
· PRACH subcarrier spacing and bandwidth should be properly selected for good link budget for RACH message.

· PRACH cyclic prefix should be dimensioned to support various requirements as well as maximum delay spread.

· RACH preambles should be designed to support high mobility scenarios especially in small cell deployments.

· PRACH design might be unified across TDD and FDD
LTE PRACH is transmitted over 1.08MHz bandwidth and its subcarrier spacing is 1.25kHz for RACH preamble formats 0-3. For a small cell deployments (e.g., less than 1.5km cell coverage), RACH preamble format 4 (with subcarrier spacing of 7.5kHz) can be used. PRACH symbol duration is 1-3ms or less than 1ms depending on preamble format. 
For small cell deployments in NR, we can design the PRACH to fit into uplink regular burst of the TDD uplink-centric slot. Naturally it can fit into the FDD uplink-centric slot in which there is no common downlink burst. Fitting PRACH into the uplink regular burst only could facilitate uplink common burst processing at the network. For PRACH in the 2-step RACH, in addition to RACH preamble, PRACH contains the RACH message. For harvesting the frequency diversity and channel coding gain for message decoding, it might be desirable to consider a PRACH transmission bandwidth higher than 1.08MHz.
Proposal 1: RAN1 considers PRACH bandwidth of 4.5MHz when supporting 2-step RACH procedure.

Note that the RACH preamble after being detected will be used as demodulation reference signal for channel estimation in demodulating RACH message. As the result, RACH preamble is time-multiplexed with RACH message. Furthermore, the duration of uplink regular burst is limited. Hence, the subcarrier spacing of the PRACH should be carefully selected such that ratio between preamble and message could be flexibly optimized. The possible design options could be summarized in Table 1.
Table 1: Possible PRACH numerology options for small cell deployments
	Slot duration

(us)
	Subcarrier spacing 

(kHz)
	Number of PRACH symbols
	Symbol duration 

(us)
	CP duration 

(us)
	Guard duration (us)
	Cell coverage

(km)

	250
	30
	4
	33.33
	2*NCP
	7.4
	1.1

	500
	15
	4
	66.67
	4*NCP
	14.8
	2.2

	
	7.5
	2
	133.33
	8*NCP
	14.8
	2.2

	Note: NCP = 4.73us is the normal CP for the reference subcarrier spacing 15kHz.


Figure 1 demonstrates the mapping of 2 symbols for PRACH at subcarrier spacing 7.5kHz into 500us uplink centric slot. 
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Figure 1. PRACH in TDD uplink-centric slot

Proposal 2: RAN1 considers PRACH numerology options in Table 1 when supporting 2-step RACH procedure.

2.2
4-Step RACH

The previous section discusses PRACH design for 2-step RACH in deployments with cell coverage up to 2km. The RACH preamble design in such 2-step RACH could be reused for PRACH in 4-step RACH for having the same cell coverage as the 2-step RACH. To support deployments of large cells up to 100km, new PRACH formats can be designed. The LTE-like PRACH formats might be considered.
Proposal 3: RAN1 considers PRACH (e.g., RACH preamble) numerology options in Table 1 when supporting 4-step RACH procedure.

Proposal 4: RAN1 considers additional PRACH formats to support large cell deployments in 4-step RACH procedure.

4. RACH Procedure Signalling

Network signals its RACH capability in system information e.g., minimum SIB:

· 2-step RACH only

· 4-step RACH only

· both 2-step and 4-step RACH

If UE and network support both 2-step and 4-step RACH, it might need additional mechanisms for the network to know which RACH procedure UE follows. 
· One option is to have different sets of RACH preambles for different procedures. By detecting the RACH preamble, the network would know whether UE follows 2-step RACH or 4-step RACH. If 2-step RACH is detected, network will decode RACH message. 

· Another option is that network will assign different subbands for different RACH procedures.

Proposal 5: Network can signal RACH capability in system information

Proposal 6:  RAN1 considers signaling mechanisms for RACH procedure selection when both 2-step and 4-step RACH procedures can be supported at the network and UE.

5. Conclusion

The contribution has discussed PRACH design considerations for supporting 2-step RACH procedures. In particular, the following proposals have been made:

Proposal 1: RAN1 considers PRACH bandwidth of 4.5MHz when supporting 2-step RACH procedure.

Proposal 2: RAN1 considers PRACH numerology options in Table 1 when supporting 2-step RACH procedure.

Proposal 3: RAN1 considers PRACH (e.g., RACH preamble) numerology options in Table 1 when supporting 4-step RACH procedure.

Proposal 4: RAN1 considers additional PRACH formats to support large cell deployments in 4-step RACH procedure.

Proposal 5: Network can signal RACH capability in system information

Proposal 6:  RAN1 considers signaling mechanisms for RACH procedure selection when both 2-step and 4-step RACH procedures can be supported at the network and UE.
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