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1. Introduction
In RAN1#86bis, RACH procedure and PRACH preamble related issues were discuss. From the discussion, several agreements were made as follows [1-3]: 
	Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB
Agreements:
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode

· Association between one or multiple occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE

· FFS: Signaling of  “non-association”

· Detailed design for RACH preamble should be further studied

· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources

· FFS: Tx beam selection for RACH preamble transmission
Agreements:
· NR supports multiple RACH preamble formats, including at least
· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length

· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)
· Multiple/repeated RACH preambles in a RACH resource is supported

· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels



In NR, both single-beam operation and multi-beam operation are considered for initial access procedure. For PRACH preamble design, common framework for single-beam and multi-beam operation also needs to be considered. Also, RAN1 made a consensus on the designing of RACH procedure with common framework irrespective of Tx/Rx reciprocity for multi-beam operation. In the aspect, we discuss designing of NR PRACH preamble for single-beam and multi-beam operation.

2. Discussion
In LTE, four types of PRACH preambles (i.e. Format 0 to 3) are defined to support wide range of coverage (up to 100km). Each format is composed by two types of OFDM symbol as follows:
· Format 0,1 : Cyclic Prefix + Sequence + Guard Period

· Format 2,3: Cyclic Prefix + Repetition of sequence + Guard Period

For format 0 and 1, OFDM symbol composed by cyclic prefix, sequence and guard period is used. One different point of the OFDM symbol for format 2 and 3 is that sequence is repeated within an OFDM symbol. All formats have same length of sequence (i.e. 24576 Ts), but the length of CP and GP is determined according to the PRACH preamble format. Similar with LTE PRACH preamble, above two types of OFDM symbol can be introduced to design NR RACH preamble. Following figure depicts an example of type of RACH preamble for NR.
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(a) Type 1: Single sequence within an OFDM symbol, and Multiple symbol
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(b) Type 2: Repeated Sequence within an OFDM symbol
Figure 1. Example of two types of RACH preamble for NR

Preamble Type 1 is composed by single or multiple OFDM symbol. On the other hand, Preamble Type 2 is composed by single OFDM symbol with multiple repeated sequences within an OFDM symbol. These two types of RACH preamble can be selectively used according to purpose and environment (e.g. coverage extension, beam sweeping, deployment scenario, etc.). 
In the following, we discuss how to use the RACH preamble according to single-beam and multi-beam operation. In table 1, example of RACH preamble usage case is summarized.

Table 1. Example of RACH preamble usage case according to single-beam and multi-beam operation
	
	Single-beam operation
	Multi-beam operation

	Type 1: Single
	· Short coverage
	· Full reciprocity at gNB and UE

	Type 1: Multiple
	· Coverage enhancement
	· Reciprocity at gNB, Not at UE

	Type 2
	· Long coverage
	· Reciprocity at UE, Not at gNB


For single-beam operation, two types of RACH preamble can be used for coverage enhancement and short/long coverage, similar with LTE PRACH preamble. Also, for multi-beam operation, two types of RACH preamble can be used according to beam reciprocity condition. 

In case of full reciprocity at both gNB and UE, beam alignments for transmission beam and reception beam can be assumed. For the case, UE can transmit single RACH preamble associated with DL transmission beam direction in multiple beam operation.

In case of reciprocity at gNB and not at UE, UE needs to beam sweep its UL transmission so that TRP receiver determine the best receiving direction from the UE and signals the best UL transmission beam of the UE. For UL beam sweeping, multiple OFDM symbol is required because channel characteristics would be changed according to beam changing. Therefore, type 1 RACH preamble with multiple OFDM symbol is preferable for UL beam sweeping support.

In case of reciprocity at UE and not at gNB, while UE is able to determine its uplink transmission beam direction based on DL signal measurement, TRP is not able to determine its uplink receiving beam based on the UE’s DL signal measurement. In order to TRP determine receiving beam direction with beam scanning, type 2 RACH preamble (i.e. repeated sequence within an OFDM symbol) is preferable for TRP Rx beam sweeping. 
Observation 1:  For both single-beam and multi-beam operation, two types of RACH preamble are used to support various type of coverage and single-beam/multi-beam operation.
· Preamble Type 1: Composed by single or multiple OFDM symbol. 

· Preamble Type 2: Composed by single OFDM symbol with multiple repeated sequences within an OFDM symbol.

Proposal 1: Study to design RACH preamble based on multiple/repeated OFDM symbol in order to support various type of coverage and single-beam/multi-beam operation.
3. Conclusion
In this contribution, we discussed designing of NR PRACH preamble for single-beam and multi-beam operation. From the discussion, we propose as follow:

Observation 1:  For both single-beam and multi-beam operation, two types of RACH preamble are used to support various type of coverage and single-beam/multi-beam operation.

· Preamble Type 1: Composed by single or multiple OFDM symbol. 

· Preamble Type 2: Composed by single OFDM symbol with multiple repeated sequences within an OFDM symbol.

Proposal 1: Study to design RACH preamble based on multiple/repeated OFDM symbol in order to support various type of coverage and single-beam/multi-beam operation.
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