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1. Introduction
There were some agreements on the PRACH formats so far in RAN1 as shown below [1-3].

	Agreements (in RAN1 NR Adhoc #2):
· For 15 kHz subcarrier spacing,
· Agree on following preamble formats A2, A3, B4
· Working assumption on following preamble formats A0, A1, B0, B1, B2, B3, C0, C1
	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	192
	4096
	96
	96 
	3.13 
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	0
	144
	4.69
	5300
	Normal cell

	
	1
	2
	1384
	4096
	0
	144
	4.69
	6000
	Normal cell


· Note 1: Unit is Ts, where Ts = 1/30.72MHz
· Note 2: PRACH preamble are aligned with OFDM symbol boundary for data with same numerology
· Note 3: Additional 16Ts for every 0.5ms should be included in TCP when RACH preamble is transmitted across 0.5ms boundary or from 0.5ms boundary
· Note 4: For format A, GP can be defined within the last RACH preamble among consecutively transmitted RACH preambles
· For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 
· Ts =1/(2*30720) ms for 30 kHz subcarrier spacing 
· Ts =1/(4*30720) ms for 60 kHz subcarrier spacing
· Ts =1/(8*30720) ms for 120 kHz subcarrier spacing
· Note that some of the formats may not be applicable to all subcarrier spacings


Agreements (in RAN1 #90):
· At least confirm the working assumption for preamble formats A1, B1, B2, B3
· Not define preamble format B0
· Change TCP value from 192 to 216 and TGP value from 96 to 72 for format B1
· Preamble formats for PRACH with short sequence length support preamble formats A0, C0 and C2 in addition to the agreed formats A1, A2, A3, B1, B2, B3 and B4

	Preamble format
	# of seq.
	TCP
	TSEQ
	TGP
	Path profile (Ts)
	Path profile (us)
	Max cell radius (m)
	Use case

	C0
	1
	1240
	2048
	1096
	144
	4.69
	5300  (660 in case of 120 kHz SCS)
	Normal cell

	C2
	4
	2048
	8192
	2916
	144
	4.69
	9200  (1160 in case of 120 kHz SCS))
	Normal cell


  
Agreements (in RAN1 #90):
· RACH preamble formats with L = 839 is not supported in over-6 GHz band, and is supported in below-6 GHz
· For short sequence (L = 127/139) based preamble formats, RACH transmission at over-6 GHz band
· supports 60 and 120 kHz subcarrier spacing, and 
· does not support 15 and 30 kHz subcarrier spacing
· For short sequence (L = 127/139) based preamble formats, RACH transmission at below-6 GHz band
· supports 15 and 30 kHz subcarrier spacing, and 
· does not support 60 and 120 kHz subcarrier spacing

Agreements (in RAN1 NR Adhoc #3):
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols

Working assumption (in RAN1 NR Adhoc #3):
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence



 
This contribution discusses remaining details on PRACH formats for short sequence.

2. PRACH format details
2.1 Resource allocation for PRACH
Table 1 summarizes the current agreement on PRACH format of L=139.
Table 1: PRACH format of L=139
	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	1
	2
	216
	4096
	72
	96 
	3.13 
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	1096
	144
	4.69
	5300
(660 in case of 120 kHz SCS)
	Normal cell

	
	2
	4
	2048
	8192
	2916
	144
	4.69
	9200
(1160 in case of 120 kHz SCS))
	Normal cell



And also there were some discussions on the PRACH configuration but many issues are still FFS as shown below.
Agreements 
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols

For the time interval or pattern for PRACH resource, LTE approach would be the starting point at least for the PRACH of L=839. However, if multi-beam case is concerned, at least for the PRACH of L=139, we need more study how the time interval or time pattern can be differentiated compared LTE approach.

Proposal 1: For interval/patterns of the slots containing PRACH resources
· LTE approach is the starting point for PRACH of L=839
· FFS for multi-beam scenario
 
For the PRACH format within a slot, there are two alternatives of PRACH reousrce configuration when multiple PRACH instances are configured within the slot. 
· Alt1: PRACH resources within a slot are consecutive
· Alt2: PRACH resources within a slot are not consecutive
For simple configuration and signaling overhead, Alt 1 is preferable. One possible argument for Alt2 is for providing non-slot level CORESET monitoring which may collide with PRACH resources. However, PRACH resources can be configured via RMSI and all UEs knows which slots and how many symbols inside the slots are configured for PRACH transmissions. Therefore, even though CORESET monitoring is configured for a UE, which is likely to be UE-spcecific configuration, the PRACH configuration is prioritized and UE can just skip CORESET monitoring. If the latency is really concerend, e.g., for URLLC, it is possible to allocated a single set of short configuous resources inside a slot and configure more slots in order to have sufficient CORESET monitoring apportunities. 

Proposal 2: For PRACH within each slot, Alt1 is supported
· RACH resources within a slot are consecutive

Even for PRACH format of L=139, there are many PRACH formats, e.g., A/B/C and 1/2/4/6/12. They have been chosen according to the repetition number and supportable cell ranges. From that perspective, it is straghtforward to configure just one PRACH format per cell. However, format A and format B are quite similar (same repetition number and similar coverage) and only the different is whether GP is zero or non-zero. Format A is beneficial from the perspetive of using the FFT block with the uplink data at the same time and format B is beneficial from the perspective of avoiding inter-symbol interfrence between PRACH and following channels. Therefore, we do not have to configure either format A or format B differently but we can just configure format A and format B as a package and define a rule how to locate format A or format B inside the configured PRACH resource. Obviously, it is desirable to locate the format B in the last PRACH instance and locate the format A in the other PRACH instances inside the configured PRACH resource. Figure 1 is showing one example how to locate the PRACH formats inside the configured PRACH resource.
[image: ]
Figure 1: Configuration of PRACH format A/B
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Proposal 3: One PRACH format is configured for a cell
· Format A and format B is considered as a package for the PRACH configuration: RMSI configures either format A/B or format C (if PRACH of L=139 is used)
· If format A/B is configured, the last PRACH uses the formats B and other PRACH uses format A inside a configured PRACH resource


2.2	PRACH sequence 
There have been sufficient discussions on necessities of PRACH capacity enhancement. For PRACH formats with L=839, which are same/similar to LTE PRACH, we do not have any capacity issues since they were already deployed in practice. Assuming that PRACH with L=839 will be used for below 6GHz carrier, we can expect that there is no capacity issue for below 6GHz scenario.
Then for above 6GHz carrier, only either 60 or 120 kHz subcarrier spacing will be used with short sequence PRACH (L=139/127). In [4], we provided sufficient arguments that capacity enhancement is not needed for short sequence PRACH with above 6GHz carrier like followings.
· PRACH can experience noise-limited situation by utilizing large number of antennas
· It is possible to flexibly configure multiple PRACH resource in frequency domain
· It is possible to flexibly configure multiple PRACH preambles in a PRACH resource
· It is possible to configure large number of cyclic shifts under the single root sequence. 

In those perspectives, we propose to confirm the previous working assumption that L=139 is adopted as the sequence length for the PRACH format using the short sequence.
Proposal 4: Confirm the WA
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

3. Conclusion
This contribution discusses the remaining details on PRACH preamble with the following proposals

Proposal 1: For interval/patterns of the slots containing PRACH resources
· LTE approach is the starting point for PRACH of L=839
· FFS for multi-beam scenario

Proposal 2: For PRACH within each slot, Alt1 is supported
· RACH resources within a slot are consecutive

Proposal 3: One PRACH format is configured for a cell
· Format A and format B is considered as a package for the PRACH configuration: RMSI configures either format A/B or format C (if PRACH of L=139 is used)
· If format A/B is configured, the last PRACH uses the formats B and other PRACH uses format A inside a configured PRACH resource

Proposal 4: Confirm the WA
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence
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