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1. Introduction
This article discusses how to tackle the scenario where RACH resources may conflict with DL portions of semi-static DL/UL patterns. It proposes to update the number of CP samples of format 2. It then proposes some RACH configurations for FR2 unpaired spectrum.
2. Number of CP Samples in PRACH format 2
PRACH preamble format 2 is described in the following way in 38.211 [1]:


Table 6.3.3.1-1: PRACH preamble formats for  and 
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	

	

	Type A, Type B

	1
	839
	1.25 kHz
	

	

	Type A, Type B

	2
	839
	1.25 kHz
	

	

	Type A, Type B

	3
	839
	5 kHz
	

	

	Type A, Type B



These signals can be generated in several different ways. One simple option would be to use take the IFFT, interpolate the output of the IFFT to generate required number of samples for the symbol and cyclic prefix. The interpolation factor can be found from the ratio of number of samples (Nu) and FFT length. 
The number of samples for CP should be an integer multiple of the interpolation factor to generate cyclic prefix properly. 
Observation 1: The output of baseband IFFT needs to be interpolated by a factor of (Nu/(M *  * FFT length)) to generate the required number of samples for the symbol where M is the number of symbol repetitions for the format (e.g. M is equal to 1, 2, 4 and 4 for format 0, 1, 2 and 3 respectively).
Observation 2: To generate cyclic prefix properly, the number of CP samples should be an integer multiple of the interpolation factor mentioned in observation 1.
Table 2: Ratio of the required CP samples and interpolation factor for different PRACH preamble formats
	Format
	FFT length (FL)
	

	M
	

	Interpolation factor, IF = 
	Ratio of CP samples and interpolation factor  

	0
	2048
	

	1
	

	12
	264

	
	3072
	

	1
	

	8
	396

	1
	2048
	

	2
	

	12
	1752

	
	3072
	

	2
	

	8
	2628

	2
	2048
	

	4
	

	12
	390.67

	
	3072
	

	4
	

	8
	586

	3
	2048
	

	4
	

	3
	1056

	
	3072
	

	4
	

	2
	1584



Table 2 suggests that, if length 2048 FFT is used, the number of CP samples in format 2 does not remain an integer multiple of the FFT length. This leads to issues at the transmitters and receivers that intend to use 2K or 4K FFT, e.g.
Observation 3: In format 2, The ratio of CP samples and required interpolation factor is not an integer for length 2048 FFT.
Hence, we propose to change the number of CP samples of format 2 to , which would be an integer multiple of the interpolation factor for length 1K, 1.5K, 2K, 3K and 4K FFT. 
Observation 4: If number of CP samples is changed to  in format 2, the ratio of CP samples and interpolation factor remains an integer value for length 1K, 1.5K, 2K, 3K and 4K FFT.
Proposal 1: NR changes the number of CP samples of PRACH format 2 to .
	CHANGE START
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Table 6.3.3.1-1: PRACH preamble formats for  and 
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	

	

	Type A, Type B

	1
	839
	1.25 kHz
	

	

	Type A, Type B

	2
	839
	1.25 kHz
	

	4680
	Type A, Type B

	3
	839
	5 kHz
	

	

	Type A, Type B



	CHANGE END



3. Number of valid PRACH slots within a subframe
According to current agreement, for FR1, prach-ConfigIndex can indicate the number of valid RACH slots in a subframe to be 1 or 2. Similar agreement holds for FR2; where the number of valid 120 kHz RACH slots in a 60 kHz RACH slot is indicated in prach-ConfigIndex.
However, if the number of valid RACH slots is 2, spec does not clarify UE’s behaviour when the lower SCS is configured for Msg1 transmission. UE can either discard this PRACH configuration index or assume the number of valid RACH slots to be 1 whenever the lower SCS is configured. The latter is preferable because it allows network to spend all designed RACH configuration indices for all possible subcarrier combinations.
Proposal 2: NR supports UE to assume the number of PRACH slots within a subframe (60 kHz slot) to be 1 whenever Msg1 is configured with 15 kHz SCS (60 kHz SCS).

	CHANGE START



For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed:

-	 for PRACH preamble formats 0 – 3


-	for PRACH preamble formats A1, A2, A3, B1, B2, B3, B4, C0, C2 where  is the configured PRACH subcarrier spacing.
Irrespective of configured prach-ConfigIndex, UE assumes the number of PRACH slots within a subframe (60 kHz slot) to be 1 if Msg1 is configured with 15 kHz SCS (60 kHz SCS).
	CHANGE END



4. Additional Starting Symbol for Preamble Format A2
RAN1 made the following working assumption in the last meeting [2]:
	Agreements:
· For RACH configuration for FR2, short sequence and unpaired spectrum, support at most one additional Starting Symbol for each format, on top of the already agreed values of 0 and 2. The following values are as working assumption
· A1: 7
· A2: 9 
· A3: 7
· B1: 8
· B4: None
· A1/B1: 8
· A2/B2: 6
· A3/B3: none
· C0: 8
· C2: 8




The additional starting symbol for preamble format A2 was agreed to be 9 as a working assumption so that gNB can schedule an SSB in the first half of the slot and still contain some RACH occasions at the end of the slot. However, the current working assumption for FR2 already defines UE’s behavior if RACH occasion conflicts with SSB. Hence, in our opinion, the additional starting symbol can be changed to 5 and network can still configure SSB in the first half of the slot if it wants.
Note that, the additional starting symbol for format A2/B2 is 6. Hence, starting symbol 5 for format A2 holds the same principle.
Besides, there needs to be a DL/UL switching gap between DL and RACH occasions in a slot. Hence, increasing the number of consecutive RACH occasions in the slot will ultimately reduce the total DL/UL switching gap overhead that’s necessary to cover one full set of RACH occasions that allows mapping of all actually transmitted SSBs. That’s why, additional starting symbol of 5 is preferable to that of 9. 
Proposal 3: For FR2, RAN1 changes the additional starting symbol for preamble format A2 from 9 to 5.
5. Conflict resolution between RACH configuration and SSBs plus DL part

RAN1 made the following agreement during the last meeting [2]:
	R1-1803484	Summary of Remaining details on PRACH formats	Convida Wireless
Agreements:
· For the previous working assumption:
· If the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· UE assumes that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.
· For FR2, it is replaced with the following working assumption (no change of the previous working assumption regarding FR1)
· For the Semi-static UL/DL configuration in RMSI, only PRACH occasions within the UL part and X part are valid as long as it does not precede or collide with an SSB in the RACH slot
· UE is not expected to receive DL signals during any valid RACH occasion
· Note: In the UL/DL semi-static configuration, 0 UL slots and 0 UL symbols can be configured
· FFS how to handle the gap necessary in between SS/PBCH block or DL part and PRACH tx



The current working assumption for FR2, which deals the conflict between RACH config and SSB + DL, may lead to different number of valid RACH occasions in different RACH configuration periods. This would increase UE implementation complexity, especially because SSB to RACH mapping is supposed to repeat after N RACH configuration periods where N is the minimum of the set {1, 2, 4} that allows one full mapping of all actually transmitted SSBs according to current working assumption.
Hence, the working assumption should be modified to ensure that all PRACH configurations have the same number of valid RACH occasions. This can be ensured by declaring a RACH occasion to be valid if it is valid in all RACH configurations.
Observation 5: The current working assumption for FR2 may lead to different number of valid RACH occasions in different RACH configuration periods. This significantly increases UE implementation complexity because SSB to RACH mapping repeats after N RACH configuration periods where N is the minimum of the set {1, 2, 4} that allows one full mapping of all actually transmitted SSBs.


Proposal 4: 
The working assumption for FR2 is changed to the following:
· For the Semi-static UL/DL configuration in RMSI, a PRACH occasion in a RACH configuration period is valid only if it is within the UL part and/or X part in any RACH configuration period and if it does not precede or collide with an SSB in the RACH slot in any RACH configuration period.
· UE is not expected to receive DL signals during any valid RACH occasion
· Note: In the UL/DL semi-static configuration, 0 UL slots and 0 UL symbols can be configured
· FFS how to handle the gap necessary in between SS/PBCH block or DL part and PRACH tx
We also see that FR1 and FR2 uses different rules to handle collision between RACH and SSB + DL. This forces UE to apply two different rules while mapping SSB to RACH occasions in FR1 and FR2. This increases UE complexity. Hence, we propose the current working assumption for FR2 to be extended to FR1 as well.
Proposal 5:  NR applies the working assumption mentioned in proposal 4 to FR1 as well. 
The gap between SSB block or DL part and PRACH tx should, at least, include DL/UL switching gap. DL/UL switching gap should at least include the RTT that is encountered in the cell. Currently agreed PRACH formats include format C2 that can support one symbol long RTT. Hence, at least, one symbol gap is required between SSB and PRACH Tx. The authors of [3] have shown that network can support an RTT that is greater than one symbol with existing PRACH formats. Besides, for possible future NR deployments, e.g., in integrated access backhaul networks, higher RTT will be supported so that the base stations can communicate with each other. Hence, it is useful to maintain a two-symbol gap between SSB and PRACH transmission for future compatibility.
Observation 6: The gap between SSB block or DL part and PRACH tx should, at least, include DL/UL switching gap. DL/UL switching gap should at least include round trip time.
Observation 7: Currently agreed PRACH formats include format C2 that can support at least one symbol long RTT. Higher RTT can be supported during RACH reception through receiver implementation [6].
Observation 8: In possible future NR deployments, e.g., in integrated access backhaul networks, higher RTT will be supported so that the base stations can communicate with each other.
Proposal 6: NR supports two symbol gaps between SSB or DL part and PRACH transmission in all numerologies.

6. Proposals for PRACH configuration index for FR2
In the following tables, green entries denote already agreed parts. Yellow entries denote the open entries from working assumptions. White entries build upon the already agreed entries. Magenta entries propose to modify the existing working assumptions.

	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number (SCS=60kHz)
	Starting symbol
	Number of PRACH slots within a 60kHz slot
	Number of time domain PRACH occasions within a RACH slot
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	[image: ]
	
	
	
	

	0
	A1
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	6

	1
	A1
	1
	0
	4,9,14,19,24,29,34,39
	7
	1
	3

	2
	A1
	1
	0
	24,29,34,39
	0
	1
	6

	3
	A1
	1
	0
	24,29,34,39
	7
	1
	3

	4
	A1
	1
	0
	19,39 (proposal to not use slot 18 to avoid conflict with SSB)
	0
	2
	6

	5
	A1
	1
	0
	19,39
	7
	2
	3

	6
	A1
	1
	0
	0,1,2,…,39
	0
	1
	6

	7
	A1
	1
	0
	0,1,2,…,39
	7
	1
	3

	8
	A1
	1
	0
	23,27,31,35,39
	0
	1
	6

	9
	A1
	1
	0
	23,27,31,35,39
	7
	1
	3

	10
	A1
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6

	11
	A1
	1
	0
	3,7,11,15,19,23,27,31,35,39
	7
	1
	3

	12
	A1
	1
	0
	1,3,5,7,…,37,39
	0
	1
	6

	13
	A1
	1
	0
	7,15,23,31,39
	0
	1
	6

	14
	A1
	1
	0
	7,15,23,31,39
	7
	1
	3

	15
	A1
	16
	0
	4,9,14,19,24,29,34,39
	0
	1
	6

	16
	A1
	16
	1
	7,15,23,31,39
	0
	1
	6

	17
	A1
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	18
	A1
	8
	1
	7, 15, 23, 31, 39
	0
	1
	6

	19
	A1
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	20
	A1
	4
	1
	7,15,23,31,39
	0
	1
	6

	21
	A1
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	22
	A1
	2
	1
	7,15,23,31,39
	0
	1
	6

	23
	A1
	1
	0
	23,31,39
	0
	2
	6

	24
	A1
	1
	0
	1,3,5,7,…,37,39
	7
	 1
	3



	0
	A2
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	3

	1
	A2
	1
	0
	4,9,14,19,24,29,34,39
	5 (proposal to use starting symbol 5 instead of 9 for A2 to make it similar to the starting symbol of A2/B2 and increase the no. of consecutive RACH occasions)
	1
	2

	2
	A2
	1
	0
	24,29,34,39
	0
	1
	3

	3
	A2
	1
	0
	24,29,34,39
	5
	1
	2

	4
	A2
	1
	0
	19,39
	0
	2
	3

	5
	A2
	1
	0
	19,39
	5
	2
	2

	6
	A2
	1
	0
	0,1,2,…,39
	0
	1
	3

	7
	A2
	1
	0
	0,1,2,…,39
	5
	1
	2

	8
	A2
	1
	0
	23,27,31,35,39
	0
	1
	3

	9
	A2
	1
	0
	23,27,31,35,39
	5
	1
	2

	10
	A2
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	3

	11
	A2
	1
	0
	3,7,11,15,19,23,27,31,35,39
	5
	1
	2

	12
	A2
	1
	0
	1,3,5,7,…,37,39
	0
	1
	3

	13
	A2
	1
	0
	7,15,23,31,39
	0
	1
	3

	14
	A2
	1
	0
	7,15,23,31,39
	5
	1
	2

	15
	A2
	16
	0
	4,9,14,19,24,29,34,39
	0
	1
	3

	16
	A2
	16
	1
	7,15,23,31,39
	0
	1
	3

	17
	A2
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	3

	18
	A2
	8
	1
	7, 15, 23, 31, 39
	0
	1
	3

	19
	A2
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	3

	20
	A2
	4
	1
	7,15,23,31,39
	0
	1
	3

	21
	A2
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	3

	22
	A2
	2
	1
	7,15,23,31,39
	0
	1
	3

	23
	A2
	1
	0
	23,31,39
	0
	2
	3

	24
	A2
	1
	0
	1,3,5,7,…,37,39
	5
	 1
	2



	0
	A3
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	2

	1
	A3
	1
	0
	4,9,14,19,24,29,34,39
	7
	1
	1

	2
	A3
	1
	0
	24,29,34,39
	0
	2
	2

	3
	A3
	1
	0
	24,29,34,39
	7
	2
	1

	4
	A3
	1
	0
	19,39
	0
	2
	2

	5
	A3
	1
	0
	19,39
	7
	2
	3

	6
	A3
	1
	0
	0,1,2,…,39
	0
	1
	2

	7
	A3
	1
	0
	0,1,2,…,39
	7
	1
	1

	8
	A3
	1
	0
	23,27,31,35,39
	0
	1
	2

	9
	A3
	1
	0
	23,27,31,35,39
	7
	1
	1

	10
	A3
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	11
	A3
	1
	0
	3,7,11,15,19,23,27,31,35,39
	7
	1
	1

	12
	A3
	1
	0
	1,3,5,7,…,37,39
	0
	1
	2

	13
	A3
	1
	0
	7,15,23,31,39
	0
	1
	2

	14
	A3
	1
	0
	7,15,23,31,39
	7
	1
	1

	15
	A3
	16
	0
	4,9,14,19,24,29,34,39
	0
	1
	2

	16
	A3
	16
	1
	7,15,23,31,39
	0
	1
	2

	17
	A3
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	2

	18
	A3
	8
	1
	7, 15, 23, 31, 39
	0
	1
	2

	19
	A3
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	2

	20
	A3
	4
	1
	7,15,23,31,39
	0
	1
	2

	21
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	2

	22
	A3
	2
	1
	7,15,23,31,39
	0
	1
	2

	23
	A3
	1
	0
	23,31,39
	0
	2
	2

	24
	A3
	1
	0
	1,3,5,7,…,37,39
	7
	 1
	1



	0
	B1
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	6

	1
	B1
	1
	0
	4,9,14,19,24,29,34,39
	8
	1
	3

	2
	B1
	1
	0
	24,29,34,39
	0
	1
	6

	3
	B1
	1
	0
	24,29,34,39
	8
	1
	3

	4
	B1
	1
	0
	19,39
	0
	2
	6

	5
	B1
	1
	0
	19,39
	8
	2
	3

	6
	B1
	1
	0
	0,1,2,…,39
	0
	1
	6

	7
	B1
	1
	0
	0,1,2,…,39
	8
	1
	3

	8
	B1
	1
	0
	23,27,31,35,39
	0
	1
	6

	9
	B1
	1
	0
	23,27,31,35,39
	8
	1
	3

	10
	B1
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6

	11
	B1
	1
	0
	3,7,11,15,19,23,27,31,35,39
	8
	1
	3

	12
	B1
	1
	0
	1,3,5,7,…,37,39
	0
	1
	6

	13
	B1
	1
	0
	7,15,23,31,39
	0
	1
	6

	14
	B1
	1
	0
	7,15,23,31,39
	8
	1
	3

	15
	B1
	16
	0
	4,9,14,19,24,29,34,39
	0
	1
	6

	16
	B1
	16
	1
	7,15,23,31,39
	0
	1
	6

	17
	B1
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	18
	B1
	8
	1
	7, 15, 23, 31, 39
	0
	1
	6

	19
	B1
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	20
	B1
	4
	1
	7,15,23,31,39
	0
	1
	6

	21
	B1
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	22
	B1
	2
	1
	7,15,23,31,39
	0
	1
	6

	23
	B1
	1
	0
	23,31,39
	0
	1
	6

	24
	B1
	1
	0
	1,3,5,7,…,37,39
	8
	 1
	3



	0
	B4
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	1

	1
	B4
	1
	0
	4,9,14,19,24,29,34,39
	2
	1
	1

	2
	B4
	1
	0
	24,29,34,39
	0
	1
	1

	3
	B4
	1
	0
	24,29,34,39
	2
	1
	1

	4
	B4
	1
	0
	0,1,2,…,39
	0
	1
	1

	5
	B4
	1
	0
	0,1,2,…,39
	2
	1
	1

	6
	B4
	1
	0
	23,27,31,35,39
	0
	1
	1

	7
	B4
	1
	0
	23,27,31,35,39
	2
	1
	1

	8
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1

	9
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	2
	1
	1

	10
	B4
	1
	0
	1,3,5,7,…,37,39
	0
	1
	1

	11
	B4
	1
	0
	7,15,23,31,39
	0
	1
	1

	12
	B4
	1
	0
	7,15,23,31,39
	2
	1
	1

	13
	B4
	16
	0
	4,9,14,19,24,29,34,39
	0
	1
	1

	14
	B4
	16
	1
	7,15,23,31,39
	0
	1
	1

	15
	B4
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	1

	16
	B4
	8
	1
	7, 15, 23, 31, 39
	0
	1
	1

	17
	B4
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	1

	18
	B4
	4
	1
	7,15,23,31,39
	0
	1
	1

	19
	B4
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	1

	20
	B4
	2
	1
	7,15,23,31,39
	0
	1
	1

	21
	B4
	1
	0
	23,31,39
	0
	2
	1

	22
	B4
	1
	0
	1,3,5,7,…,37,39
	2
	 1
	1



	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60kHz slot
	Number of time domain PRACH occasions within a RACH slot

	
	
	 
	 
	
	
	
	

	0
	A1/B1
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	6

	1
	A1/B1
	1
	0
	4,9,14,19,24,29,34,39
	8
	1
	3

	2
	A1/B1
	1
	0
	24,29,34,39
	0
	1
	6

	3
	A1/B1
	1
	0
	24,29,34,39
	8
	1
	3

	4
	A1/B1
	1
	0
	19,39
	0
	2
	6

	5
	A1/B1
	1
	0
	19,39
	8
	2
	3

	6
	A1/B1
	1
	0
	0,1,2,…,39
	0
	1
	6

	7
	A1/B1
	1
	0
	0,1,2,…,39
	8
	1
	3

	8
	A1/B1
	1
	0
	23,27,31,35,39
	0
	1
	6

	9
	A1/B1
	1
	0
	23,27,31,35,39
	8
	1
	3

	10
	A1/B1
	1
	0
	7,15,23,31,39
	0
	1
	6

	11
	A1/B1
	1
	0
	7,15,23,31,39
	8
	1
	3

	12
	A1/B1
	16
	0
	4,9,14,19,24,29,34,39
	0
	1
	6

	13
	A1/B1
	16
	1
	7,15,23,31,39
	0
	1
	6

	14
	A1/B1
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	15
	A1/B1
	8
	1
	7, 15, 23, 31, 39
	0
	1
	6

	16
	A1/B1
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	17
	A1/B1
	4
	1
	7,15,23,31,39
	0
	1
	6

	18
	A1/B1
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	19
	A1/B1
	2
	1
	7,15,23,31,39
	0
	1
	6



	0
	A2/B2
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	3

	1
	A2/B2
	1
	0
	4,9,14,19,24,29,34,39
	6
	1
	2

	2
	A2/B2
	1
	0
	24,29,34,39
	0
	1
	3

	3
	A2/B2
	1
	0
	24,29,34,39
	6
	1
	2

	4
	A2/B2
	1
	0
	19,39
	0
	2
	3

	5
	A2/B2
	1
	0
	19,39
	6
	2
	2

	6
	A2/B2
	1
	0
	0,1,2,…,39
	0
	1
	3

	7
	A2/B2
	1
	0
	0,1,2,…,39
	6
	1
	2

	8
	A2/B2
	1
	0
	23,27,31,35,39
	0
	1
	3

	9
	A2/B2
	1
	0
	23,27,31,35,39
	6
	1
	2

	10
	A2/B2
	1
	0
	7,15,23,31,39
	0
	1
	3

	11
	A2/B2
	1
	0
	7,15,23,31,39
	6
	1
	2

	12
	A2/B2
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	3

	13
	A2/B2
	1
	0
	7,15,23,31,39
	0
	1
	3

	14
	A2/B2
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	3

	15
	A2/B2
	16
	0
	7, 15, 23, 31, 39
	0
	1
	3

	16
	A2/B2
	16
	1
	4,9,14,19,24,29,34,39
	0
	1
	3

	17
	A2/B2
	8
	1
	7,15,23,31,39
	0
	1
	3

	18
	A2/B2
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	3

	19
	A2/B2
	4
	1
	7,15,23,31,39
	0
	1
	3



	0
	A3/B3
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	2

	1
	A3/B3
	1
	0
	4,9,14,19,24,29,34,39
	2
	1
	2

	2
	A3/B3
	1
	0
	24,29,34,39
	0
	1
	2

	3
	A3/B3
	1
	0
	24,29,34,39
	2
	1
	2

	4
	A3/B3
	1
	0
	19,39
	0
	2
	2

	5
	A3/B3
	1
	0
	19,39
	2
	2
	2

	6
	A3/B3
	1
	0
	0,1,2,…,39
	0
	1
	2

	7
	A3/B3
	1
	0
	0,1,2,…,39
	2
	1
	2

	8
	A3/B3
	1
	0
	23,27,31,35,39
	0
	1
	2

	9
	A3/B3
	1
	0
	23,27,31,35,39
	2
	1
	2

	10
	A3/B3
	1
	0
	7,15,23,31,39
	0
	1
	2

	11
	A3/B3
	1
	0
	7,15,23,31,39
	2
	1
	2

	12
	A3/B3
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	2

	13
	A3/B3
	1
	0
	7,15,23,31,39
	0
	1
	2

	14
	A3/B3
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	2

	15
	A3/B3
	16
	0
	7, 15, 23, 31, 39
	0
	1
	2

	16
	A3/B3
	16
	1
	4,9,14,19,24,29,34,39
	0
	1
	2

	17
	A3/B3
	8
	1
	7,15,23,31,39
	0
	1
	2

	18
	A3/B3
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	2

	19
	A3/B3
	4
	1
	7,15,23,31,39
	0
	1
	2



	0
	C0
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	6

	1
	C0
	1
	0
	4,9,14,19,24,29,34,39
	8
	1
	3

	2
	C0
	1
	0
	24,29,34,39
	0
	1
	6

	3
	C0
	1
	0
	24,29,34,39
	8
	1
	3

	4
	C0
	1
	0
	19,39
	0
	2
	6

	5
	C0
	1
	0
	19,39
	8
	2
	3

	6
	C0
	1
	0
	0,1,2,…,39
	0
	1
	6

	7
	C0
	1
	0
	0,1,2,…,39
	8
	1
	3

	8
	C0
	1
	0
	23,27,31,35,39
	0
	1
	6

	9
	C0
	1
	0
	23,27,31,35,39
	8
	1
	3

	10
	C0
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	6

	11
	C0
	1
	0
	3,7,11,15,19,23,27,31,35,39
	8
	1
	3

	12
	C0
	1
	0
	1,3,5,7,…,37,39
	0
	1
	6

	13
	C0
	1
	0
	7,15,23,31,39
	0
	1
	6

	14
	C0
	1
	0
	7,15,23,31,39
	8
	1
	3

	15
	C0
	16
	0
	4,9,14,19,24,29,34,39
	0
	1
	6

	16
	C0
	16
	1
	7,15,23,31,39
	0
	1
	6

	17
	C0
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	18
	C0
	8
	1
	7, 15, 23, 31, 39
	0
	1
	6

	19
	C0
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	20
	C0
	4
	1
	7,15,23,31,39
	0
	1
	6

	21
	C0
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	6

	22
	C0
	2
	1
	7,15,23,31,39
	0
	1
	6

	23
	C0
	1
	0
	23,31,39
	0
	1
	6

	24
	C0
	1
	0
	1,3,5,7,…,37,39
	8
	 1
	3



	0
	C2
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	2

	1
	C2
	1
	0
	4,9,14,19,24,29,34,39
	8
	1
	1

	2
	C2
	1
	0
	24,29,34,39
	0
	2
	2

	3
	C2
	1
	0
	24,29,34,39
	8
	2
	1

	4
	C2
	1
	0
	19,39
	0
	2
	2

	5
	C2
	1
	0
	19,39
	8
	2
	3

	6
	C2
	1
	0
	0,1,2,…,39
	0
	1
	2

	7
	C2
	1
	0
	0,1,2,…,39
	8
	1
	1

	8
	C2
	1
	0
	23,27,31,35,39
	0
	1
	2

	9
	C2
	1
	0
	23,27,31,35,39
	8
	1
	1

	10
	C2
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	11
	C2
	1
	0
	3,7,11,15,19,23,27,31,35,39
	8
	1
	1

	12
	C2
	1
	0
	1,3,5,7,…,37,39
	0
	1
	2

	13
	C2
	1
	0
	7,15,23,31,39
	0
	1
	2

	14
	C2
	1
	0
	7,15,23,31,39
	8
	1
	1

	15
	C2
	16
	0
	4,9,14,19,24,29,34,39
	0
	1
	2

	16
	C2
	16
	1
	7,15,23,31,39
	0
	1
	2

	17
	C2
	8
	1
	4,9,14,19,24,29,34,39
	0
	1
	2

	18
	C2
	8
	1
	7, 15, 23, 31, 39
	0
	1
	2

	19
	C2
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	2

	20
	C2
	4
	1
	7,15,23,31,39
	0
	1
	2

	21
	C2
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	2

	22
	C2
	2
	1
	7,15,23,31,39
	0
	1
	2

	23
	C2
	1
	0
	23,31,39
	0
	2
	2

	24
	C2
	1
	0
	1,3,5,7,…,37,39
	8
	 1
	1







7. Conclusion
Observation 1: The output of baseband IFFT needs to be interpolated by a factor of (Nu/(M *  * FFT length)) to generate the required number of samples for the symbol where M is the number of symbol repetitions for the format (e.g. M is equal to 1, 2, 4 and 4 for format 0, 1, 2 and 3 respectively).
Observation 2: To generate cyclic prefix properly, the number of CP samples should be an integer multiple of the interpolation factor mentioned in observation 1.
Observation 3: In format 2, The ratio of CP samples and required interpolation factor is not an integer for length 2048 FFT.
Observation 4: If number of CP samples is changed to  in format 2, the ratio of CP samples and interpolation factor remains an integer value for length 1K, 1.5K, 2K, 3K and 4K FFT.
Observation 5: The current working assumption for FR2 may lead to different number of valid RACH occasions in different RACH configuration periods. This significantly increases UE implementation complexity because SSB to RACH mapping repeats after N RACH configuration periods where N is the minimum of the set {1, 2, 4} that allows one full mapping of all actually transmitted SSBs.
Observation 6: The gap between SSB block or DL part and PRACH tx should, at least, include DL/UL switching gap. DL/UL switching gap should at least include round trip time.
Observation 7: Currently agreed PRACH formats include format C2 that can support at least one symbol long RTT. Higher RTT can be supported during RACH reception through receiver implementation [6].
Observation 8: In possible future NR deployments, e.g., in integrated access backhaul networks, higher RTT will be supported so that the base stations can communicate with each other.

Proposal 1: NR changes the number of CP samples of PRACH format 2 to .
	CHANGE START





Table 6.3.3.1-1: PRACH preamble formats for  and 
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	

	

	Type A, Type B

	1
	839
	1.25 kHz
	

	

	Type A, Type B

	2
	839
	1.25 kHz
	

	
	Type A, Type B

	3
	839
	5 kHz
	

	

	Type A, Type B



	CHANGE END







Proposal 2: NR supports UE to assume the number of PRACH slots within a subframe (60 kHz slot) to be 1 whenever Msg1 is configured with 15 kHz SCS (60 kHz SCS).
	CHANGE START



For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed:

-	 for PRACH preamble formats 0 – 3


-	for PRACH preamble formats A1, A2, A3, B1, B2, B3, B4, C0, C2 where  is the configured PRACH subcarrier spacing.
Irrespective of configured prach-ConfigIndex, UE assumes the number of PRACH slots within a subframe (60 kHz slot) to be 1 if Msg1 is configured with 15 kHz SCS (60 kHz SCS).
	CHANGE END



Proposal 3: For FR2, RAN1 changes the additional starting symbol for preamble format A2 from 9 to 5.
Proposal 4: 
The working assumption for FR2 is changed to the following:
· For the Semi-static UL/DL configuration in RMSI, a PRACH occasion in a RACH configuration period is valid only if it is within the UL part and/or X part in any RACH configuration period and if it does not precede or collide with an SSB in the RACH slot in any RACH configuration period.
· UE is not expected to receive DL signals during any valid RACH occasion
· Note: In the UL/DL semi-static configuration, 0 UL slots and 0 UL symbols can be configured
· FFS how to handle the gap necessary in between SS/PBCH block or DL part and PRACH tx

Proposal 5:  NR applies the working assumption mentioned in proposal 4 to FR1 as well. 
Proposal 6: NR supports two symbol gaps between SSB or DL part and PRACH transmission in all numerologies
[bookmark: _GoBack]8. References
1. Table 6.3.3.1-1, 3GPP TS 38.211 V15.0.0, Physical channels and modulation (release 15).
2. Chairman’s Notes RAN1 92 final, 3GPP TSG WG RAN1 92.
3. R1-1702127, “NR PRACH design”, Ericsson.
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