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Background

Revision of R1-1721573
[bookmark: _Toc492918225]This document summarizes the submitted contribution for RAN1#91 for AI 7.1.4.1, "Remaining details on PRACH formats".
This is the final meeting before we shall close Rel15 (phase 1). So far we have made quite good progress but still some important issues need to be resolved. For this final meeting let us focus on the basic and essential issues to be able to finalize the PRACH format feature for R15. A rough agenda for this final meeting for Rel15 is given below:
· RACH resource configuration in the time domain
· General design principles for RACH configuration
· Configuration parameters (decide of which parameters that are included in the configuration table, the RRC parameters are then discussed in 7.1.4.2)
· Reaming details on preamble formats (needed to make the configuration table)
· Mapping of RACH resources within a slot
· Consecutive or non-consecutive
· Mapping rule if a RACH occasion collides with an SSB
· Mapping of RACH resources in the frequency domain (in 7.1.4.2??)
· Discussion and conclude RACH capacity enhancement in Rel 15

Agreements
Below follows the agreements made during the meeting.
Agreements:
· Using 9 bits in the RRC for the RACH configuration. 
· 8 bits to indicate the prach-ConfigIndex
· 1 bit to indicate prach-Msg1SubcarrierSpacing 
· Range of values: {15, 30} or {60, 120} kHz
· Note: For above 6GHz 1 bit is used to indicate the SCS for Msg1, for below 6GHz 1- bit to indicate the SCS for Msg1 (applicable for the short sequence, for the long sequence it is given by the format)
· Different tables for FDD and TDD
· No need to indicate sequence length
· prach-ConfigIndex: 
· Range of values: {0,1,..,255}
· prach-Msg1SubcarrierSpacing
· Range of values: 0, 1
· For below 6GHz the values indicate 15kHz or 30kHz
· For above 6GHz the values indicate 60kHz or 120kHz
Agreements:
· For format 2, introduce a configurable offset with a value chosen from [0,[6]] symbols based on 15kHz SCS
· No configurable offset for other formats based on long sequences
· prach-StartingSymbolIndex for short sequence
· Range of values: {0, 2}
· prach-EndSymbolIndex for short sequence
· Range of values: {[11], 13}
· (Working assumption) handling of the above 3 parameters is to be included in the configurable table instead of a separate configuration

Agreements:
· Configuration period:
· Range of values: {10, 20, 40, 80, 160} ms
· Note that handling of the above is to be included in the configurable table instead of a separate configuration

R1-1721509	Summary of PRACH Remaining details on PRACH formats	Convida Wireless
Agreements:
For PRACH preamble formats based on the short sequence length, NR supports the following formats: 
· For Rel15, format A0 is not supported for SCS = 15/30/60/120kHz
· Format A
· A1, A2, A3
· Note: for only format A case, consider leaving a blank symbol at the end of the RACH transmission
· Format B 
· B4, B1
· Format A in combination with format B
· A1/B1, A2/B2, A3/B3
· For format C
· C0 and C2
Note: Only one format is configured by the gNB
· Send LS to RAN4 to check format A1/A2/A3 for 120kHz and format C0 for 120kHz. [Intel] R1-1721561, revised in R1-1721622, which is approved by removing “B1” entry in the table, final LS is in R1-1721630

R1-1721573
Agreements:
· NR support consecutive mapping of RACH resources within a RACH slot

Agreements:
The PRACH configuration tables uses the following columns for the parameters with related parameter values
· PRACH Configuration number
· Values: 0-255
· Preamble Format
· Long sequence: 0-3
· Short sequence: A1, A2, A3, A1/B1, A2/B2, A3/B3, B1, B4, C0, C2
· Configuration period
· Values {1,2,4,8,16} (10ms*Nperiod)
· SFN mod Config. period
· For below 6GHz, subframe numbering is used 
· Granularity is 1ms, based on 15kHz SCS
· For short sequence length and SCS = 30kHz, the number of RACH slots in a subframe can be 1 or 2
· When there is only one RACH slot the second RACH slot is used
· For short sequence length and SCS = 15kHz, the number of RACH slots in a subframe is be 1
· RACH slot number is used for above 6GHz 
· 0.25ms granularity based on SCS = 60kHz 
· For the 120kHz SCS the number of RACH slots in 0.25ms can be 1 or 2 
· When there is only one RACH slot the second RACH slot is used
· For the 60kHz SCS the number of RACH slots in 0.25ms is 1
· Start symbol Index (in Msg1 SCS for short sequence and 15kHz for long sequence): 
· Values {0,2} for short sequence
· Values {0,6} for format 2
· Always be 0 for format 0,1,3
· FFS definition of the starting symbol for the unpaired spectrum 
· Number of time domain RACH occasions within a RACH slot
· For preamble format (working assumption), at least the following # of occasions:
· A1: 6
· A2: 3
· A3: 2
· B4: 1
· B1: 6 or 7
· C0: 4
· C2: 2
· A1/B1: 6 or 7
· A2/B2: 3
· A3/B3: 2
· The value is not applicable (N/A) for format 0-3

Companies are encouraged to the check PRACH configuration tables in R1-1721573, aim to endorse at least some of the entries this week

Proposal:
· Semi-static UL/DL configuration is in OSI 
· Symbol index for the unpaired spectrum is also physical symbol index
· FFS how to handle PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET 
Agreements:
· For long sequence with length 839, NR adopts the root Zadoff-Chu sequence order (logical to physical root mapping) as in LTE given by 36.211 Table 5.7.2-4
· For short sequence with length 139, NR adopts the root Zadoff-Chu sequence order (logical to physical root mapping) as in LTE given by 36.211 Table 5.7.2-5


Summary of Friday offline session

Discuss further offline 
i) if the semi-static DL/UL configuration is in OSI, one converged design option; 
ii) if the semi-static DL/UL configuration is in RMSI, one converged design option


Conclusion from off-line summary:
If the semi-static DL/UL configuration is in OSI, one converged design option; 

[bookmark: _GoBack]Solution 1: If, the Semi-static UL/DL configuration is in OSI, only PRACH transmission slot colliding with actual transmitted SS/PBCH blocks are dropped. 
· gNB drops other DL transmissions if it configures a PRACH transmission in the slot
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.


Supporting company:  Huawei, HiSilicon, CMCC

Solution 2: If, the Semi-static UL/DL configuration is in OSI
· Symbol index for the unpaired spectrum is also physical symbol index
· UE assume that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol larger than 2 for a limited number of entries in the Configuration table.
Supporting company: Samsung, MediaTek, Intel, Motorola, Lenovo, 


If the semi-static DL/UL configuration is in RMSI, one converged design option

Solution 3: If, the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· Alt1: gNB should always configure total UL duration within a predetermined time period long enough to ensure there is sufficient number of RACH occasion within the UL part to map all actually transmitted SSBs within the RACH configuration period
· Alt2: gNB should always configure total UL duration within a predetermined time period long enough to ensure there is sufficient number of RACH occasion within the UL part to map all actually transmitted SSBs within a predetermined time period
· Alt3: UE assume that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol larger than 2 for a limited number of entries in the Configuration table.


Alt1: Huawei, HiSilicon, Docomo, Fujitsu
Alt2: Huawei, HiSilicon,Docomo, CMCC, Fujitsu
Alt3: CMCC, Samsung, Intel, Mediatek, Motorola, Lenovo, ZTE, Saneships








Final discussion on: How to handle PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET

Use the following as starting point:

[image: ]

Editors comment:
gNB could use RACH configuration as above, but then in the second frame the gNB shall not schedule any DL
Alternatively, gNB could use a RACH configuration that have no RACH resources in the first 5ms of the configuration period. 

Offline agreement 
· Introducing start symbol larger than 2 for a limited number of entries in the Configuration table.

Offline discussion:


OSI: periodical


Solution 1: If, the Semi-static UL/DL configuration is in OSI, only PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET are dropped. 
· gNB drops other DL transmissions if it configures a PRACH transmission in the slot


Solution 2: If, the Semi-static UL/DL configuration is in OSI
· Symbol index for the unpaired spectrum is also physical symbol index

Solution 3: If, the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· Alt1: gNB should always configure total UL duration within a predetermined time period long enough to ensure there is sufficient number of RACH occasion within the UL part to map all actually transmitted SSBs within the RACH configuration period
· Alt2: gNB should always configure total UL duration within a predetermined time period long enough to ensure there is sufficient number of RACH occasion within the UL part to map all actually transmitted SSBs within a predetermined time period

How to handle PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET
Proposal:
Select among the following alternatives:
· If the semi-static DL/UL configuration is not indicated via RMSI
· Alt1: If RACH slot is overlapped with SS blocks, then all RACH occasion in the RACH slot is not valid. It is up to gNB implementation to avoid the conflict between PRACH resource and semi-static DL/UL configuration. 
· Alt2: UE assume that RACH occasions configured in RMSI are not collided with DL transmission

Summary of Thursday evening offline session

Offline agreements
For long sequence:
· At least for FDD table, for format 0 and 1 and configuration period 10/20ms only select from LTE table
· Adding entries for Configuration period of 80ms and160ms
For short sequence, below 6GHz
· Strive to follow the subframe number as used for the long sequence in order to provide RACH configurations with the same density as for the long sequences

Offline offline proposal:
· At least for FDD table, format 3 can use the same configuration with format 0 as the same format length.
· Format 2 is provided in table 3 below
· Editors suggestion: set table for Format 3 as agreement and the table for Format 2 as working assumption

Tables provided below:
Table 1: RACH configuration table for below 6GHz (format 0 and 1)

	PRACH Config. Index
	Preamble Format
	Config. Period 
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	0
	0
	2
	1
	1
	N/A
	N/A
	N/A

	1
	0
	2
	4
	1
	N/A
	N/A
	N/A

	2
	0
	2
	7
	1
	N/A
	N/A
	N/A

	3
	0
	1
	1
	0
	N/A
	N/A
	N/A

	4
	0
	1
	4
	0
	N/A
	N/A
	N/A

	5
	0
	1
	7
	0
	N/A
	N/A
	N/A

	6
	0
	1
	1,6
	0
	N/A
	N/A
	N/A

	7
	0
	1
	2,7
	0
	N/A
	N/A
	N/A

	8
	0
	1
	3,8
	0
	N/A
	N/A
	N/A

	9
	0
	1
	1,4,7
	0
	N/A
	N/A
	N/A

	10
	0
	1
	2,5,8
	0
	N/A
	N/A
	N/A

	11
	0
	1
	3, 6, 9
	0
	N/A
	N/A
	N/A

	12
	0
	1
	0,2,4,6,8
	0
	N/A
	N/A
	N/A

	13
	0
	1
	1,3,5,7,9
	0
	N/A
	N/A
	N/A

	14
	0
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	N/A
	N/A
	N/A

	15
	0
	2
	9
	1
	N/A
	N/A
	N/A

	16
	1
	2
	1
	1
	N/A
	N/A
	N/A

	17
	1
	2
	4
	1
	N/A
	N/A
	N/A

	18
	1
	2
	7
	1
	N/A
	N/A
	N/A

	19
	1
	1
	1
	0
	N/A
	N/A
	N/A

	20
	1
	1
	4
	0
	N/A
	N/A
	N/A

	21
	1
	1
	7
	0
	N/A
	N/A
	N/A

	22
	1
	1
	1,6
	0
	N/A
	N/A
	N/A

	23
	1
	1
	2,7
	0
	N/A
	N/A
	N/A

	24
	1
	1
	3,8
	0
	N/A
	N/A
	N/A

	25
	1
	1
	1,4,7
	0
	N/A
	N/A
	N/A

	26
	1
	1
	2,5,8
	0
	N/A
	N/A
	N/A

	27
	1
	1
	3,6,9
	0
	N/A
	N/A
	N/A

	28
	1
	2
	9
	1
	N/A
	N/A
	N/A




Table 2: RACH configuration table for below 6GHz (Format 3)

	PRACH Config. Index
	Preamble Format
	Config. Period 
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	X
	3
	2
	1
	1
	N/A
	N/A
	N/A

	X+1
	3
	2
	4
	1
	N/A
	N/A
	N/A

	X+2
	3
	2
	7
	1
	N/A
	N/A
	N/A

	X+3
	3
	1
	1
	0
	N/A
	N/A
	N/A

	X+4
	3
	1
	4
	0
	N/A
	N/A
	N/A

	X+5
	3
	1
	7
	0
	N/A
	N/A
	N/A

	X+6
	3
	1
	1,6
	0
	N/A
	N/A
	N/A

	X+7
	3
	1
	2,7
	0
	N/A
	N/A
	N/A

	X+8
	3
	1
	3,8
	0
	N/A
	N/A
	N/A

	X+9
	3
	1
	1,4,7
	0
	N/A
	N/A
	N/A

	X+10
	3
	1
	2,5,8
	0
	N/A
	N/A
	N/A

	X+11
	3
	1
	3, 6, 9
	0
	N/A
	N/A
	N/A

	X+12
	3
	1
	0,2,4,6,8
	0
	N/A
	N/A
	N/A

	X+13
	3
	1
	1,3,5,7,9
	0
	N/A
	N/A
	N/A

	X+14
	3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	N/A
	N/A
	N/A

	X+15
	3
	2
	9
	1
	N/A
	N/A
	N/A



Table 3: RACH configuration table for below 6GHz (Format 2)

	PRACH Config. Index
	Preamble Format
	Config. period
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	Y
	3
	4
	5
	0
	6
	N/A
	N/A

	Y+1
	3
	2
	1
	0
	6
	N/A
	N/A

	Y+2
	3
	2
	2
	0
	6
	N/A
	N/A

	Y+3
	3
	2
	4
	0
	6
	N/A
	N/A

	Y+4
	3
	1
	1
	0
	6
	N/A
	N/A

	Y+5
	3
	1
	2
	0
	6
	N/A
	N/A

	Y+6
	3
	1
	4
	0
	6
	N/A
	N/A

	Y+7
	3
	1
	1,6
	0
	6
	N/A
	N/A




Offline agreement 
· Introducing start symbol larger than 2 for a limited number of entries in the Configuration table.

Offline discussion:


Solution 1: If, the Semi-static UL/DL configuration is in OSI, only PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET are dropped. 
· gNB drops other DL transmissions if it configures a PRACH transmission in the slot


Solution 2: If, the Semi-static UL/DL configuration is in OSI
· Symbol index for the unpaired spectrum is also physical symbol index

Solution 3: If, the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· Alt1: gNB should always configure total UL duration within a predetermined time period long enough to ensure there is sufficient number of RACH occasion within the UL part to map all actually transmitted SSBs within the RACH configuration period
· Alt2: gNB should always configure total UL duration within a predetermined time period long enough to ensure there is sufficient number of RACH occasion within the UL part to map all actually transmitted SSBs within a predetermined time period

How to handle PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET

Proposal:
Select among the following alternatives:
· If the semi-static DL/UL configuration is not indicated via RMSI
· Alt1: If RACH slot is overlapped with SS blocks, then all RACH occasion in the RACH slot is not valid. It is up to gNB implementation to avoid the conflict between PRACH resource and semi-static DL/UL configuration. 
· Alt2: UE assume that RACH occasions configured in RMSI are not collided with DL transmission 


Remaining issues to be discussed Thursday evening

Offline agreements
For long sequence:
· At least for FDD table, for format 0 and 1 and configuration period 10/20ms only select from LTE table
· Adding entries for 80/160ms
For short sequence, below 6GHz
· Strive to follow the subframe number as for the long sequence 

Companies are encouraged to the check PRACH configuration tables in R1-1721573, aim to endorse at least some of the entries this week

Proposal from Thursday afternoon online session:
· Semi-static UL/DL configuration is in OSI 
· Symbol index for the unpaired spectrum is also physical symbol index
· FFS how to handle PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET

Offline discussion:


If, the Semi-static UL/DL configuration is in OSI, only PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET are dropped. 
· gNB drops other DL transmissions if it configures a PRACH transmission in the slot


If, the Semi-static UL/DL configuration is in OSI
· Symbol index for the unpaired spectrum is also physical symbol index
· Introducing start symbol larger than 2 for a limited number of entries in the Configuration table

If, the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· Alt1: gNB should always configure total UL duration within a predetermined time period long enough to ensure there is sufficient number of RACH occasion within the UL part to map all actually transmitted SSBs within the RACH configuration period
· Alt2: gNB should always configure total UL duration within a predetermined time period long enough to ensure there is sufficient number of RACH occasion within the UL part to map all actually transmitted SSBs within a predetermined time period

How to handle PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET
Offline agreement 
· Introducing start symbol larger than 2 for a limited number of entries in the Configuration table.

Proposal:
Select among the following alternatives:
· If the semi-static DL/UL configuration is not indicated via RMSI
· Alt1: If RACH slot is overlapped with SS blocks or RMSI CORESET, then all RACH occasion in the RACH slot is not valid. It is up to gNB implementation to avoid the conflict between PRACH resource and semi-static DL/UL configuration. 
· Alt2: UE assume that RACH occasions configured in RMSI are not collided with DL transmission 
· Alt3: The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.
· Alt4: If an actually transmitted SSB falls in the first half of the slot, UE assumes that all RACH resources in the first half of the slot are not valid but RACH resources in the 2nd half of the slot are valid. If an actually transmitted SSB falls in the second half of the slot, UE assumes that all RACH resources within the slot are not valid.




Collected offline comments:
For long sequence, seems basically ok.
· Adding entries for 80/160ms 
· Strive to have less than 33% of 256 entries
· Select some entries from LTE (for 10/20ms Configuration period)
· At least for FDD table, for format 0 and 1 and configuration period 10/20ms only select from LTE table
For short sequence, below 6GHz:
· Only use start symbol = 2 to reduce the number of entries Add rows having 3 subframes
· Only one row using 2 RACH occasions in a RACH slot, in the case of all subframes are used

For long sequence, above 6GHz:
· Have balance between starting symbol 0 and 2
· Rows indicating 5 subframes

Editors suggestion:
For below 6GHz,
· Focus on long sequence
· Adding entries in the case of more than 1 frame is used for RACH Config. peridod > 10ms
· 
· Focus on format A1 for short sequence
· Other formats

For above 6GHz,
· Focus on format B4 
· Focus on format A2
· Other formats




 
Alt 1: Semi-static UL/DL configuration is in RMSI, only PRACH occasion within the UL part is transmitted. 
· gNB should always configure UL duration long enough to ensure there is at least one RACH occasion within the UL part.



Alt 2: Semi-static UL/DL configuration is in RMSI, PRACH occasions in DL part indicated in the configuration,  and PRACH occasions colliding with actual transmitted SS/PBCH blocks and RMSI CORESETs (if not in the DL part in the configuration) are dropped. 
· gNB drops other DL transmissions in the unknown part  if it configures a PRACH transmission in the slot



Alt 3: Semi-static UL/DL configuration is in OSI, only PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET are dropped. 
· gNB drops other DL transmissions if it configures a PRACH transmission in the slot


If time permits:
· Support for frequency hopping (if number of FDMed RACH transmissions occasions > 1), proposed by Huawei
· No support
· Support


Summary of Thursday morning offline session

Key issue 7: PRACH configuration tables
Now we need to make the detailed design of the configuration tables, based on the agreements we will have the following columns in the tables

Editors note regarding subframe vs RACH slot number:
Using subframe indication over a 10ms period:
For 15/30kHz we will have the following possible locations of RACH resources
[image: ]
For above 6GHz, using slot numbering, with the lowest SCS as reference (60kHz)
For 60/120kHz we get the following possible locations:
[image: ]

Offline agreements:
· NR support consecutive mapping of RACH resources within a slot

The PRACH configuration tables uses the following columns for the parameters with related parameter values
· PRACH Configuration number
· Values: 0-255
· Preamble Format
· Long sequence: 0-3
· Short sequence: A0, A1, A2, A3, A1/B1, A2/B2, A3/B3, B4, C0, C2
· Configuration period
· Values {1,2,4,8,16} (10ms*Nperiod)
· For below 6GHz, subframe numbering is used 
· Granularity is 1ms, based on 15kHz SCS
· For short sequence length and SCS = 30kHz, the number of RACH slots in a subframe can be 1 or 2
· When there is only one RACH slot the second RACH slot is used
· For short sequence length and SCS = 15kHz, the number of RACH slots in a subframe is be 1
· RACH slot number is used for above 6GHz 
· 0.25ms granularity based on SCS = 60kHz 
· For the 120kHz SCS the number of RACH slots in 0.25ms can be 1 or 2 
· When there is only one RACH slot the second RACH slot is used
· For the 60kHz SCS the number of RACH slots in 0.25ms is 1
· Start symbol Index (in Msg1 SCS for short sequence and 15kHz for long sequence): 
· Values {0,2} for short sequence
· Values {0,6} for format 2
· Will always be 0 for format 0,1,3
· Number of time domain RACH occasions within a RACH slot, considering end symbol can be 11 and 13
· For preamble format:
· A1: 6
· A2: 3
· A3: 2
· B4: 1
· B1: 2
· C0: 6
· C2: 2
· A1/B1: 6
· A2/B2: 3
· A3/B3: 2
· The value is not applicable (N/A) for format 0-3
· Two configuration tables (with limited set of configurations), one for below 6GHz and one for above 6GHz using the above proposed columns:


Table 1: RACH configuration table for below 6GHz

	PRACH Config. Index
	Preamble Format
	Config. period
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	0
	0
	4
	5
	0
	N/A
	N/A
	N/A

	1
	0
	2
	1
	0
	N/A
	N/A
	N/A

	2
	0
	2
	2
	0
	N/A
	N/A
	N/A

	3
	0
	2
	4
	0
	N/A
	N/A
	N/A

	4
	0
	1
	1
	0
	N/A
	N/A
	N/A

	5
	0
	1
	2
	0
	N/A
	N/A
	N/A

	6
	0
	1
	4
	0
	N/A
	N/A
	N/A

	7
	0
	1
	1,6
	0
	N/A
	N/A
	N/A

	8
	0
	1
	2,7
	0
	N/A
	N/A
	N/A

	9
	0
	1
	4,9
	0
	N/A
	N/A
	N/A

	10
	0
	1
	1,4,7
	0
	N/A
	N/A
	N/A

	11
	0
	1
	2,5,8
	0
	N/A
	N/A
	N/A

	12
	0
	1
	0,2,4,6,8
	0
	N/A
	N/A
	N/A

	13
	0
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	N/A
	N/A
	N/A

	14
	1
	4
	5
	0, 2
	N/A
	N/A
	N/A

	15
	1
	2
	1
	0
	N/A
	N/A
	N/A

	16
	1
	2
	2
	0
	N/A
	N/A
	N/A

	17
	1
	2
	4
	0
	N/A
	N/A
	N/A

	18
	1
	1
	1
	0
	N/A
	N/A
	N/A

	19
	1
	1
	2
	0
	N/A
	N/A
	N/A

	20
	1
	1
	4
	0
	N/A
	N/A
	N/A

	21
	1
	1
	1,6
	0
	N/A
	N/A
	N/A

	22
	1
	1
	2,7
	0
	N/A
	N/A
	N/A

	23
	1
	1
	4,9
	0
	N/A
	N/A
	N/A

	24
	1
	1
	1,4,7
	0
	N/A
	N/A
	N/A

	25
	1
	1
	2,5,8
	0
	N/A
	N/A
	N/A

	26
	2
	4
	5
	0
	N/A
	N/A
	N/A

	27
	2
	2
	1
	0
	N/A
	N/A
	N/A

	28
	2
	2
	2
	0,1
	N/A
	N/A
	N/A

	29
	2
	2
	4
	0
	N/A
	N/A
	N/A

	30
	2
	1
	1
	0
	N/A
	N/A
	N/A

	31
	2
	1
	2
	0
	N/A
	N/A
	N/A

	32
	2
	1
	4
	0
	N/A
	N/A
	N/A

	33
	2
	1
	1,6
	0
	N/A
	N/A
	N/A

	34
	3
	4
	5
	0
	N/A
	N/A
	N/A

	35
	3
	2
	1
	0
	N/A
	N/A
	N/A

	36
	3
	2
	2
	0
	N/A
	N/A
	N/A

	37
	3
	2
	4
	0
	N/A
	N/A
	N/A

	38
	3
	1
	1
	0
	N/A
	N/A
	N/A

	39
	3
	1
	2
	0
	N/A
	N/A
	N/A

	40
	3
	1
	4
	0
	N/A
	N/A
	N/A

	41
	3
	1
	1,6
	0
	N/A
	N/A
	N/A

	42
	3
	1
	2,7
	0
	N/A
	N/A
	N/A

	43
	3
	1
	4,9
	0
	N/A
	N/A
	N/A

	44
	3
	1
	1,4,7
	0
	N/A
	N/A
	N/A

	45
	3
	1
	2,5,8
	0
	N/A
	N/A
	N/A

	46
	3
	1
	0,2,4,6,8
	0
	N/A
	N/A
	N/A

	47
	3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	N/A
	N/A
	N/A

	48
	A1
	16
	5, 7
	0
	2
	1
	6

	49
	A1
	8
	5
	0
	2
	1
	6

	50
	A1
	4
	5
	0
	2
	1
	6

	51
	A1
	2
	1
	0
	2
	1
	6

	52
	A1
	2
	2
	0
	2
	1
	6

	53
	A1
	2
	4
	0
	2
	1
	6

	54
	A1
	1
	1
	0
	2
	1
	6

	55
	A1
	1
	2
	0
	0
	1
	6

	56
	A1
	1
	4
	0
	2
	1
	6

	57
	A1
	1
	1,6
	0
	0
	1
	6

	58
	A1
	1
	2,7
	0
	2
	1
	6

	59
	A1
	1
	4,9
	0
	0
	1
	6

	60
	A1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	6

	61
	A2
	16
	5
	0
	0
	1
	4

	62
	A2
	8
	5
	0
	2
	2
	4

	63
	A2
	4
	5
	0
	0
	1
	4

	64
	A2
	2
	1
	0
	2
	2
	4

	65
	A2
	2
	2
	0
	0
	1
	4

	66
	A2
	2
	4
	0
	2
	2
	4

	67
	A2
	1
	1
	0
	0
	1
	4

	68
	A2
	1
	2
	0
	2
	2
	4

	69
	A2
	1
	4
	0
	0
	1
	4

	70
	A2
	1
	1,6
	0
	2
	2
	4

	71
	A2
	1
	2,7
	0
	0
	1
	4

	72
	A2
	1
	4,9
	0
	2
	2
	4

	73
	A2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	0
	1
	4

	74
	A3
	16
	5
	
	2
	2
	2

	75
	A3
	8
	5
	
	0
	1
	2

	76
	A3
	4
	5
	
	2
	2
	2

	77
	A3
	2
	1
	
	0
	1
	2

	78
	A3
	2
	2
	
	2
	2
	2

	79
	A3
	2
	4
	
	0
	1
	2

	80
	A3
	1
	1
	0
	2
	2
	2

	81
	A3
	1
	2
	0
	0
	1
	2

	82
	A3
	1
	4
	0
	2
	2
	2

	83
	A3
	1
	1,6
	0
	0
	1
	2

	84
	A3
	1
	2,7
	0
	2
	2
	2

	85
	A3
	1
	4,9
	0
	0
	1
	2

	86
	A3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	2

	87
	B1
	16
	5
	0
	0
	1
	6

	88
	B1
	8
	5
	0
	0
	2
	6

	89
	B1
	4
	5
	0
	2
	1
	6

	90
	B1
	2
	1
	0
	2
	2
	6

	91
	B1
	2
	2
	0
	2
	1
	6

	92
	B1
	2
	4
	0
	2
	2
	6

	93
	B1
	1
	1
	0
	2
	1
	6

	94
	B1
	1
	2
	0
	2
	2
	6

	95
	B1
	1
	4
	0
	2
	1
	6

	96
	B1
	1
	1,6
	0
	2
	2
	6

	97
	B1
	1
	2,7
	0
	2
	1
	6

	98
	B1
	1
	4,9
	0
	2
	2
	6

	99
	B1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	100
	B4
	16
	5
	0
	2
	2
	1

	101
	B4
	8
	5
	0
	2
	1
	1

	102
	B4
	8
	5
	0
	2
	2
	1

	103
	B4
	4
	5
	0
	2
	1
	1

	104
	B4
	2
	4
	0
	2
	2
	1

	105
	B4
	1
	1
	0
	2
	1
	1

	106
	B4
	1
	2
	0
	2
	2
	1

	107
	B4
	1
	4
	0
	2
	1
	1

	108
	B4
	1
	2,7
	0
	2
	2
	1

	109
	B4
	1
	1,4,7
	0
	2
	1
	1

	110
	B4
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	1

	111
	C0
	16
	5
	0
	2
	1
	6

	112
	C0
	8
	5
	0
	2
	2
	6

	113
	C0
	4
	5
	0
	2
	1
	6

	114
	C0
	2
	1
	0
	2
	2
	6

	115
	C0
	2
	2
	0
	2
	1
	6

	116
	C0
	2
	4
	0,2
	2
	1
	6

	117
	C0
	1
	1
	0
	2
	1
	6

	118
	C0
	1
	2
	0
	2
	1
	6

	119
	C0
	1
	4
	0
	2
	1
	6

	120
	C0
	1
	1,6
	0
	2
	1
	6

	121
	C0
	1
	2,7
	0
	2
	1
	6

	122
	C0
	1
	4,9
	0
	2
	1
	6

	123
	C0
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	124
	C2
	16
	5
	0
	2
	1
	2

	125
	C2
	8
	5
	0
	2
	2
	2

	126
	C2
	4
	5
	0
	2
	1
	2

	127
	C2
	2
	1
	0
	2
	1
	2

	128
	C2
	2
	2
	
	
	
	

	129
	C2
	2
	4
	0
	2
	1
	6

	130
	C2
	1
	1
	0
	2
	1
	2

	131
	C2
	1
	2
	0
	2
	2
	2

	132
	C2
	1
	4
	0
	2
	1
	2

	133
	C2
	1
	1,6
	0
	2
	1
	2

	134
	C2
	1
	2,7
	0
	2
	1
	6

	135
	C2
	1
	4,9
	0
	2
	1
	2

	136
	C2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	2

	137
	A1/B1
	16
	5
	0
	2
	1
	2

	138
	A1/B1
	8
	5
	0
	2
	1
	2

	139
	A1/B1
	4
	5
	0
	2
	1
	6

	140
	A1/B1
	2
	1
	0
	2
	1
	2

	141
	A1/B1
	2
	2
	0
	2
	2
	2

	142
	A1/B1
	2
	4
	0
	2
	1
	2

	143
	A1/B1
	1
	1
	0
	2
	1
	2

	144
	A1/B1
	1
	2
	0
	2
	1
	6

	145
	A1/B1
	1
	4
	0
	2
	1
	2

	146
	A1/B1
	1
	1,6
	0
	2
	2
	2

	147
	A1/B1
	1
	2,7
	0
	2
	1
	2

	148
	A1/B1
	1
	4,9
	0
	2
	1
	2

	149
	A1/B1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	150
	A2/B2
	16
	5
	0
	2
	1
	2

	151
	A2/B2
	8
	5
	0
	2
	2
	2

	152
	A2/B2
	4
	5
	0
	2
	1
	2

	153
	A2/B2
	2
	1
	0
	2
	1
	2

	154
	A2/B2
	2
	2
	0
	2
	1
	6

	155
	A2/B2
	2
	4
	0
	2
	1
	2

	156
	A2/B2
	1
	1
	0
	2
	2
	2

	157
	A2/B2
	1
	2
	0
	2
	1
	2

	158
	A2/B2
	1
	4
	0
	2
	1
	2

	159
	A2/B2
	1
	1,6
	0
	2
	1
	6

	160
	A2/B2
	1
	2,7
	0
	2
	1
	2

	161
	A2/B2
	1
	4,9
	0
	2
	2
	2

	162
	A2/B2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	2

	163
	A3/B3
	16
	5
	0
	2
	1
	2

	164
	A3/B3
	8
	5
	0
	2
	1
	6

	165
	A3/B3
	4
	5
	0
	2
	1
	2

	166
	A3/B3
	2
	1
	0
	2
	2
	2

	167
	A3/B3
	2
	2
	0
	2
	1
	2

	168
	A3/B3
	2
	4
	0
	2
	1
	2

	169
	A3/B3
	1
	1
	0
	2
	1
	6

	170
	A3/B3
	1
	2
	0
	2
	1
	2

	171
	A3/B3
	1
	4
	0
	2
	2
	2

	172
	A3/B3
	1
	1,6
	0
	2
	1
	2

	173
	A3/B3
	1
	2,7
	0
	2
	1
	2

	174
	A3/B3
	1
	4,9
	0
	2
	1
	6

	175
	A3/B3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	2

	176
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	…
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	255
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A



Table 2 Configuration table for above 6GHz
	PRACH Config. Index
	Preamble Format
	Config. period
	Subframe number
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within 0.25ms
	Number of RACH occasions within a RACH slot

	0
	A1
	16
	5, 7
	0
	2
	1
	6

	1
	A1
	8
	5
	0
	2
	1
	6

	2
	A1
	4
	5
	0
	2
	1
	6

	3
	A1
	2
	1
	0
	2
	1
	6

	4
	A1
	2
	2
	0
	2
	1
	6

	5
	A1
	2
	4
	0
	2
	1
	6

	6
	A1
	1
	1
	0
	2
	1
	6

	7
	A1
	1
	2
	0
	0
	1
	6

	8
	A1
	1
	4
	0
	2
	1
	6

	9
	A1
	1
	1,6
	0
	0
	1
	6

	10
	A1
	1
	2,7
	0
	2
	1
	6

	11
	A1
	1
	4,9
	0
	0
	1
	6

	12
	A1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	6

	13
	A2
	16
	5
	0
	0
	1
	4

	14
	A2
	8
	5
	0
	2
	2
	4

	15
	A2
	4
	5
	0
	0
	1
	4

	16
	A2
	2
	1
	0
	2
	2
	4

	17
	A2
	2
	2
	0
	0
	1
	4

	18
	A2
	2
	4
	0
	2
	2
	4

	19
	A2
	1
	1
	0
	0
	1
	4

	20
	A2
	1
	2
	0
	2
	2
	4

	21
	A2
	1
	4
	0
	0
	1
	4

	22
	A2
	1
	1,6
	0
	2
	2
	4

	23
	A2
	1
	2,7
	0
	0
	1
	4

	24
	A2
	1
	4,9
	0
	2
	2
	4

	25
	A2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	0
	1
	4

	26
	A3
	16
	5
	
	2
	2
	2

	27
	A3
	8
	5
	
	0
	1
	2

	28
	A3
	4
	5
	
	2
	2
	2

	29
	A3
	2
	1
	
	0
	1
	2

	30
	A3
	2
	2
	
	2
	2
	2

	31
	A3
	2
	4
	
	0
	1
	2

	32
	A3
	1
	1
	0
	2
	2
	2

	33
	A3
	1
	2
	0
	0
	1
	2

	34
	A3
	1
	4
	0
	2
	2
	2

	35
	A3
	1
	1,6
	0
	0
	1
	2

	36
	A3
	1
	2,7
	0
	2
	2
	2

	37
	A3
	1
	4,9
	0
	0
	1
	2

	38
	A3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	2

	39
	B1
	16
	5
	0
	0
	1
	6

	40
	B1
	8
	5
	0
	0
	2
	6

	41
	B1
	4
	5
	0
	2
	1
	6

	42
	B1
	2
	1
	0
	2
	2
	6

	43
	B1
	2
	2
	0
	2
	1
	6

	44
	B1
	2
	4
	0
	2
	2
	6

	45
	B1
	1
	1
	0
	2
	1
	6

	46
	B1
	1
	2
	0
	2
	2
	6

	47
	B1
	1
	4
	0
	2
	1
	6

	48
	B1
	1
	1,6
	0
	2
	2
	6

	49
	B1
	1
	2,7
	0
	2
	1
	6

	50
	B1
	1
	4,9
	0
	2
	2
	6

	51
	B1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	52
	B4
	16
	5
	0
	2
	2
	1

	53
	B4
	8
	5
	0
	2
	1
	1

	54
	B4
	8
	5
	0
	2
	2
	1

	55
	B4
	4
	5
	0
	2
	1
	1

	56
	B4
	2
	4
	0
	2
	2
	1

	57
	B4
	1
	1
	0
	2
	1
	1

	58
	B4
	1
	2
	0
	2
	2
	1

	59
	B4
	1
	4
	0
	2
	1
	1

	60
	B4
	1
	2,7
	0
	2
	2
	1

	61
	B4
	1
	1,4,7
	0
	2
	1
	1

	62
	B4
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	1

	63
	C0
	16
	5
	0
	2
	1
	6

	64
	C0
	8
	5
	0
	2
	2
	6

	65
	C0
	4
	5
	0
	2
	1
	6

	66
	C0
	2
	1
	0
	2
	2
	6

	67
	C0
	2
	2
	0
	2
	1
	6

	68
	C0
	2
	4
	0,2
	2
	1
	6

	69
	C0
	1
	1
	0
	2
	1
	6

	70
	C0
	1
	2
	0
	2
	1
	6

	71
	C0
	1
	4
	0
	2
	1
	6

	72
	C0
	1
	1,6
	0
	2
	1
	6

	73
	C0
	1
	2,7
	0
	2
	1
	6

	74
	C0
	1
	4,9
	0
	2
	1
	6

	75
	C0
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	76
	C2
	16
	5
	0
	2
	1
	2

	77
	C2
	8
	5
	0
	2
	2
	2

	78
	C2
	4
	5
	0
	2
	1
	2

	79
	C2
	2
	1
	0
	2
	1
	2

	80
	C2
	2
	2
	
	
	
	

	81
	C2
	2
	4
	0
	2
	1
	6

	82
	C2
	1
	1
	0
	2
	1
	2

	83
	C2
	1
	2
	0
	2
	2
	2

	84
	C2
	1
	4
	0
	2
	1
	2

	85
	C2
	1
	1,6
	0
	2
	1
	2

	86
	C2
	1
	2,7
	0
	2
	1
	6

	87
	C2
	1
	4,9
	0
	2
	1
	2

	88
	C2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	2
	2

	89
	A1/B1
	16
	5
	0
	2
	1
	2

	90
	A1/B1
	8
	5
	0
	2
	1
	2

	91
	A1/B1
	4
	5
	0
	2
	1
	6

	92
	A1/B1
	2
	1
	0
	2
	1
	2

	93
	A1/B1
	2
	2
	0
	2
	2
	2

	94
	A1/B1
	2
	4
	0
	2
	1
	2

	95
	A1/B1
	1
	1
	0
	2
	1
	2

	96
	A1/B1
	1
	2
	0
	2
	1
	6

	97
	A1/B1
	1
	4
	0
	2
	1
	2

	98
	A1/B1
	1
	1,6
	0
	2
	2
	2

	99
	A1/B1
	1
	2,7
	0
	2
	1
	2

	100
	A1/B1
	1
	4,9
	0
	2
	1
	2

	101
	A1/B1
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	6

	102
	A2/B2
	16
	5
	0
	2
	1
	2

	103
	A2/B2
	8
	5
	0
	2
	2
	2

	104
	A2/B2
	4
	5
	0
	2
	1
	2

	105
	A2/B2
	2
	1
	0
	2
	1
	2

	106
	A2/B2
	2
	2
	0
	2
	1
	6

	107
	A2/B2
	2
	4
	0
	2
	1
	2

	108
	A2/B2
	1
	1
	0
	2
	2
	2

	109
	A2/B2
	1
	2
	0
	2
	1
	2

	110
	A2/B2
	1
	4
	0
	2
	1
	2

	111
	A2/B2
	1
	1,6
	0
	2
	1
	6

	112
	A2/B2
	1
	2,7
	0
	2
	1
	2

	113
	A2/B2
	1
	4,9
	0
	2
	2
	2

	114
	A2/B2
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	2

	115
	A3/B3
	16
	5
	0
	2
	1
	2

	116
	A3/B3
	8
	5
	0
	2
	1
	6

	117
	A3/B3
	4
	5
	0
	2
	1
	2

	118
	A3/B3
	2
	1
	0
	2
	2
	2

	119
	A3/B3
	2
	2
	0
	2
	1
	2

	120
	A3/B3
	2
	4
	0
	2
	1
	2

	121
	A3/B3
	1
	1
	0
	2
	1
	6

	122
	A3/B3
	1
	2
	0
	2
	1
	2

	123
	A3/B3
	1
	4
	0
	2
	2
	2

	124
	A3/B3
	1
	1,6
	0
	2
	1
	2

	125
	A3/B3
	1
	2,7
	0
	2
	1
	2

	126
	A3/B3
	1
	4,9
	0
	2
	1
	6

	127
	A3/B3
	1
	0,1,2,3,4,
5,6,7,8,9
	0
	2
	1
	2

	128
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	…
	
	
	
	
	
	
	

	255
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A





Continue to discuss offline:
· Collisions with semi-static UL/DL configurations 
· If there is a possibility of a switching point in every slot, then the UL/DL configuration shall be included in the RACH configuration (e.g in RMSI)
· At least the RACH occasions that are in the UL part of the slot can be used
· Unknown part can also be used?????? 
· \
Regarding collision of PRACH and semi-static UL/DL configuration

Discussion point: How does UE determine actual PRACH transmission location in TDD? 

Alt 1: Semi-static UL/DL configuration is in RMSI, only PRACH occasion within the UL part is transmitted. 
· gNB should always configure UL duration long enough to ensure there is at least one RACH occasion within the UL part.



Alt 2: Semi-static UL/DL configuration is in RMSI, PRACH occasions in DL part indicated in the configuration,  and PRACH occasions colliding with actual transmitted SS/PBCH blocks and RMSI CORESETs (if not in the DL part in the configuration) are dropped. 
· gNB drops other DL transmissions in the unknown part  if it configures a PRACH transmission in the slot



Alt 3: Semi-static UL/DL configuration is in OSI, only PRACH transmission colliding with actual transmitted SS/PBCH blocks and RMSI CORESET are dropped. 
· gNB drops other DL transmissions if it configures a PRACH transmission in the slot


Key issue 5: Mapping rule when RACH resources overlap with actually transmitted SSBs.
Proposal:
Select among the following alternatives:
· Alt1: If PRACH resource is overlapped with SS blocks or RMSI CORESET, the PRACH resource is punctured. It is up to gNB implementation to avoid the conflict between PRACH resource and semi-static DL/UL SFI configuration.
· Alt2: The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.
· Alt3: If an actually transmitted SSB falls in the first half of the slot, UE assumes that all RACH resources in the first half of the slot are not valid but RACH resources in the 2nd half of the slot are valid. If an actually transmitted SSB falls in the second half of the slot, UE assumes that all RACH resources within the slot are not valid.

Offline comment: When there is a collision and one RACH resource cannot be used, what will be the UE behavior regarding the association between SSB and RACH resource?
Proposal:
For long sequence with duration 839, NR adopts the root Zadoff-Chu sequence order (logical to physical root mapping) as in LTE given by 36.211 Table 5.7.2-4
 
For short sequence with duration 839, NR adopts the root Zadoff-Chu sequence order (logical to physical root mapping) as in LTE given by 36.211 Table 5.7.2-5

Remaining issue:
· Support of frequency hopping 


Summary of Tuesday afternoon offline session

Key issue 4: Supported PRACH formats that are configured for a cell
Proposed offline agreement: For PRACH preamble formats based on the short sequence length, NR supports the following formats: 
· For Rel15, format A0 is not supported for SCS = 30/60/120kHz
· Format A0 is only supported for SCS = 15kHz
· Format A
· A1, A2, A3
· Note: for only format A case, consider leaving a blank symbol at the end of the RACH transmission
· Format B 
· B4
· Format A in combination with format B
· A1/B1, A2/B2, A3/B3
· For format C
· C0 and C2
Note: Only one format is configured by the gNB
· Send LS to RAN4 to check format A1 for 120kHz and format C0 for 120kHz. [Intel]

Editor note: 
RAN4 has sent an LS (R1-1712048) on the UE transient time:
RAN4 has discussed transient period for NR in respect of RAN1 LS. RAN4 has concluded that UE transient period will limit the time from OFF state to ON state and ON state to OFF.  The transient period is less dependent on bandwidth and subcarrier spacing but dependent on carrier frequency and UE architecture. For frequencies below 6 GHz, UE transient period for NR is 10 µsec.  For frequencies above 24 GHz, UE transient period for NR is 5 µsec. 
[image: ]
For PRACH format A0 with 120kHz SCS
[image: ]

Key issue 5: Mapping rule when RACH resources overlap with actually transmitted SSBs.
Proposal:
Select among the following alternatives:
· Alt1: If PRACH resource is overlapped with SS blocks or RMSI CORESET, the PRACH resource is punctured. It is up to gNB implementation to avoid the conflict between PRACH resource and semi-static DL/UL SFI configuration.
· Alt2: The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.
· Alt3: If an actually transmitted SSB falls in the first half of the slot, UE assumes that all RACH resources in the first half of the slot are not valid but RACH resources in the 2nd half of the slot are valid. If an actually transmitted SSB falls in the second half of the slot, UE assumes that all RACH resources within the slot are not valid.

Offline comment: When there is a collision and one RACH resource cannot be used, what will be the UE behavior regarding the association between SSB and RACH resource?

Key issue 6: RACH resources are consecutive or not consecutive within a slot
Offline agreement:
· NR support consecutive mapping of RACH resources within a slot

Summary of Monday afternoon offline session

Summary of Monday afternoon offline discussion:
Parameters needed for the configuration for the long sequence
· Preamble Format
· System frame number
· Subframe number
· When making the final table, consider that format 2 is 3.5ms long and there is a 0.5ms period available. In order to handle cases with some DL and UL control symbols in the start or end of the four subframes, format 2 could be flexibly placed within four subframes. This can be achieved by introducing a symbol level offset. 
· Alt1: Add an offset for the start of the preamble. For format 0, 1 and 3 the offset is zero. For format 2 the offset is X symbols, X = [0,1,2,3,4,5,6]
· Alt2: The PRACH format 0-3 are aligned at the end of the subframe. Add an offset to indicate the end of the preamble. For format 0, 1 and 3 the offset is zero. For format 2 the offset is X symbols, X = [0,1,2,3,4,5,6]

Note: For short sequences we have agreed to have prach-StartingSymbolIndex, this parameter can be used also for long sequence.

Offline working assumption
Using 9 bits in the RRC for the RACH configuration. 
· 8 bits to indicate the prach-ConfigIndex
· 1 bit to indicate prach-Msg1SubcarrierSpacing 
· Range of values: {15, 30} or {60, 120} kHz
· Note: For above 6GHz 1 bit is used to indicate the SCS for Msg1, for below 6GHz 1- bit to indicate the SCS for Msg1 (applicable for the short sequence, for the long sequence it is given by the format)
· Different tables for FDD and TDD
· No need to indicate sequence length
· prach-ConfigIndex: 
· Range of values: {0,1,..,255}
· prach-Msg1SubcarrierSpacing
· Range of values: 0, 1
· For below 6GHz the values indicate 15kHz or 30kHz
· For above 6GHz the values indicate 60kHz or 120kHz

Editors comment: For long sequences both SCS is given by the format. So, no need to indicate explicitly. For short sequences SCS is not given by the format, so there is a need to indicate the SCS. The alternative that was discussed to find a compact way of indicating the configuration table(s) was:
· Using a single table and indicate SCS. 
· Will limit the number of configurations to 2^N entries
· Using more than one table:
· Split long and short sequences
· Split between above 6GHz and above 6GHz
· As there will be more formats for short sequences it is not efficient to split based on long and short sequence length
· Different tables for FDD and TDD can be used without any need to explicitly indicate which table to use


Parameters to discuss further
· prach-StartingSymbolIndex 
· Range of values for short sequence: {0, 2}
· Range of values for long sequence: [0-6]
· prach-EndSymbolIndex 
· Range of values: {11, 12, 13}
· prach-FreqOffset
· Range of values: [1, 2, 4, 8]
· 
· Configuration period:
· Range of values: {10, 20, 40} [1.25, 2.5, 5, 80, 160]ms
· Number of PRACH transmission occasions FDMed in one time instance 
· Range of values: [1, 2, 4, 8]

Key issues

RACH resource configuration in the time domain
As mention in section 1, this is the final meeting and we have to make a large number of decisions and agreements regarding the RACH configuration. 
We have to have finalize the following building block to be able to have the final RACH configuration for all formats and subcarrier spacings (SCS) for TDD and FDD mode 
· Agree on the preamble formats supported in NR Rel15
· Agree on the necessary parameters needed to be able to make a RACH configuration, 
· As a working assumption, start to define how preamble formats are mapped to a 10ms pattern period
· As a second step, agree on how this 10ms pattern period can be further mapped on longer RACH configuration periods (e.g 20, 40, [80, 160]) ms
· Mapping rules of preamble formats within a slot
RACH configuration parameters
In email discussion [90b-NR-08], the following agreements were reached:
Agreements:
· Following RRC parameters related to RACH configuration are agreed: 
· High speed flag: 
· Range of values: {0, 1, 2}
· Prach-ConfigIndex: 
· Range of values: [{0,1,..,255}]
· RootSequenceIndex: 
· Range of values: 
· For long sequence: {0,1,…,837}
· For short sequence: {0,1,…,137} 
· RSRP-ThresholdSSBlock (related to RACH procedure)
· Range of values is FFS
· RSRP-ThresholdSUL (related to RACH procedure)
· Range of values is FFS
· ZeroCorrelationZoneConfig 
· Range of values: {0,1,..,15}
· Msg3Waveform (related to RACH procedure)
· Range of values: {0, 1}
· Note: Index 0 and 1 refer to CP-OFDM and DFT-s-OFDM respectively
· PreambleInitialReceivedTargetPower (related to RACH procedure)
· Range of values is FFS
· Companies are encouraged to comment on the range of values that are mentioned FFS above

Agreements:
· Following RRC parameters related to RACH configuration are FFS 
· Parameters related to the email discussion [90b-NR-07], i.e., the ones that are related to mapping between SSB and PRACH transmission occasions and preambles
· Parameters related to the mapping between CSI-RS and PRACH transmission occasions and preambles
· prach-Msg1SequenceLength 
· Range of values: {139,839}
· prach-Msg1SubcarrierSpacing 
· Range of values: {15, 30} or {60, 120} kHz
· Note: SCS is only needed for the short sequence. The long sequence SCS is determined by the preamble format.
· prach-StartingSymbolIndex 
· Range of values: {0, 2}
· prach-EndSymbolIndex 
· Range of values: {11, 12, 13}
· prach-PreambleFormat 
· Range of values for long sequence: {0, 1, 2, 3}
· Range of values for short sequence: {A1/B1, A2/B2, A3/B3, B4, C0, C1, [A0, A1, A2, A3, B1]}
· Note: Formats A0, A1, A2, A3 are currently FFS
· Note: One proponent prefers to support format B1 
· prach-FreqOffset 
· Note: parameters should be decided after initial active UL BWP discussion
· ra-PreambleIndexConfig
· Masks for RACH resources and/or SSBs
· Number of PRACH transmission occasions FDMed in one time instance 
· Note: Parameters may be decided after initial active UL BWP discussion
· Msg3 tone spacing (related to RACH procedure)
· Note: Decision may depend on initial active UL BWP discussion
· zeroCorrelationZoneConfigDedicated (could be in the table)
· rootSequenceIndexDedicated
· ra-ResponseWindowSize (related to RACH procedure)
· RACH CORESET configuration (related to RACH procedure)
· prach-ConfigIndexDedicated
Some of the above listed parameters can either be explicitly signaled in RMSI and some are included in the RACH configuration table. 


Preamble formats mapped to a 10ms (assumption) pattern period
[bookmark: _Ref498511639]Key issue 1: Mapping of RACH resources within a 10ms (assumption) pattern period
For preamble formats based on long sequence we can use the table below as a starting point. The parameters needed to define a pattern are:
Offline discussion:
Parameters needed for the configuration for the long sequence
· Preamble Format
· System frame number
· Subframe number
· When making the final table, consider that format 2 is 3.5ms long and there is a 0.5ms period that can be used by flexibly place format 2 within four subframes. In order to handle cases with some DL and UL control symbols in the start or end of the four subframes. This can be indicated with a symbol level offset. 
· Alt1: Add an offset for the start of the PRACH. For format 0, 1 and 3 the offset is zero. For format 2 the offset is X symbols 
· Alt2: The PRACH format 0-3 are aligned at the end of the subframe.

Note: For short sequences we have agreed to have prach-StartingSymbolIndex

Offline working assumption
Using 9 bits to the RRC for the RACH configuration. 
· 8 bits to indicate the Configuration index 
· For above 6GHz 1 bit is used to indicate the SCS for Msg1
· For below 6GHz 1 bit to indicate the SCS for Msg1 (applicable for the short sequence, for the long sequence it is given by the format)
· Different tables for FDD and TDD
· No need to indicate sequence length
· prach-ConfigIndex: 
· Range of values: {0,1,..,255}
· prach-Msg1SubcarrierSpacing
· Range of values: 0, 1
· For below 6GHz the values indicate 15kHz or 30kHz
· For above 6GHz the values indicate 60kHz or 120kHz

Parameters to discuss further
· prach-StartingSymbolIndex 
· Range of values: {0, 2}
· prach-EndSymbolIndex 
· Range of values: {11, 12, 13}
· prach-PreambleFormat
· Range of values for long sequence: {0, 1, 2, 3}
· Range of values for short sequence: {A1/B1, A2/B2, A3/B3, B4, C0, C2, [A0, A1, A2, A3, B1]}


	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number

	0
	0
	Even
	1
	32
	2
	Even
	1

	1
	0
	Even
	4
	33
	2
	Even
	4

	2
	0
	Even
	7
	34
	2
	Even
	7

	3
	0
	Any
	1
	35
	2
	Any
	1

	4
	0
	Any
	4
	36
	2
	Any
	4

	5
	0
	Any
	7
	37
	2
	Any
	7

	6
	0
	Any
	1, 6
	38
	2
	Any
	1, 6

	7
	0
	Any
	2 ,7
	39
	2
	Any
	2 ,7

	8
	0
	Any
	3, 8
	40
	2
	Any
	3, 8

	9
	0
	Any
	1, 4, 7
	41
	2
	Any
	0, 5

	10
	0
	Any
	2, 5, 8
	42
	2
	Any
	4, 9

	11
	0
	Any
	3, 6, 9
	43
	N/A
	N/A
	N/A

	12
	0
	Any
	0, 2, 4, 6, 8
	44
	N/A
	N/A
	N/A

	13
	0
	Any
	1, 3, 5, 7, 9
	45
	N/A
	N/A
	N/A

	14
	0
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	46
	N/A
	N/A
	N/A

	15
	0
	Even
	9
	47
	2
	Even
	9

	16
	1
	Even
	1
	48
	3
	Even
	1

	17
	1
	Even
	4
	49
	3
	Even
	4

	18
	1
	Even
	7
	50
	3
	Even
	7

	19
	1
	Any
	1
	51
	3
	Any
	1

	20
	1
	Any
	4
	52
	3
	Any
	4

	21
	1
	Any
	7
	53
	3
	Any
	7

	22
	1
	Any
	1, 6
	54
	3
	Any
	1, 6

	23
	1
	Any
	2 ,7
	55
	3
	Any
	2 ,7

	24
	1
	Any
	3, 8
	56
	3
	Any
	3, 8

	25
	1
	Any
	1, 4, 7
	57
	3
	Any
	1, 4, 7

	26
	1
	Any
	2, 5, 8
	58
	3
	Any
	2, 5, 8

	27
	1
	Any
	3, 6, 9
	59
	3
	Any
	3, 6, 9

	28
	1
	Any
	0, 2, 4, 6, 8
	60
	3
	Any
	0.2,4,6,8

	29
	1
	Any
	1, 3, 5, 7, 9
	61
	3
	Any
	1,3,5,7,9

	30
	N/A
	N/A
	N/A
	62
	3
	Any
	0,1,2,3,4,
5,6,7,8,9

	31
	1
	Even
	9
	63
	3
	Even
	9




· prach-Msg1SequenceLength (139 or 839) 
· prach-Msg1SubcarrierSpacing (1.25/5/15/30/60/120) kHz: 1 bit
· prach-StartingSymbolIndex 
· Range of values: {0, 2}
· prach-EndSymbolIndex 
· Range of values: {11, 12, 13}
· prach-PreambleFormat (as agreed in section 2.3)
An example for the configuration table for short sequences is given below:
	PRACH Configuration
Index
	Preamble
Format
	Msg1 SCS (kHz)
	Start symbol index
	End symbol index
	Slot number


	0
	A0
	15
	0
	13
	1, 2

	…
	
	
	
	
	

	N-1
	A0
	120
	0
	13
	1, 2 + i*10

	N
	A0
	120
	0
	13
	3, 4 + i*10



Where i = 0, 1, … (Msg1 SCS/15)-1

Mapping of 10ms pattern period within a RACH configuration period (10, 20, 40, [80, 160]) ms
Key issue 2: Mapping of 10ms (assumption) pattern period to a RACH configuration period
Given that we have defined the RACH pattern within a 10ms (assumption) period we could as a last step define how these 10ms patterns are mapped onto the RACH configuration period e.g 10/20/40 ms (FFS 80/160ms). In contributions from Nokia and ZTE two similar approaches of this mapping are discussed. 
The main idea is to include:
· Offset for the 10ms pattern
· Length of pattern: Fixed length or can be different
· Number of patterns within a RACH configuration period
· Allow more than one pattern?
· Time distance between patterns (if more than one pattern within on RACH configuration period).
· Equal distance or allow different values
· 
It is proposed to use the below two illustrations for further discussion and based on those agree on the principle and details. 

Illustration from ZTE`s contribution:

[image: ]
Illustration from Nokias contribution:


[bookmark: _Ref498512814]Figure 1: RACH transmission window.

Alternatives to be discussed:
· The RACH configuration period, offsets and number of patters (if more than one) within the table
· The RACH configuration period, offsets and number of patters (if more than one) as separate parameters

[bookmark: _Ref498094091]Configuration tables
	RAN1 90bis [1]
Agreements:
· For FDD, RACH resources can be mapped onto UL slots irrespective of the time locations of SS/PBCH block
Agreements:
· The slot duration for PRACH resource mapping for short preamble formats (i.e., L=139) is based on the RACH Msg1 numerology, i.e. SCS. 
· The slot duration for PRACH resource mapping for long preamble formats (i.e., L=839) is based on 15kHz SCS 
Agreements:
· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block
· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid
· FFS: the rules (no RRC signalling involved in defining the rules)
· Also consider the DL/UL switching points
· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI
· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design





Agreements:
· Using 9 bits in the RRC for the RACH configuration. 
· 8 bits to indicate the prach-ConfigIndex
· 1 bit to indicate prach-Msg1SubcarrierSpacing 
· Range of values: {15, 30} or {60, 120} kHz
· Note: For above 6GHz 1 bit is used to indicate the SCS for Msg1, for below 6GHz 1- bit to indicate the SCS for Msg1 (applicable for the short sequence, for the long sequence it is given by the format)
· Different tables for FDD and TDD
· No need to indicate sequence length
· prach-ConfigIndex: 
· Range of values: {0,1,..,255}
· prach-Msg1SubcarrierSpacing
· Range of values: 0, 1
· For below 6GHz the values indicate 15kHz or 30kHz
· For above 6GHz the values indicate 60kHz or 120kHz
Agreements:
· For format 2, introduce a configurable offset with a value chosen from [0,[6]] symbols based on 15kHz SCS
· No configurable offset for other formats based on long sequences
· prach-StartingSymbolIndex for short sequence
· Range of values: {0, 2}
· prach-EndSymbolIndex for short sequence
· Range of values: {[11], 13}
· (Working assumption) handling of the above 3 parameters is to be included in the configurable table instead of a separate configuration

Agreements:
· Configuration period:
· Range of values: {10, 20, 40, 80, 160} ms
· Note that handling of the above is to be included in the configurable table instead of a separate configuration
Agreements:
For PRACH preamble formats based on the short sequence length, NR supports the following formats: 
· For Rel15, format A0 is not supported for SCS = 15/30/60/120kHz
· Format A
· A1, A2, A3
· Note: for only format A case, consider leaving a blank symbol at the end of the RACH transmission
· Format B 
· B4, B1
· Format A in combination with format B
· A1/B1, A2/B2, A3/B3
· For format C
· C0 and C2
Note: Only one format is configured by the gNB
Send LS to RAN4 to check format A1/A2/A3 for 120kHz and format C0 for 120kHz. [Intel] R1-1721561

From CATT:
For RACH configuration table design in LTE, preamble format, system frame number, and subframe number are given as configuration parameters. For NR-RACH configuration table design, a subframe may include one or multiple slots according to different SCS of preamble, e.g., 1 slot per subframe for SCS of 15 KHz, 8 slots per subframe for SCS of 120 KHz. Therefore, slot number should be included instead of subframe number for NR. Furthermore, OFDM symbol index is not suggested to be included in the configuration table.
For TDD in NR, it is better not to configure RACH resources in SS/PBCH slots. 
Table 2. Candidate slot indices within a frame for RACH resources below 6GHz (SS-block with 10ms periodicity)
	
	Msg.1 with 15 kHz SCS
	Msg.1 with 30 kHz SCS

	SSB with 15 kHz SCS, L=8
	4, 5, 6, 7, 8, 9
	8 ~ 19

	SSB with 30 kHz SCS, L=8
	4~19
	2 ~9 



Table 3. Candidate slot indices within a frame for RACH resources above 6GHz (SS-block with 10ms periodicity) 
	
	Msg.1 with 60kHz SCS
	Msg.1 with 120kHz SCS

	SSB with 120 kHz SCS, L=64
	4,9,14,19~ 39
	8, 9, 18, 19, 28, 29, 38~79

	SSB with 240 kHz SCS, L=64
	4, 9~39
	8, 9, 18~79



From Intel:
For different numerology which is separately configured, the same table can be used and configure PRACH slots with the slot index using modular arithmetic as shown in Figure 3.




From Ericsson:
 [image: ]

· In total we have 10 formats for short sequence and 4 formats for long sequence.
· For below 6GHz
· Assume 64 indices used for long sequence, that leaves 192 indices for short sequences
· If allow to have 2 combinations of start and end symbol e.g 0,11 and 2,13 then we can have 9.6 indices / format. (192/2/10)
· For above 6GHz
· If allow to have 2 combinations of start and end symbol e.g 0,11 and 2,13 then we can have 12.8 indices / format. (256/2/10)
· Density:
· With subframe based approach we can have one RACH slot every subframe, e.g max 10 in an 10ms window
· With slot based approach the number of RACH slots will be depending on SCS
· 10 RACH slots using SCS = 15khz and 20 RACH slots using SCS = 30khz
· In one entry in the configuration table the number of locations will depend on SCS
· If we agree to be able to have more than 10 RACH slots within a 10ms then we shall go with the slot based approach
· If we agree to have 10 RACH slots within 10ms (as the Ericsson figure) then we can have subframe based or slot based
· Adding half frame indication? To indicate different RACH slots depending on SSBs are mapped in first or second half frame

Editors note regarding subframe vs RACH slot number:

Using subframe indication over a 10ms period:
For 15/30kHz we will have the following possible locations of RACH resources
[image: ]
For above 6GHz, using slot numbering, with the lowest SCS as reference (60kHz)
For 60/120kHz we get the following possible locations:
[image: ]




For 60/120 kHz we will have the following possible locations of RACH resources
[image: ]
Slot number: 
· 0, 4, 8, …, 36  for 60kHz
· 0, 8, 16,… 72 for 120kHz 

Using slot numbering, with the lowest SCS as reference (15 or 60kHz)
For 15/30 kHz it will be the same as using subframe number
For 60/120kHz we get the following possible locations:
[image: ]
· 0, 1, 2,3, …, 39 for 60kHz
· 0, 2, 4, … 78 for 120kHz 

· Using subframe will be equivalent to use the following set of RACH slot numbers
· RACH slot number = subframe *Msg1_SCS/15 (Msg1_SCS in kHz)
· Using slot numbering
· RACH slot = (slot number) mod (10*SCS/15)
· Example:
· Slot number = {4,9,14,19}
· SCS = 15kHz, then we get RACH slot = 4,9
· SCS = 30kHz, then we get RACH slot = 4,9,14,19
· Slot number = {4,9}
· SCS = 15kHz, then we get RACH slot = 4,9
· SCS = 30kHz, then we get RACH slot = 4,9

For the 15kHz SCS we get the same configuration using two different entries in the table??

· Slot based indication

· Subframe based indication
· Additional column to indicate RACH slots within a subframe
· A few patterns, this can increase the number of RACH slots within a 10ms period
· 

Key issue 7: PRACH configuration tables
Now we need to make the detailed design of the configuration tables, based on the agreements we will have the following columns in the tables
Offline agreement:
The PRACH configuration tables uses the following columns for the parameters with related parameter values
· PRACH Configuration number
· 0-255
· Preamble Format
· Long sequence: 0-3
· Short sequence: A0, A1, A2, A3, A1/B1, A2/B2, A3/B3, B4, C0, C2
· System frame number periodicity Nperiod
· Nperiod can have the values {1,2,4,8,16} (10ms*Nperiod)
· Nperiod represents the configuration period
· PRACH allowed in system frame number  where mod(,Nperiod) = 0
· For below 6GHz, subframe numbering is used 
· Granularity is 1ms, based on 15kHz SCS
· For short sequence length and SCS = 30kHz, the number of RACH slots in a subframe can be 1 or 2
· When there is only one RACH slot the second is used
· For short sequence length and SCS = 15kHz, the number of RACH slots in a subframe is be 1
· RACH slot number is used for above 6GHz 
· 0.25ms granularity Based on in SCS = 60kHz for short sequence 
· For the 120kHz SCS the number of RACH slots in 0.25ms can be 1 or 2 
· When there is only one RACH slot the second is used
· For the 60kHz SCS the number of RACH slots in 0.25ms is 1
· Start symbol Index (in Msg1 SCS for short sequence and 15kHz for long sequence): 
· Can have the values {0,2} for short sequence
· Can have the values {0,6} for format 2
· Will always be 0 for format 0,1,3
· Number of time domain RACH occasions within a RACH slot, considering end symbol can be 11 and 13
· For preamble format:
·  A1: 5,6
· A2:
· A3:
· B4: 1
· B1:
· C0: 2,3
· C2: 1, 2
· A1/B1:
· A2/B2:
· A3/B3:
· The value is not applicable (N/A) for format 0-3

Proposal:
· Logical root index mapping is the same as in LTE for both long and short sequences

Continue to discuss offline:
· Collisions with semi-static UL/DL configurations 
· If there is a possibility of a switching point in every slot, then the UL/DL configuration shall be included in the RACH configuration (e.g in RMSI)
· At least the RACH occasions that are in the UL part of the slot can be used
· Unknown part can also be used?????? 

Remaining issues:
· Frequency hopping 

		
RACH configuration period
Key issue 3: Confirmation of Working assumption on RACH configuration period
In RAN#90b the following working assumption and FFS was made:
RACH Configuration Period: 
· (working assumption) 10/20/40ms
· FFS 80ms/160ms
· FFS if the same values will be used for above and below 6GHz

The following proposals have been made by several companies:
	Huawei
	· Proposal 3: NR supports PRACH configuration period of 10ms, 20m, 40 ms, 80 ms, and 160 ms indicated by the PRACH configuration in Tables C1 and D1

	Ericsson
	· Proposal 14: Support RACH configuration period up to 160 ms.

	ETRI
	· Proposal 3: NR supports 80 ms RACH configuration period in addition to 10/20/40 ms for long sequence case. 
· Proposal 4: NR supports 1.25/2.5/5/10 ms RACH configuration period for short sequence case. 



Based on the above proposals the following proposal is made:
Proposed off-line agreement:
· Confirm working assumption on PRACH configuration period of 10ms, 20m, 40 ms
· NR also supports a PRACH configuration period of 80 and 160 ms
· Alt1: NR also supports PRACH configuration period of 1.25, 2.5 and 5ms
· Alt2: NR do not support any additional Configuration period than 10, 20, 40, 80, 160ms
Preamble formats
Key issue 4: Supported PRACH formats that are configured for a cell
On top of the formats (0-3) based on the long sequence we made the following agreements in RAN1#90b.
Agreements from RAN1#90b
· One PRACH format is configured for a cell
· FFS the impact BWP/SUL
· For PRACH formats based on short sequence length
· Format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C 
· If format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A 
· At least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot
· FFS Support a PRACH format taken from A0/A1/A2/A3 within a RACH slot

There are still some remaining details on the exact PRACH formats based on the short sequence. To this meeting several companies have made some proposal to add or remove some formats. 

	Company
	Proposal

	Nokia
	Proposal 6: NR supports PRACH preamble formats A0, A1, A2 and A3 in all RACH occasions of a RACH slot, in addition to the already agreed PRACH preamble formats for short sequence.

	ETRI
	Proposal 5: NR supports PRACH formats taken from A0/A1/A2/A3 within a RACH slot.

	CATT
	Proposal 2: NR should support a RACH slot with PRACH format A0 only, but do not support a RACH slot with RACH formats A1/A2/A3 only

	Intel
	Proposal 5:  
· Same PRACH format with different subcarrier spacing can be configured for different BWP
· For the configuration of PRACH format, only the followings are considered: A0, A1/B1, A2/B2, A3/B3, B4, C0, C2

	LGE
	Proposal 3: 
· NR should support only format A within RACH slot
· eNB configures either format A/B, format A or format C

	Ericsson
	Proposal 1: For RACH formats A1, A2, A3, B1, B2, and B3, any preamble occupying the last symbol of a slot should not be used, in order to ensure enough guard in all situations. Mixes A/B of A and B formats are then not needed.

	Interdigital
	Proposal 2: NR supports PRACH preamble format A transmission within one slot.

	CMCC
	Proposal 1: Support configure Format B1 only within a RACH slot, in the case of a single PRACH occasion within a RACH slot.



In the previous RAN1 meetings several companies have raised some concerns on the necessity of supporting the combination of Ax/Bx formats. As the CP for Bx formats are shorter than Ax formats the preamble detection performance could be different, either the supported cell radius is smaller (e.g following format Bx) or the detection performance for the last preamble using format Bx could be worse than for the preambles using format Ax. If format Ax/Bx is not supported some time resources within a slot are then unused. So, we could have a short discussion if we shall revert previous agreement on supporting mix of format A and B or if we in Rel15 does not support mix of format A and B. Based on the previous agreements and the proposals from different companies to this meeting, as listed above, the following is proposed.
RAN4 has sent an LS (R1-1712048) on the UE transient time:
RAN4 has discussed transient period for NR in respect of RAN1 LS. RAN4 has concluded that UE transient period will limit the time from OFF state to ON state and ON state to OFF.  The transient period is less dependent on bandwidth and subcarrier spacing but dependent on carrier frequency and UE architecture. For frequencies below 6 GHz, UE transient period for NR is 10 µsec.  For frequencies above 24 GHz, UE transient period for NR is 5 µsec. 
[image: ]
For PRACH format A0 with 120kHz SCS
[image: ]



Proposed offline agreement: For PRACH preamble formats based on the short sequence length, NR supports the following formats: 
· For Rel15, format A0 is not supported for SCS = 30/60/120kHz
· Format A0 is only supported for SCS = 15kHz
· Format A
· A1, A2, A3
· Note: for only format A case, consider leaving a blank symbol at the end of the RACH transmission
· Format B 
· B4
· Format A in combination with format B
· A1/B1, A2/B2, A3/B3
· For format C
· C0 and C2
Note: Only one format is configured by the gNB
· Send LS to RAN4 to check format A1 for 120kHz and format C0 for 120kHz. [Intel]

Number of configuration tables
In RAN1#90b we made the following agreements:

Agreements:
· NR-RACH configurations can be specified using a table similar to LTE, this table is index by the PRACH Config Index
· Frequency multiplexed PRACH transmission occasions use the same PRACH Config Index 
· NR strives to minimize the number of bits needed for the RACH configuration 
· Use 8-bits as the starting point
· FFS: If SCS and formats are part of the table
Several alternatives on the number of tables for the PRACH configurations can be found in the contributions submitted for RAN1#91.  
	Company
	Proposal

	ZTE
	· Proposal 1: Define different tables for different frequency ranges, e.g. sub-6G and above-6G. 
· Proposal 2: long sequence format and short sequence format could be indicated in the same table for lower frequency range.

	Nokia
	· Proposal 1: NR adopts different PRACH configuration tables for long sequence and short sequence preamble formats.
· Proposal 2: For long sequence preamble formats, NR adopts a 64-entry RACH configuration table similar to LTE, with the adaptations highlighted in Table1.
· Proposal 3: For short sequence preamble formats, NR adopts an 8-bit RACH configuration index.

	CATT
	· Proposal 3: NR should support two NR RACH configuration tables: one for below 6GHz and the other for above 6GHz.

	ETRI
	· Proposal 1: For NR PRACH configuration for long sequence preamble formats, the items in table should include
	PRACH configuration index
	Preamble formats
	RACH configuration period
	Frame number within configured period
	RACH slot number within configured period
	(Maximum) FDMed RACH number
	(Maximum) CDMed RACH number


· Proposal 2: For NR PRACH configuration for short sequence preamble formats, the items in table should include
	PRACH configuration index
	Preamble formats
	Msg. 1 SCS
	RACH configuration period
	Frame number within configured period
	RACH slot number within configured period
	(Maximum) FDMed RACH number
	(Maximum) CDMed RACH number




	Ericsson
	· Proposal 15	Use Table 5 as PRACH configuration table below 6 GHz.
· Proposal 16	Use Table 6 as PRACH configuration table above 6 GHz.



Based on the proposals in the above table the following alternatives are identified:
Offline discussion:
Alt1: Using two tables for the configurations, one for long sequences and one for short sequences (Nokia, Nokia Shanghai Bell , ETRI, Intel)

Alt2: Using two tables for the configurations, one for below 6GHz and one for above 6GHz (ZTE, Sanechips, Ericsson, CATT, Huawei, Hisilicon)
 
Alt3: Using one table for all configurations (Convida, MediaTek)

Alt4: Using four tables for all configurations (NTT Docomo, CMCC)

Mapping of preamble formats within a slot
Key issue 5: Mapping rule when RACH resources overlap with actually transmitted SSBs.
The following table summarize the proposal made from several companies regarding the mapping rule when RACH resources overlap with actually transmitted SSBs.
	Company
	Proposal

	ZTE, Saneships
	Proposal 3: 
· Any PRACH occasions defined by the RACH configuration that collide with an SSB is considered an invalid PRACH occasion. Only the set of valid PRACH occasions are used when defining the SSB to PRACH occasion association.

	Huawei,Hisilicon
	Proposal 7:
· If PRACH resource is overlapped with SS blocks, the PRACH resource is punctured. It is up to gNB implementation to avoid the conflict between PRACH resource and semi-static DL/UL SFI configuration.

	LGE
	Proposal 6:
· When front part of the effective slot is occupied by SSB(s) and RACH resource can be consecutively allocated within remaining part of the slot, PRACH transmission is allowed.

	CATT
	Proposal 5:
·  When an actually transmitted SS/PBCH block is overlapped with RACH resource in TDD mode, UE can transmit PRACH preambles in non-overlapping slots in case that available number of OFDM symbols for uplink transmission in the non-overlapping slots is no less than the number of repeated sequences in a configured PRACH format.

	Qualcomm
	Proposal 3: 
· NR defines the following rule when RACH resources overlap with actually transmitted SSBs.
· If an actually transmitted SSB falls in the first half of the slot, UE assumes that all RACH resources in the first half of the slot are not valid but RACH resources in the 2nd half of the slot are valid. 
· If an actually transmitted SSB falls in the second half of the slot, UE assumes that all RACH resources within the slot are not valid.

	NTT Docomo
	Proposal 1: 
· For TDD, UE assumes that only OFDM symbols after the end of the last actually transmitted SS block within a slot are available for PRACH transmission even when the OFDM symbol before the end of the last actually transmitted SS block within a slot is indicated as the PRACH starting symbol location in RACH configuration table.

	Ericsson
	Proposal 17: 
· The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.



Based on the above proposals from several companies the following proposal can be made:
Proposal:
Select among the following alternatives:
· Alt1: If PRACH resource is overlapped with SS blocks or RMSI CORESET, the PRACH resource is punctured. It is up to gNB implementation to avoid the conflict between PRACH resource and semi-static DL/UL SFI configuration.
· Alt2: The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.
· Alt3: If an actually transmitted SSB falls in the first half of the slot, UE assumes that all RACH resources in the first half of the slot are not valid but RACH resources in the 2nd half of the slot are valid. If an actually transmitted SSB falls in the second half of the slot, UE assumes that all RACH resources within the slot are not valid.

Offline comment: When there is a collision and one RACH resource cannot be used, what will be the UE behavior regarding the association between SSB and RACH resource?


Key issue 6: RACH resources are consecutive or not consecutive within a slot
The following proposals regarding the mapping of RACH resources within a slot have been made:
	Company
	Proposal

	Intel
	Proposal 3: The RACH occasion in one PRACH slot is consecutive and the information of starting/ending position could be configured in the RMSI. 

	Qualcomm
	Proposal 2: NR only supports consecutive RACH resources within a slot.

	LGE
	Proposal 4: NR should support that short sequence based PRACH preamble is consecutively allocated within RACH slot.



Based on the above proposals, the following proposal is made.
Offline agreement:
· NR support consecutive mapping of RACH resources within a slot

RACH configuration in the frequency domain will be handled in 7.1.4.2
Key issue 7:  RACH configuration in the frequency domain
The following proposals and observation regarding RACH configuration in the frequency domain have been found in the contributions submitted for this meeting:
	Company
	Proposal/Observations

	Huawei
	Proposal 9: Support frequency hopping of the RACH resources across PRACH configuration periods.

	LGE
	Initial active UL BWP
Proposal 1:
· For initial active UL BWP configuration, three components (i.e. bandwidth, location and subcarrier) are required. Also, for the default value of the IAU BWP, followings are defined:
· The bandwidth of IAU BWP is the same as the initial active DL (IAD) BWP.
· For paired spectrum, the location of IAU BWP is the same as the reference location for UL carrier.
· The numerology of IAU BWP is the same as the IAD BWP.
Proposal 2: 
NR allows at least the possibility that FDMed RACH transmission occasion can be assigned out of the bandwidth of IAU BWP.

	Nokia
	Proposal 8: Within a RACH slot there could be multiple RACH PRB allocations. The RACH PRB allocation is common to all RACH slots.

	Intel
	Proposal 1:  
· PRACH format, slot index, number of PRACH occasions in frequency domain are part of Prach-ConfigIndex
Proposal 5:  
· Same PRACH format with different subcarrier spacing can be configured for different BWP

	Qualcomm
	Observation 1: FDMing RACH transmission occasions outside initial active UL BWP has following pros and cons.
· Advantage: It increases available PRACH capacity in the network.
· Disadvantage: It will force a UE to retune between Msg1 and Msg3 which may require more time. 

Observation 2: The disadvantage shown in observation 1 can be mitigated by ensuring that that the same sets of SSBs get mapped to FDMed RACH transmissions within and outside initial active UL BWP. But RRC parameters and mapping rules required to ensure this need to be properly defined.
Observation 3: NR needs to discuss further if all FDMed PRACH transmission occasions configured by RMSI are confined within the initial active UL BWP or not.

	Ericsson
	Proposal 5	Number of PRACH transmission occasions FDMed in one time instance should have the range of values {1,2,4,8}.



Based on the proposals in the above table, the following proposals are made:
Proposed off-line agreements: 
· Within a RACH slot there could be multiple RACH PRB allocations. 
· The PRB RACH allocation is common to all RACH slots.
· RACH allocations are allocated consecutively in frequency.
· The number of FDMed PRACH occasions within one time instance is {1,2,4,8}. The number is part of the Prach-ConfigIndex
· Support of FDMed RACH transmission occasion can be assigned out of the bandwidth of IAU BWP.
· Alt 1: NR allows at least the possibility that FDMed RACH transmission occasion can be assigned out of the bandwidth of IAU BWP.
· Alt 2: NR does not allow the possibility that FDMed RACH transmission occasion can be assigned out of the bandwidth of IAU BWP.
· Support of frequency hopping of the RACH resources across RACH configuration periods
· Alt1: Support
· Alt2: No support
· For initial active UL BWP configuration, three components (i.e. bandwidth, location and subcarrier) are required. Also, for the default value of the IAU BWP, followings are defined:
· The bandwidth of IAU BWP is the same as the initial active DL (IAD) BWP.
· For paired spectrum, the location of IAU BWP is the same as the reference location for UL carrier.
· The numerology of IAU BWP is the same as the IAD BWP.
· Same PRACH format with different subcarrier spacing can be configured for different BWP
· Alt1: Support
· Alt2: No support


Discussion and conclude RACH capacity enhancement in Rel 15
Key issue 8: Discussion and conclude RACH capacity enhancement in Rel 15
Only a few companies discuss RACH capacity enhancement in the submitted contributions. One company explicitly propose that RACH capacity enhancement shall be supported after Rel15 and two companies indicates that there RACH capacity enhancement could be introduced in Rel15. Considering the Rel15 shall be completed after this RAN1#91 meeting and that the proposed solutions for RACH capacity enhancement are quite diverse. The following conclusions can be made:


Proposed conclusion for RACH capacity enhancement in Rel15:
· NR should not support RACH capacity enhancement in Rel-15.

· Agree one of the following alternatives:
· Alt1: NR should study the necessity of RACH capacity enhancement after Rel-15, considering the below 4 solutions:
· Alt2: NR should support RACH capacity enhancement after Rel-15, considering the below 4 solutions:

Solution 1: Using OCC and Option 2 
Solution 2: Using ZC and a M-sequence on top
Solution 3: Using Option 4
	Solution 4: Use sinusoidal modulation on top of Option 1 

Definition of option 1/2/4:
Following options can be further considered for the consecutive multiple/repeated RACH preambles, 
· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH sequences, CP/GT between RACH sequences is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 2: The same RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 4: Different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences


Other key issues related to AI 7.1.4.1

	Company
	Comments
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