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Revision of R1-1721389
[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)
· Configuration period, pattern, etc.
· Number of tables
· 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

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}
· [bookmark: _GoBack]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 long 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


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. 


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 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 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 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

Editors comment: For long sequences both SCS is given by the format. So, no need to indicate explicitly. For long 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

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

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.
Proposed off-line agreement: For PRACH preamble formats based on the short sequence length, NR supports the following formats:
· Format A
· Alt 1: A0 
· Alt 2: A0, A1, A2, A3 
· Format B 
· B4
· Alt 1: B1, B4
· Alt 2: B1, B2, B3, B4
· Alt 3: Only support B1, B2, B3 in combination with format A1, A2, A3
· Format A in combination with format B
· A1, A2, A3 in combination with B1, B2, B3
· Not support mix of format A and B
· For format C
· C0 and C2
Note: Only one format is configured by the gNB
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:
Proposed off-line agreements:
· 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.
· Alt1: The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.
· Alt2: 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.
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.
Proposed off-line 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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Appendix
Summary of the proposals from the Tdocs [1 – 13].
	1
	R1-1719345
	PRACH Resource Configuration:
Observation 1: The parameters related to PRACH configuration table could be:
· A pattern of PRACH slots within a time interval (PRACH burst) T1 
· The pattern of PRACH slots could be indicated by PRACH slot offset and slot repetition period.
· Msg1 preamble format
· PRACH burst pattern indication
· The pattern indication could be indicated by PRACH burst offset and repetition period of PRACH burst.
Observation 2: The uniform distribution of RACH slots in T1 is better than the RACH slots concentrated in the front of T1.
Observation 3: The uniform distribution of multiple RACH bursts in RACH burst set periodicity is better than the consecutive RACH burst.
Observation 4: Single burst in RACH burst set could further reduce the overall RACH density if the RACH burst set periodicity is longer; multiple bursts in RACH burst set could further increase the overall RACH density.
Observation 5: Configuring RACH resources right after the SS burst set is beneficial for the latency reduction during RACH procedure. 
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.
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.
	ZTE, Sanechips

	2
	R1-1719375
	Remaining issues in RACH formats
Proposal 1: Do not confirm the Working Assumption on using 6-bit RAPID: NR should support 8-bit RAPID.
Proposal 2: NR should use Table 5 as the NR-PRACH configuration parameters.
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. 
Proposal 4: NR defines a finite number of candidate PRACH resource time patterns in a subframe, where the time slot number and OFDM symbol for each pattern are predefined as indicated in Figures E1 and E2. The frame and subframe that contains the PRACH resources are indicated by the PRACH configuration Table via Table D1. 
Proposal 5: The number of PRACH transmission time occasions in a RACH configuration period should be at least the same as the number of SS blocks in an SS burst set period. 
Proposal 6: If there are more PRACH resources for SS block association in a PRACH configuration pattern after puncture due to SSB/RMSI overlapping, some of the PRACH resources are punctured from the beginning of the PRACH pattern. 
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.
Proposal 8: The mapping rule during one RACH configuration period is based on the actually transmitted PRACH resources after puncturing and appending.
Proposal 9: Support frequency hopping of the RACH resources across PRACH configuration periods.
	Huawei, HiSilicon

	3
	R1-1719897
	Discussion on PRACH preamble format details
In this document, we discuss on further details of the configuration for initial active UL BWP and PRACH preamble. From the discussion, we proposal as follows:
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.
	Parameter
Name
	Description
	Value Range
	Default Value

	Initial UL-BWP
	single BWP can be configured in DL
	BW contain { initial-UL-BWP-BW, initial-UL-BWP-loc, initial-UL-BWP-mu}
	NA

	Initial UL-BWP-BW
	The applicable bandwidth for the configured initial UL BWP
	
	Initial DL-BWP-BW

	Initial UL-BWP-loc
	Frequency location of the initial UL-BWP
	
	Reference location

	Initial UL-BWP-mu
	The subcarrier spacing of Initial UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS. 
	0,1, 2, 3
	RMSI-scs


Proposal 2: 
· NR allows at least the possibility that FDMed RACH transmission occasion can be assigned out of the bandwidth of IAU BWP.
PRACH resource allocation within a slot
Proposal 3: 
· NR should support only format A within a RACH slot.
· eNB configures either format A/B, format A or format C.
Proposal 4: 
· NR should support that short sequence based PRACH preamble is consecutively allocated within RACH slot.
Derivation of Effective RACH slots and RACH symbols
Observation:
· Due to SSB transmission and dynamic TDD configuration, it is hard to mandate the UL only slot for PRACH transmission.
· For TDD, UE should be able to derive the effective RACH slots combining information from the RACH configuration, the actual transmitted SSB and semi-static DL/UL assignment in the RMSI.
Proposal 5:
· The prime rule for the slot allocation is that the information on the actually transmitted SSB always has a priority to that of RACH resource configuration. And then, the information on the semi-static DL/UL assignment has a second priority. 
· Even though a slot is indicated as a RACH resource by the PRACH configuration, the slot is not used for RACH resource, if the slot is used for the SSB transmission whose information (actually transmitted SSBs) is signaled in the RMSI, and if the slot is assigned for DL only slot or unknown whose information (semi-static DL/UL assignment) is signaled in the RMSI. 
· If a slot is indicated as a RACH resource by the PRACH configuration and the slot is not used for the SSB transmission due to larger periodicity of SSBs, the slot is used for the RACH resources. Also, if a slot is indicated as a RACH resource by the PRACH configuration and the slot is assigned for UL only, the slot is used for the RACH resources.
· In the effective RACH slots, UE can transmit PRACH preamble for CBRA and/or CFRA.
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.
· Symbols indicated as UL by the information of semi-static DL/UL assignment in RMSI can be the effective RACH symbols. One set of effective RACH symbols can be said to be one RACH occasion.
	LG Electronics

	4
	R1-1720005
	Remaining details on PRACH formats
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. The RACH configuration index determines:
1. RACH transmission window duration in subframes.
2. RACH transmission window offset in subframes.
3. RACH transmission window period in subframes.
4. RACH pattern period in slots.
5. RACH slot pattern within each period.
Proposal 4: For PRACH configuration and resource allocation, support at least the following RRC parameter categories in RMSI:
· PRACH preamble format and sequence parameters
· RACH resource allocation information
Proposal 5: In addition to the parameters agreed in email discussion [90b-NR-08], the following parameters are supported to determine the PRACH preamble format signal:
· prach-Msg1SequenceLength (long sequence or short sequence) – 1 bit.
· prach-PreambleFormat (for short sequences) – 4 bits.
· prach-Msg1SubcarrierSpacing (for short sequence) – 1 bit.

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.
Proposal 7: Each preamble supports 64 signatures per time frequency RACH resource.
Proposal 8: Within a RACH slot there could be multiple RACH PRB allocations. The RACH PRB allocation is common to all RACH slots.
Proposal 9: All RACH slots have the same ending symbol.
Proposal 10: RACH resources are indexed in the following order:
· Ascending order of PRACH occasions within a RACH slot and the same RACH PRB allocation
· Ascending order of RACH PRB allocations within a RACH slot
· Ascending RACH slots within the RACH transmission window.
	Nokia, Nokia Shanghai Bell

	5
	R1-1720061
	Remaining details of PRACH formats
This contribution discusses the remaining details on PRACH preamble with the following proposals
Proposal 1:  
· PRACH format, slot index, number of PRACH occasions in frequency domain are part of Prach-ConfigIndex
· PRACH slots is dependent on half frame bit in PBCH
· Subcarrier spacing and starting symbol index are additionally configured for PRACH of L=139.
Proposal 2:  
· SSB and PRACH association can be done implicitly using actually transmitted SSB and PRACH occasions inside the PRACH periodicity
· PRACH mapping is done using the following order: preamble domain – frequency domain – time domain
Proposal 3:  
· Table 4 is reflected for the RRC parameter table

Proposal 4:  
· If the PRACH occasion chosen for the PRACH transmission by MAC overlaps with resources declared as ‘reserved’, UE transmits PRACH on that PRACH occasion without any puncturing
· This has to be reflected for the next version of 38.211.
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, C1
	Intel Corporation

	6
	R1-1720173
	Further details on NR RACH format
This paper investigates the remaining issues for RACH preamble formats. 
· Observation 1: For supporting association between DL signal/channel (e.g., SS blocks) and RACH preamble indices for initial access, and  UL Tx beam sweeping at the UE for initial access, the capacity of RACH preamble is required to be proportional to the number of supported PRACH users times the maximum number of SS-blocks within SS burst set, L.
· Observation 2: For non-contention based beam failure recovery based on PRACH channel, the capacity of RACH preamble depends on the number of users which carry on beam failure recovery request transmission multiplied with the number of DL beams. 
· Observation 3: The impact of out-of-sync recovery requests on the capacity of RACH preamble is similar to beam recovery requests, which depends on the number of users which carry on out-of-sync recovery request transmission multiplied with the number of beams. The same RACH preamble format can be considered in the procedure of beam recovery, where the CP length can be shorter than normal CP length of RACH preamble format. 
We have the following proposals:
Proposal 1: PRACH configuration at least includes the following information: time allocation, frequency allocation, preamble format, root sequence, cyclic shift configuration, associated SS block index, information on whether restricted sets is used or not, and the number of PRACH preambles per SSB or per PRACH occasion.
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. 
Proposal 3: NR should support two NR RACH configuration tables: one for below 6GHz and the other for above 6GHz.
Proposal 4: For NR RACH configuration table design, Table 4 and Table 5 are proposed.
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.
Proposal 6: NR should support RACH capacity enhancement after Rel-15.
Proposal 7: NR should support RACH design option 4 for candidate method of RACH capacity enhancement, where different sequences (either different ZC sequences or ZC sequences cover with m-sequences) are used across multiple PRACH preambles.

	CATT

	7
	R1-1720224
	Remaining details on PRACH formats
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



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.
Proposal 5: NR supports PRACH formats taken from A0/A1/A2/A3 within a RACH slot.
Proposal 6: Values of starting symbol other than 0 and 2 are not configured through RACH configuration in NR.

	ETRI

	8
	R1-1720277
	Remaining details on PRACH formats
In this contribution, Samsung’s view on remaining details on PRACH preamble formats are presented. The following proposals are made:
Proposal 1: Regardless the numerology of data channel, RACH transmission occasions for long sequence can be given by Table. 1. Slot number for RACH transmission is scaled according to 15khz. 
Proposal 2: At least 16 entries per preamble format of A0, (A1/B1), (A2/B2), (A3/B3), (B4), (C0) and (C2)are supported. The basic 16 entries per each format are same as those of format 0. 
Proposal 3: The RACH occasion in one PRACH slot is consecutive and the information of starting/ending position could be configured in the RMSI.  
Proposal 4: For RACH configuration for TDD case, applying the virtual slot index to design the PRACH slot pattern in each configuration periodicity.
	Samsung

	9
	R1-1720584
	Discussion on RACH configuration
In this contribution, the following observations and proposals are made:
Proposal 1: Support configure Format B1 only within a RACH slot, in the case of a single PRACH occasion within a RACH slot.
Proposal 2: When RACH resource conflicts with actual transmitted SS block, RACH transmission is dropped. When RACH resource conflicts with other DL transmissions, other DL transmissions are dropped.
Proposal 3: The following fields are included in the PRACH Configuration table.
1. PRACH preamble format
2. PRACH configuration periodicity
3. System SFN number of the PRACH transmission
4. Subframe number of the PRACH transmission
5. RACH resource slot location(s) within the subframe
6. Number of consecutive RACH occasions in a slot
where the starting position of the PRACH transmission can be determined as n symbols in terms of msg1 numerology or X Ts before the end of the configured slot, where  n or X is obtained from the length of the configured preamble and the number of consecutive RACH occasions in a slot.
Proposal 4: An Additional GP for RACH transmission can be indicated and the starting symbol of PRACH transmission can be accommodated accordingly.

	CMCC

	10
	R1-1720624
	On Remaining Details of PRACH Formats and Designs
In this contribution, we considered and discussed design principles for PRACH for initial access for a beam-based approach in NR. We discussed the remaining details and issues related to PRACH formats and designs. We have the following proposals:
Proposal 1: To support PRACH transmission on SUL or NR UL, carrier index can be embedded in RA-RNTI or included in RAR.
Proposal 2: NR supports PRACH preamble format A transmission within one slot.

	InterDigital, Inc.

	11
	R1-1720652
	Remaining details on PRACH formats
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.
Observation 4: Unlike initial access or handover scenarios, UEs are not completely time asynchronous with the base station when they transmit beam failure recovery request.
Observation 5: Higher number of cyclic shifts can be supported during PRACH transmission to convey beam failure recovery request. 
Observation 6: If PRACH locations within a slot are consecutive, the cyclic prefix of one PRACH resource acts as a guard period of the previous PRACH resource. If PRACH locations within a slot are not consecutive, gNB needs to configure guard periods for every RACH resource so that it does not interfere with the subsequent data transmission.
Observation 7: If gNB employs digital RX subsystems to receive RACH, then RACH resources corresponding to multiple SS blocks can be located together to reduce overhead. If Gnb configures L RACH preambles per SS block, total number of RACH preambles should be 64 * L in over-6 GHz.
Observation 8: The required number of RACH preambles in a multi-beam scenario should be high to support UE’s indication of SS block indication to gNB through RACH preambles.
Observation 9: Transmission of multiple/repeated preambles with option 1 and high tone spacing limits the total number of available PRACH resources.
Observation 10: In the presence of timing uncertainty, the number of preambles generated from the spreading of a cyclically shifted single root ZC sequence and cyclically shifted M sequence is approximately same as the number of preambles generated from a pure ZC sequence with different roots and cyclic shifts.
Observation 11: The PAPR properties of ZC sequence are better than those of ZC spread by cover sequences.
Observation 12: The presence of cyclic prefix between multiple repetitions of “short” RACH preambles allows the use of orthogonal cover codes across these symbols and increases the user multiplexing capacity of RACH transmission.
Observation 13: Option 2 with OCC increases both PRACH capacity and link budget of PRACH detection.
Observation 14: Method 1 with sinusoidal modulation increases computational complexity at gNB because it forces gNB to detect preambles by either taking long FFT or by demodulating each section of the sequences before taking FFT.
Observation 15: Method 2 with OCC allows gNB to detect sequences with small FFT and without requiring any demodulation before the FFT operation.
Observation 16: Option 4 based on ZC spread by M sequence suffers from higher PAPR in the second stage compared to pure ZC sequences.
Observation 17: Option 4 with timing arrival based preamble detection leads to ambiguity issues at gNB when the time of arrival between two UEs is close.

Proposal 1: NR supports gNB assigning two different starting root indices and corresponding zeroCorrelationZoneConfig values in the cell.
· One starting root index and zeroCorrelationZoneConfig can be used for initial access, handover purposes, etc. 
· The other starting root index and zeroCorrelationZoneConfig can be used for PRACH transmission to convey beam failure recovery request. 

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

Proposal 4: NR supports gNB configuring Msg1 sequence length and tone spacings through RMSI. 
· Starting symbol and ending symbol within the slot are directly tied to RACH configuration indices and don’t need separate RRC parameters.
 
Proposal 5: NR supports higher number of PRACH preambles than LTE in Rel-15.
Proposal 6: NR supports only pure ZC sequences for short sequence formats.
Proposal 7: NR supports both option 1 and option 2 for multiple/repeated preamble formats. Option 2 should be supported with OCC across multiple/repeated PRACH preambles.

	Qualcomm Incorporated

	12
	R1-1720794
	Remaining details on PRACH formats
In this contribution, we discussed and proposed our view on RACH configuration table and initial active UL BWP. We made the following proposals. 
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.
Proposal 2: UE assumes that only OFDM symbols corresponding to UL or unknown in semi-static DL/UL assignment are available for PRACH transmission.
Proposal 3: RACH configuration table is defined as Table I – IV in Appendix.
Proposal 4: UE assumes RACH occasion(s) are repeated from the first available symbol after starting symbol in RACH configuration index to end of the slot.
Proposal 5: For FDD and SUL, frequency location of initial active UL BWP is defined based on following reference location and offset.
· Reference location of initial active UL BWP is same as frequency location for common PRB indexing which is indicated in RMSI or SUL configuration.
· An offset between PRB 0 for initial active UL BWP and the reference location is also indicated in RMSI or SUL configuration.
Proposal 6: Default bandwidth of initial active UL BWP is min( UE minimum BW, carrier BW).
Proposal 7: For TDD, initial active UL BWP should be defined per RMSI.
Proposal 8: For initial access, all FDMed RACH transmission occasions configured by the RMSI should be confined within the initial active UL BWP associated with the RMSI.

	NTT DOCOMO, INC.

	13
	R1-1720794
	Remaining details on NR-RACH formats and configurations
In Section 2 we made the following observations:
Observation 1	Replacing the last preamble of a slot for format A with a format B preamble might not yield large enough guard in all scenarios. Furthermore, it can lead to non-uniform detection performance between preambles, which may complicate RAN4 requirements as well as network planning.
Observation 2	Using the parameters in Proposal 5 for configuration allows setting PRACH preambles for CBRA and CFRA per SSB to be larger than the number of PRACH preambles for CBRA and CFRA per RACH occasion, i.e. it in a straightforward way allows associating an SSB with multiple RACH occasions, thus in a straightforward way increasing RACH capacity.

Based on the discussion in Section 2 we propose the following:
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.
Proposal 2	Support also a RACH starting symbol value of 1.
Proposal 3	Support also a RACH starting symbol value of 5, to allow mitigation of TRP-to-TRP interference in TDD systems.
Proposal 4	Define RRC parameters and ranges of values according to Table 3.
Proposal 5	Number of PRACH transmission occasions FDMed in one time instance should have the range of values {1,2,4,8}.
Proposal 6	The association from the  PRACH preambles associated with one SS burst set with L’ SS-blocks is done by consecutively mapping  PRACH preambles to each SS-block
Proposal 7	The associations from SSB to PRACH preambles are configured using the following parameters: 1. Number of PRACH preambles for CBRA and CFRA per SSB  2. Number of PRACH preambles for CBRA per SSB  3. Number of PRACH preambles for CBRA and CFRA per RACH occasion
Proposal 8	The number of PRACH preambles for CBRA and CFRA per SSB (#PRACH_SSB) can be {4,8,16,32,64,128,256}.
Proposal 9	The number of PRACH preambles for CBRA per SSB can be {1, 2, 3, 4} if #PRACH_SSB = 4, {2, 4, 6, 8} if #PRACH_SSB = 8, {4, 8, 12, 16 } if #PRACH_SSB = 16, {4, 8, 12, 16, 20, 24, 28, 32} if #PRACH_SSB = 32, {4, 8, 12, 16, 24, 32, 48, 64} if #PRACH_SSB >= 64.
Proposal 10	The number of PRACH preambles for CBRA and CFRA per RACH occasion can be {4,8,16,32,64,128,256}.
Proposal 11	Preamble indices for CBRA and CFRA for one SSB are mapped consecutively in one RACH transmission occasion.
Proposal 12	The set of PRACH preamble sequences associated with one SS burst set is determined in the order of  1. the available cyclic shifts of a root Zadoff-Chu sequence  2. increasing root index   3. increasing frequency allocation  4. increasing PRACH preamble time instances within a slot 5. increasing slot index
Proposal 13	There should be a PRACH configuration table should similar to the LTE table 5.7.1-2 in 3GPP TS 36.211, which for each PRACH configuration index indicates start positions for PRACH allocations in terms of system frame numbers and subframe numbers.
Proposal 14	Support RACH configuration period up to 160 ms.
Proposal 15	Use Table 5 as PRACH configuration table below 6 GHz.
Proposal 16	Use Table 6 as PRACH configuration table above 6 GHz.
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.

	Ericsson
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