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1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR [1] and has identified technology components that are needed to standardize the NR system [2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In this contribution, we discuss the remaining open points of the PRACH formats. Specifically, we consider the following points:
· PRACH configuration table.
· Other PRACH and resource allocation parameters.
This contribution is a revision of R1-1718302
2	PRACH Configuration Table
In RAN1#90b [3], it was agree that the NR-configurations can be specified using a table similar to LTE.
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

In this section, we describe the design of the PRACH configuration table. As the time characteristics of the long sequence and short sequence preamble formats are different, we propose using different tables for long sequence and short.
Proposal 1: NR adopts different PRACH configuration tables for long sequence and short sequence preamble formats.
2.1	Long Sequence
For the long sequence, it is reasonable to use a use a table like that of LTE that is adapted for the new PRACH preamble formats introduced in NR for the long sequence. Table 1 shows the LTE RACH configuration table for long sequence preamble formats adapted for NR. The values adapted are highlighted in yellow.
[bookmark: _Ref498511639]Table 1: RACH configuration table for long sequence preamble formats.
	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



Proposal 2: For long sequence preamble formats, NR adopts a 64-entry RACH configuration table similar to LTE, with the adaptations highlighted in Table 1.
2.2	Short Sequence
For the short sequence, the RACH configuration table determines the time slots used for PRACH transmission. Other parameters needed for defining the PRACH preamble formats are determined using separate configuration parameters as described in section 3.
We define a RACH transmission window during which RACH preambles are transmitted. As shown in Figure 1, a RACH transmission window is defined by:
1. RACH transmission window duration in subframes.
2. RACH transmission window offset in subframes.
3. RACH transmission window period in subframes.
 
The RACH transmission window is relative to the subframe at which (subframe number + 10 * SFN) mod (RACH transmission window period) = 0.



[bookmark: _Ref498512814]Figure 1: RACH transmission window.
Within the RACH transmission window, a RACH slot pattern is transmitted to fill the RACH transmission window. The RACH slot determined by:
1. RACH pattern period in slots.
2. RACH slot pattern within each period.

The current working assumption for the RACH configuration table is that the table index is 8 bits. We propose that 5-bits are used to determine the RACH transmission window (as given by Table 2) and that the remaining 3-bits are used to determine the slot pattern (as given by Table 3).
[bookmark: _Ref498524790][bookmark: _Ref498524786]Table 2: RACH transmission window configuration table. All values in are units of subframes.
	[bookmark: _Hlk498516049]Index
	RACH Tx Win Period
	RACH Tx Win Offset
	RACH Tx Win duration
	Index
	RACH Tx Win Period
	RACH Tx Win Offset
	RACH Tx Win duration

	0
	10
	0
	1
	16
	40
	
	

	1
	10
	0
	10
	17
	40
	
	

	2
	10
	2
	1
	18
	40
	
	

	3
	10
	2
	2
	19
	40
	
	

	4
	10
	5
	1
	20
	80
	
	

	5
	10
	5
	2
	21
	80
	
	

	6
	10
	5
	5
	22
	80
	
	

	7
	20
	
	
	23
	80
	
	

	8
	20
	
	
	24
	80
	
	

	9
	20
	
	
	25
	80
	
	

	10
	20
	
	
	26
	160
	
	

	11
	20
	
	
	27
	160
	
	

	12
	20
	
	
	28
	160
	
	

	13
	20
	
	
	29
	160
	
	

	14
	40
	
	
	30
	160
	
	

	15
	40
	
	
	31
	160
	
	



[bookmark: _Ref498524936] Table 3: RACH slot pattern within the RACH transmission window.
	Index
	RACH Pattern Period (slots)
	RACH Pattern
	Index
	RACH Pattern Period (slots)
	RACH Pattern

	0
	1
	{1}
	4
	8
	{1, 0, 0, 0, 0, 0, 0, 0}

	1
	2
	{1, 0}
	5
	8
	{1, 1, 0, 0, 0, 0, 0, 0}

	2
	4
	{1, 0, 0, 0}
	6
	8
	{1, 0, 1, 0, 0, 0, 0, 0}

	3
	4
	{1, 1, 0, 0}
	7
	8
	{1, 1, 1, 1, 0, 0, 0, 0}



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.

The RACH resources are designed such that it doesn’t overlap with the CORESETs for RMSI, paging and other system information.
3	Other PRACH configuration and resource allocation 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 
· Range of values is FFS
· RSRP-ThresholdSUL 
· Range of values is FFS
· ZeroCorrelationZoneConfig 
· Range of values: {0,1,..,15}
· Msg3Waveform 
· Range of values: {0, 1}
· Note: Index 0 and 1 refer to CP-OFDM and DFT-s-OFDM respectively
· PreambleInitialReceivedTargetPower 
· 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 
· Note: Decision may depend on initial active UL BWP discussion
· zeroCorrelationZoneConfigDedicated
· rootSequenceIndexDedicated
· ra-ResponseWindowSize
· RACH CORESET configuration
· prach-ConfigIndexDedicated
· Companies are encouraged to comment whether these parameters should be supported in their contribution. Supporting companies are also encouraged to provide range of values for these parameters.

In this section, we present our views about the remaining PRACH configuration and resource allocation parameters on top of the RACH configuration table described in section 2.
In LTE, the PRACH preamble parameters including timing and PRACH preamble format are provided to the UE in SIB2. In NR, RACH configuration information is to be included in the RMSI, to allow the UE to send RACH as part of initial access. There are two sets of parameters required for the UE to determine the sequence to use for the PRACH preamble and the time-frequency resource allocation of PRACH resources.
· PRACH preamble format and sequence parameters
This relates to the parameters required to determine the preamble signal to transmit, including the subcarrier spacing, the type of sequence, the duration of the CP and preamble sequence, the number of repetitions of the RACH OFDM symbol, root sequence and cyclic shift, etc.
· PRACH resource allocation parameters
This relates to the parameters required to determine the time and frequency resource the PRACH preamble can be transmitted in.

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

3.1	PRACH preamble format and sequence parameters
The parameters given by Table 4 are required to determine the PRACH preamble signal.

[bookmark: _Ref494462652]Table 4: Parameters required to determine the PRACH preamble signal.
	Long sequence
	Short Sequence
	Field size

	Sequence type (Short or Long)
	1-bit

	
	Short sequence preamble format: {A0, A1, A2, A3, A1/B1, A2/B2, A3/B3, B4, C0, C2}
	4-bits

	Sequence type (unrestricted, restricted Type A, restricted Type B) (already agreed in [90b-NR-08])
	
	2-bits

	
	Sub-carrier Spacing:
Sub 6GHz: (15 or 30) KHz
Above 6GH: (60 or 120) KHz
	1-bit

	Cyclic shift index (already agreed in [90b-NR-08])
	4-bits

	Root sequence index (already agreed in [90b-NR-08])
	10-bits for long sequence {0, 837}
8-bits for short sequence {0, 137}



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) – 4bits.
· prach-Msg1SubcarrierSpacing (for short sequence) – 1 bit.

In RAN1-90b [3], the following agreement was made:
Agreements:
· 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 

When supporting preamble format Ax/Bx in the same slot, the benefit of having preamble Bx as the last preamble in the slot is that it has a guard period at the end, this avoids the need to leave a guard symbol after the last preamble to avoid interference with the following PRACH transmission.
However, PRACH preamble format Bx has a smaller CP then PRACH preamble format Ax, this in turn leads to a smaller cell radius, as the cell radius will be limited by the PRACH preamble format with the smallest CP. As shown in Table 5, the cell radius of PRACH preamble format Bx can be up to 40% smaller than that of the corresponding PRACH preamble format Ax. Hence, we propose that NR supports preamble format Ax in all RACH occasions of a RACH slot in addition preamble formats A/B and C that were agreed to in RAN1#90b.
[bookmark: _Ref498526893]Table 5: CP and cell radius of PRACH preamble formats Ax and Bx for a 15 KHz.
	x
	Ax (CP) (Ts)
	Bx(CP) (Ts)
	Ax(Radius) (Km)
	Bx(Radius) (Km)

	1
	288
	216
	1.41
	1.05

	2
	576
	360
	2.81
	1.76

	3
	864
	504
	4.22
	2.46



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.
Similar to LTE, each preamble supports 64 signatures per time frequency RACH resource. If 64 signatures cannot fit on one root sequence, then the next logic root sequence is used, and so on, until all 64 signatures are assigned. The root sequence index of Table 4 gives the first logic root sequence index of the set of root sequences needed to support 64 signatures. 
Proposal 7: Each preamble supports 64 signatures per time frequency RACH resource.
3.2	RACH Resource Allocation

In RAN1-90b, it was agreed that the PRACH configuration index into the RACH configuration table is used to determine the PRACH configuration. As described in section 2, a 6-bit index and an 8-bit index are used to determine the PRACH configuration of the long sequence and short sequence respectively. The PRACH configuration determines the RACH slots used for RACH transmissions. In this section, we discuss the time/frequency resource allocation within the RACH slot including RACH occasions and RACH frequency resources. 

Within each RACH slot, RACH can be transmitted in up to [8] RACH PRB allocations. The RACH PRB allocation is common to all RACH slots. A [3] bit field is required to indicate the number of RACH PRB allocations in a slot. Multiple RACH allocations are allocated consecutively in frequency in two PRB regions close to either edge of the band, hence two starting PRB locations in the frequency domain are required to indicate the start of each RACH region.
Proposal 8: Within a RACH slot there could be multiple RACH PRB allocations. The RACH PRB allocation is common to all RACH slots.
All RACH slots have the same starting symbol (already agreed in RAN1-90b), and all RACH slots have the same ending symbol. The starting symbol and ending symbol of the RACH slot is indicated by a 4-bit field for each. For example, for an UL slot, the starting symbol is 0, and the ending symbol is 13.
Proposal 9: All RACH slots have the same ending symbol.
The number of RACH preambles in a slot is given by:


If the RACH preamble duration exceeds the duration of a RACH slot (for example for some preamble formats of the long sequence), PRACH preamble is assigned to multiple consecutive slots.
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 (Table 2).
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.
4	Conclusion
The following proposals have been made regarding the PRACH preamble format design
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 Table 1.
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.
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