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Introduction
The following agreements were made for NR RACH preamble design in RAN1:
	RAN1 NR#3 [1]
Agreements:
· For format 2, same cyclic shift values as for format 0 and 1 are used
Working assumption:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence
Agreements:
· Use one common table for cyclic shift (Ncs) values for short sequence based PRACH formats for all SCS
· Alt 1: The number of cyclic shift values is up to 16 values represented by 4 bits
· Alt 2: The number of cyclic shift values is up to 8 values represented by 3bits
· Down-selection to be done this week. In addition, to come up with the actual set of values
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols



RAN1 NR#3 [1]
Agreements:
· For format 3, use table below. 
· The values in red are working assumption
	ZeroCorrelationZoneConfig
	Sequence length 839, SCS = 5KHz

	
	Unrestricted
	Restricted set type A
	Restricted set type B

	0
	0
	36
	36

	1
	13
	57
	57

	2
	26
	72
	60

	3
	33
	81
	63

	4
	38
	89
	65

	5
	41
	94
	68

	6
	49
	103
	71

	7
	55
	112
	77

	8
	64
	121
	81

	9
	76
	132
	85

	10
	93
	137
	97

	11
	119
	152
	109

	12
	139
	173
	122

	13
	209
	195
	137

	14
	279
	216
	-

	15
	419
	237
	-


Agreements:
· Restricted set is not supported for NR PRACH preamble based on short sequence length
· Use one common table for cyclic shift (Ncs) values for short sequence based PRACH formats for all SCS
· The number of cyclic shift values is up to 16 values represented by 4 bits, the following table is adopted

	ZeroCorrelationZoneConfig
	Ncs values

	0
	0

	1
	2

	2
	4

	3
	6

	4
	8

	5
	10

	6
	12

	7
	13

	8
	15

	9
	17

	10
	19

	11
	23

	12
	27

	13
	34

	14
	46

	15
	69




	RAN1#90 [1]
Agreements:
· For NR PRACH preamble L=839 with SCS = 1.25 kHz, Ncs restricted set type B is supported in addition to restricted set type A
· For NR PRACH preamble L=839 with SCS 5kHz, Ncs restricted set type A and type B are supported
Agreements:
· At least confirm the working assumption for preamble formats A1, B1, B2, B3
· Not define preamble format B0
· Change TCP value from 192 to 216 and TGP value from 96 to 72 for format B1
Agreements:
· RACH preamble formats with L = 839 is not supported in over-6 GHz band, and is supported in below-6 GHz
· For short sequence (L = 127/139) based preamble formats, RACH transmission at over-6 GHz band
· supports 60 and 120 kHz subcarrier spacing, and 
· does not support 15 and 30 kHz subcarrier spacing
· For short sequence (L = 127/139) based preamble formats, RACH transmission at below-6 GHz band
· supports 15 and 30 kHz subcarrier spacing, and 
· does not support 60 and 120 kHz subcarrier spacing
Agreements:
· Preamble formats for PRACH with short sequence length support preamble formats A0, C0 and C2 in addition to the agreed formats A1, A2, A3, B1, B2, B3 and B4
	Preamble format
	# of seq.
	TCP
	TSEQ
	TGP
	Path profile (Ts)
	Path profile (us)
	Max cell radius (m)
	Use case

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

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


Agreements:
· Same cyclic shift values as defined in LTE is applied for NR PRACH preamble format 0 and 1.
· FFS: Whether same cyclic shift values as defined in LTE can be applied for NR PRACH preamble format 2 and 3, considering parameters (e.g. delay spread, guard time, filter length, etc.)



In this contribution we further discuss the sequence length for RACH preamble formats using short sequence, cyclic shift value and configuration of NR RACH preamble. In our companion contribution [3], we study the NR 4-step RACH procedures.

Discussion

Sequence length for RACH preamble formats using short sequence
In NR#3, the working assumption of sequence length for the RACH Preamble Formats using the short sequence is as follows:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

Motivation to have 127 instead of 139 is to adopt Zadoff-Chu (ZC) sequence with m-sequence to increase PRACH capacity. However, it is undecided on whether m-sequence will be adopted to increase PRACH capacity in Rel-15. ZC sequence with m-sequence has PAPR issue. In addition, comparing 139 with 127, there will be more preamble sequence with the same cyclic shifts (Ncs) value. Therefore, we prefer to confirm working assumption of L = 139 for the short PRACH preamble sequence.
Proposal 1: Confirm working assumption of L = 139 for the short PRACH preamble sequence.

Cyclic shift value for long PRACH preamble format 3
In NR#3, the cyclic shifts for format 3 in Table 1 were agreed, where the values in red are working assumption (13 for unrestricted set, and 36 for restricted set type A and B).
For NR PRACH preamble format 3 with L=839 and SCS =5 kHz, the max cell coverage R can be calculated as follows:
R = c* ( (Ncs -ng)* T_SEQ_eff / Nzc - Delay)/2,                             (1)
where ng=2 is the filter length, Nzc=839 is the length of preamble sequence, Delay is the assumed maximum delay spread that depends actually on the max cell coverage R, c = 3.0e8 (m/s), T_SEQ_eff = T_SEQ/N_OS is the effective time duration, where T_SEQ = 4*6144*Ts and N_OS=4, Ncs is the cyclic shift value from Table 1.  
As shown in Equ.(1), the calculated max cell coverage R depends on the assumed maximum delay spread Delay, and the maximum delay spread Delay depends on calculated max cell coverage R. That is, there is a mutual dependence between the max cell coverage R and the assumed the maximum delay spread Delay. To break up the mutual dependence, a fixed Delay value can be used to calculate the max cell coverage R, and then use the calculated R to see if the assumed Delay is a reasonable assumption. In general, the assumed Delay should be no less than 0 and no larger than the max cell coverage R.
For example, as shown in Table 1, when Delay = 5.2 us is assumed for Ncs = 13 for unrestricted set, the calculated max cell coverage R is a negative number, and thus Delay = 5.2 us is not a valid assumption for the calculation of the max cell coverage. 
For small cell coverage (e.g., <400m), it is readable to limit the maximum delay spread to zero, i.e., Delay= 0, with this condition, Equ. (1) can be modified as 
R = (c* ( (Ncs -ng)* T_SEQ_eff / Nzc)/2,  with Delay=0                                                              (2)
With above assumption, the maximum cell coverage supported with Ncs =13 is 390 m as shown in Table 2.  
With less value of Ncs, the number of PRACH preamble sequences per root will be much larger. Therefore, we confirm the working assumption of Ncs value for the long PRACH preamble format 3.
Proposal 2: Confirm working assumption of Ncs value (13 for Unrestricted set, and 36 for Restricted set type A and B ) for the long PRACH preamble format 3.

Table 1. Ncs for preamble generation in NR PRACH preamble format3 with ng =2
	ZeroCorrelation-ZoneConfig
	Sequence length 839, SCS = 5KHz

	
	Unrestricted
	R (km) with Delay = 1.3us
	R (km) with Delay = 5.2us
	Restricted set type A
	R (km) with Delay = 1.3us
	R (km) with Delay = 5.2us
	Restricted set type B
	R (km) with Delay = 1.3us
	R (km) with Delay = 5.2us

	0
	0
	—
	—
	36
	1.02
	0.44
	36
	1.02
	0.44

	1
	13
	0.2
	—
	57
	1.77
	1.19
	57
	1.77
	1.19

	2
	26
	0.66
	0.08
	72
	2.31
	1.72
	60
	1.88
	1.29

	3
	33
	0.91
	0.33
	81
	2.63
	2.04
	63
	1.99
	1.4

	4
	38
	1.09
	0.51
	89
	2.92
	2.33
	65
	2.06
	1.47

	5
	41
	1.2
	0.61
	94
	3.1
	2.51
	68
	2.17
	1.58

	6
	49
	1.49
	0.9
	103
	3.42
	2.83
	71
	2.27
	1.69

	7
	55
	1.7
	1.12
	112
	3.74
	3.15
	77
	2.49
	1.9

	8
	64
	2.02
	1.44
	121
	4.06
	3.48
	81
	2.63
	2.04

	9
	76
	2.45
	1.87
	132
	4.45
	3.87
	85
	2.77
	2.19

	10
	93
	3.06
	2.47
	137
	4.63
	4.05
	97
	3.2
	2.62

	11
	119
	3.99
	3.4
	152
	5.17
	4.58
	109
	3.63
	3.05

	12
	139
	4.7
	4.12
	173
	5.92
	5.33
	122
	4.1
	3.51

	13
	209
	7.21
	6.62
	195
	6.71
	6.12
	137
	4.63
	4.05

	14
	279
	9.71
	9.13
	216
	7.46
	6.87
	-
	
	

	15
	419
	14.72
	14.13
	237
	8.21
	7.62
	-
	
	



Table 2. Ncs for preamble generation in NR PRACH preamble format3 with ng =2
	ZeroCorrelation-ZoneConfig
	Sequence length 839, SCS = 5KHz

	
	Unrestricted
	R (km) with Delay = 0us
	R (km) with Delay = 1.3us
	R (km) with Delay = 5.2us

	0
	0
	—
	—
	—

	1
	13
	0.39
	0.2
	—



PRACH Configuration 
PRACH configuration is included in the RMSI and contains all of the necessary information for a UE to perform random access. For Contention base RA, when a UE receives the PRACH configuration information in RMSI, it is able to transmit PRACH preamble on the assigned time and frequency resource by randomly choosing one of preamble in a preamble set within the PRACH configuration. Necessary information that has to be included in the PRACH configuration is listed as follows.
1) Time allocation: E.g., frame number, and slot index within frame, start position within slot (OFDM symbol index);
2) Frequency allocation: This can be signalled in terms of BWP information, e.g. BWP index, RB index;
3) Preamble format: This can be given in a list of possible NR-RACH preamble formats including SCS;
4) Root sequence: Value between 0 and length of Zadoff-Chu sequence minus one;
5) Cyclic shift configuration: The amount of cyclic shift of root sequence can be given;
6) Associated SS block index;
7) Information on whether restricted sets is used or not;
8) The number of PRACH preambles in a cell.
For Association of  SS block index with PRACH resource, the following method can be used:
The mapping from N= L * Q NR-RACH preambles in a cell to L number of actual transmitted SS-blocks is done by consecutively map Q NR-RACH preambles to each SS-block, where Q is the number of preambles corresponding to a SS-block.
Proposal 3: 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 in a cell.
Proposal 4: The mapping from N= L * Q NR-RACH preambles in a cell to L number of actual transmitted SS-blocks is done by consecutively map Q NR-RACH preambles to each SS-block.

Pattern of PRACH slots
In NR#3, the agreements and FFS points of the pattern of the slots that contain PRACH resource(s) are as follows:
Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g., 5/10/20ms
· FFS pattern
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS numerology of the slot e.g., SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g., to handle the case of CORESET monitoring, in the 2/4/7 symbols
1) Time interval
For time interval of the pattern of the slots that contain PRACH resources, two options can be considered as follows:
Option 1: One interval (e.g., 5ms). 
Option 2: Multiple intervals for long / short sequence (e.g., 10 ms for long sequence as in LTE; 5ms for short sequence). 
For L = 839 ZC sequence in LTE, the time interval of PRACH preamble is 10 ms and 20ms for FDD, and 10ms for TDD. Comparing NR with LTE, there will be more frequency resource available for PRACH. Therefore, 10ms will be better than 20 ms as the result of less signalling overhead. Furthermore, as 3.5 ms duration is agreed for PRACH preamble format 2 in NR, the time interval should be larger than 3.5ms. With a shorter interval, the delay will be shorter; while with a longer interval: signalling overhead to indicate PRACH resource will be higher. Configuration period can be defined as 5ms/half frame. Comparing with LTE, the RACH time resource granularity is smaller as results of larger SCS. Considering the overhead of signalling, the time interval can be smaller than that in LTE. Considering that the SS bursts occur only in 5ms, option 1 with 5ms is a suitable time interval for PRACH resource configuration.
Proposal 5: NR defines the pattern of the slots that contain PRACH resource(s) into a time interval of 5 ms for long and short PRACH sequences.
For whether RACH resources within a slot are consecutive or not, two Alts can be considered.
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g., to handle the case of CORESET monitoring
The pros of Alt 1 is the larger RACH capacity in a slot than Alt 2. The cons of Alt 1 is that the scheduling delay is larger than that in Alt 2, since the whole slot is used for PRACH preamble and the data and control channel will be delayed to the next slot. The pros of Alt 2 is the larger capacity of DL control channel and reduced processing latency. The cons of Alt 2 is reduced RACH time resource and RACH capacity in a slot. However, in order to support all 10 PRACH preamble format A/B/C in a slot, which have the time duration of 1/2/4/6/12 OFDM symbols, the number of OFDM symbols reserved for handle the case of CORESET monitoring should be limited, e.g., 2. Therefore, both Alt 1 and Alt 2 should be supported.
Proposal 6: Both Alt 1 and Alt 2 should be supported, and the number of OFDM symbols reserved for Alt 2 to handle the case of CORESET monitoring should be limited, e.g.,2.
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g., to handle the case of CORESET monitoring, 

2) Indication of RACH resource: 
A bit map is used to identify the RACH slots and /or OFDM symbols over the RACH slot pattern period. 
The total number of OFDM symbols within 20 ms depends on the subcarrier spacing (SCS), with SCS of 120 KHz, the number of OFDM symbols in 20 ms is: 20 (subframes) x 8 (8 slots per subframe) * 14 (14 OFDM symbols per slot) = 2240. Having a 2240 bits bitmap to identify RACH symbol is not feasible. Therefore, some compression method is required to reduce the bit map size and provide sufficient flexibility to deal with different use cases. For three-stage bit map, there are two options as follows:
Option 1 (OFDM-symbol level): 5ms->slot->OFDM symbol (for different SCS)
Level 1 is a bit map for each 5ms period within the RACH slot pattern period of 20ms. A bit will indicate whether there are RACH slots in a 5ms period or not. This field requires 4 bits for 20ms.
Level 2 is a bit map for each slot within a 5 ms window. This field requires a maximum of 40 bits (for 120 KHz SCS).
Level 3 is a bit map for each OFDM symbols within a slot. Thus a total of 58 bits are needed to indicate a RACH resource. This field requires 14 bits.
Thus a total of 58 bits are needed to indicate a RACH resource, which is illustrated in Figure 1.
Option 2 (Slot level): 5ms->1ms (subframe)->slot.
Figure 1 shows how RACH resources are identified for option 1 and option 2.
The pros of option 1 is more flexible configuration. In option 1, the mixture usage of preamble and data in a same slot can be supported. The cons of option 1 is that OFDM-symbol level configuration: overhead of signalling is higher. The pros of option 2 lie in that reasonable signaling overhead is guaranteed for the configuration of PRACH resource. If the granularity is less than 1 slot, the remaining OFDM symbols inside a slot may not be used properly. Therefore, option 1 is preferred.

Proposal 7: NR should support multiple-level bitmapping for RACH resource configuration (5ms->slot->OFDM symbol for different SCS) as shown in Option 1 in Figure 1, where  
· Level 1 is a bitmap of 5ms intervals for a period of RACH resource configuration pattern. Each bit indicates whether there are RACH slots included in a 5ms time interval.
· Level 2 is a bitmap of slots for a period of 5ms time interval. Each bit indicates whether there are RACH symbols within the slot.
· Level 3 is a bit map of RACH symbols for a RACH slot. Each bit indicates where there are RACH resource allocated for the OFDM symbol. 
A total of 58 bits are needed to indicate a RACH resource for the Option 1.


 
Figure 1. Identification of RACH resource

3) Pattern of PRACH slot:
PRACH pattern design can be similar to the SS-block pattern, with the following two options:
· Option 1: PRACH resource can only be located in a duration of 5ms without SS-block (TDM with SS-block).
· Option 2: PRACH resource can not only be located in a duration of 5ms without SS-block (TDM with SS-block), but also in the SS-block duration (including OFDM symbols that are not occupied by SS-blocks within 5 ms, which is illustrated in Figure 2.)
Option 2 can be supported as more PRACH resources and less RACH delay can be achieved 
Proposal 8: NR supports the following RACH pattern for short sequence formats, i.e., the RACH resources are configured to the OFDM symbols, which are not used for SS Block transmission, within an SS Block slot.
[image: ] 
Figure 2. Example of slot in which SS block(s) with SCS of 15 kHz (SSB/ PRACH resource)

For one cell, it is proposed to configure just one PRACH format with an exception for format A and format B. Format A and format B can be configured for the same cell as a package but there can be a rule how to locate format A or format B inside the configured PRACH resource. 
Mapping of RACH preamble formats to RACH resources within a RACH slot
· Alt1: Only one format (e.g., only A)
· Alt2: More than one format (e.g., A and B)
The Pros of Alt 1 is that the FFT block with the uplink data can be used at the same time. The cons is that it may introduce inter-symbol interference between PRACH and following channels if no extra preamle is used for GT. The pros of Alt 2 is that format B is beneficial from the perspective of avoiding inter-symbol interference between PRACH and following channels. The time resource can be used effiently. The cons of Alt 2 is that it cannot use the FFT block with the uplink data at the same time.  Furthermore, the maximum cell radius of fomrat B is reduced as the less duration of CP and GT compared to format A.

Proposal 9: NR supports both of the following two alternatives for the mapping of RACH preamble formats to RACH resources within a RACH slot: 
· Alt1: A PRACH slot contains only PRACH format A;
· Alt2: A PRACH slot contains both PRACH format A and B. Format B is only configured as the last format in the slot. 

For the beginning OFDM symbol in a slot of short sequence based PRACH preamble format, there are following two options:
Option 1: The beginning OFDM symbol index in a slot is 0, e.g., PRACH preamble format starts form the first OFDM symbol in a slot.
Option 2: The beginning OFDM symbol index in a slot is n, e.g., PRACH preamble format starts form the (n+1)th OFDM symbol in a slot, where n is positive integer, e.g., 2.
For option 1, more PRACH format can be used in a slot and the reserve OFDM symbols in a slot for some preamble formats can be used as GT to prevent the ISI interference. For option 2, the DL control channel can be located in the first n OFDM symbols, and higher scheduling flexibility can be achieved. Therefore, both option 1 and option 2 should be supported in NR, by the means of defining n={0, 2}. Table 3 and Table 4 show the number of preamble formats in a slot with n OFDM symbols reserved for DL control channel with n = 0 and 2, respectively.
Table 3. Number of preamble formats in a slot with 0 OFDM symbol reserved for DL control channel (n =0)
	Format (Number of repeated sequence / OFDM symbols in a format)
	Number of preamble formats in a slot
	Number of preamble formats (mixed) in a slot

	A0（1）
	14 A0
	——

	A1（2）
	7 A1
	6 A1+1 B1

	A2（4）
	3 A2
	2 A2 + A B2

	A3 （6）
	2 A3
	1 A3+1 B3

	B1 （2）
	7 B1
	——

	B2 （4）
	3 B2
	——

	B3 （6）
	2 B3
	——

	B4 （12）
	1 B4
	——

	C0 （1）
	9 C0
	——

	C2 （4）
	2 C2
	——



Table 4. Number of preamble formats in a slot with 2 OFDM symbol reserved for DL control channel (n=2)
	Format (Number of repeated sequence / OFDM symbols in a format)
	Number of preamble formats in a slot
	Number of preamble formats (mixed) in a slot

	A0（1）
	12 A0
	——

	A1（2）
	6 A1
	5 A1+1 B1

	A2（4）
	3 A2
	2 A2+1 B2

	A3 （6）
	2 A3
	1 A3+1 B3

	B1 （2）
	6 B1
	——

	B2 （4）
	3 B2
	——

	B3 （6）
	2 B3
	——

	B4 （12）
	1 B4
	——

	C0 （1）
	8 C0
	——

	C2 （4）
	2 C2
	——



Proposal 10: NR supports reserving n symbols for DL control channel at the beginning of a RACH slot with short PRACH preamble sequence, where n can be configured as {0 or 2} OFDM symbols.


Conclusion
This paper investigates the sequence length for RACH preamble formats using short sequence, cyclic shift value and configuration of NR RACH preamble. We have the following proposals:
Proposal 1: Confirm working assumption of L = 139 for the short PRACH preamble sequence.
Proposal 2: Confirm working assumption of Ncs value (13 for Unrestricted set, and 36 for Restricted set type A and B) for the long PRACH preamble format 3.
Proposal 3: 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 in a cell.
Proposal 4: The mapping from N= L * Q NR-RACH preambles in a cell to L actual transmitted SS-blocks is done by consecutively mapping Q NR-RACH preambles to each of the actual transmitted SS-blocks.
Proposal 5: NR defines the pattern of the slots that contain PRACH resource(s) into a time interval of 5 ms for both long and short PRACH sequences.
Proposal 6: Both of the following two alternatives should be supported, and the number of OFDM symbols reserved in Alt 2 to handle the case of CORESET monitoring should be limited, e.g., 2. 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g., to handle the case of CORESET monitoring
Proposal 7: NR should support multiple-level bitmapping for RACH resource configuration (5ms->slot->OFDM symbols for different SCS) as shown in Option 1 in Figure 1, where 
· Level 1 is a bitmap of 5ms intervals for a period of RACH resource configuration pattern (20ms). Each bit indicates whether there are RACH slots included in a 5ms time interval.
· Level 2 is a bitmap of slots for a period of 5ms time interval. Each bit indicates whether there are RACH symbols within the slot.
· Level 3 is a bit map of RACH symbols for a RACH slot. Each bit indicates where there are RACH resource allocated for the OFDM symbol. 
A total of 58 bits are needed to indicate a RACH resource for the Option 1.


 
Figure 1. Identification of RACH resource
Proposal 8: NR supports the following RACH resource pattern for short sequence formats, i.e., the RACH resources are configured to the OFDM symbols, which are not used for SS Block transmission, within an SS Block slot. 

[image: ]
Proposal 9: NR supports both of the following two alternatives for the mapping of RACH preamble formats to RACH resources within a RACH slot: 
· Alt1: A PRACH slot contains only PRACH format A;
· Alt2: A PRACH slot contains both PRACH format A and B. Format B is only configured as the last format in the slot. 
Proposal 10: NR supports reserving n symbols for DL control channel at the beginning of a RACH slot with short PRACH preamble sequence, where n can be configured as {0 or 2} OFDM symbols.
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