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Introduction
During RAN1 #90 bis, following agreements were made regarding RACH configuration[1]. 
Agreements:
· For FDD, RACH resources can be mapped onto UL slots irrespective of the time locations of SS/PBCH block
· 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
· The slot duration for PRACH resource mapping for short preamble formats (i.e., L=139) is based on the RACH Msg1 numerology, i.e. SCS. 
· The slot duration for PRACH resource mapping for long preamble formats (i.e., L=839) is based on 15kHz SCS 
· The pattern given by the PRACH Config Index repeats every RACH Configuration Period 
· The density and duration within each configuration period are FFS
· Including the possibility of in every slot
· RACH Configuration Period: 
· (working assumption) 10/20/40ms
· FFS 80ms/160ms
· FFS if the same values will be used for above and below 6GHz
· FFS the details in terms of how the pattern and configuration period are specified (e.g., via a table, via a formula, etc.)
· 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 
· NR at least supports RACH configuration that have the same starting symbol in all RACH slots
· Values of starting symbol: 0, 2
· FFS other values
· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block
· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid
· FFS: the rules (no RRC signalling involved in defining the rules)
· Also consider the DL/UL switching points
· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI
· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design

This contribution discusses remaining details on PRACH formats. A discussion about pattern of the slots that contain PRACH resource is included in [2]. A discussion about RACH preamble format for capacity enhancement is included in [3].
Discussion on RACH configuration
The parameters defined in RACH configuration in LTE are mainly used for time/frequency locations of RACH resource. In NR, to support flexible DL/UL configuration, new parameters would be needed in addition to those in LTE. 
Firstly, for RACH configuration in FDD, we can think table defined in LTE as a starting point. Table 1 shows the proposed RACH configuration in FDD when preamble format for long sequence is considered. In this table, we reuse values in LTE in case of preamble format 0 and 1 as these are the same as LTE. Similar to format 0 and 1, the time occasion of format 1 and 2 can be considered as represented in Table. 1 depending on its preamble length, where format 2 and format 3 are 3.35ms and 0.9ms, respectively. In NR, because of no definition of subframe index, we use slot number instead of subframe number.  
Table. 1 RACH configurations in FDD
	PRACH Configuration
Index
	Preamble
Format
	Periodicity 
	slot number, i=0,…,2^u
	PRACH Configuration
Index
	Preamble
Format
	Periodicity
	slot number,  i=0,…,2^u

	0
	0
	20ms
	1+10i
	32
	2
	20ms
	1+10i

	1
	0
	20ms
	4+10i
	33
	2
	20ms
	5+10i

	2
	0
	20ms
	7+10i
	34
	2
	10ms
	(1, 6) +10i

	3
	0
	10ms
	1+10i
	35
	2
	10ms
	(2, 7) +10i

	4
	0
	10ms
	4+10i
	36
	2
	10ms
	(3, 8) +10i

	5
	0
	10ms
	7+10i
	37
	2
	20ms
	9+10i

	6
	0
	10ms
	(1, 6) +10i
	38
	N/A
	N/A
	N/A

	7
	0
	10ms
	(2, 7) +10i
	39
	N/A
	N/A
	N/A

	8
	0
	10ms
	(3, 8) +10i
	40
	N/A
	N/A
	N/A

	9
	0
	10ms
	(1, 4, 7) +10i
	41
	N/A
	N/A
	N/A

	10
	0
	10ms
	(2, 5, 8) +10i
	42
	N/A
	N/A
	N/A

	11
	0
	10ms
	(3, 6, 9) +10i
	43
	N/A
	N/A
	N/A

	12
	0
	10ms
	(0, 2, 4, 6, 8) +10i
	44
	N/A
	N/A
	N/A

	13
	0
	10ms
	(1, 3, 5, 7, 9) +10i
	45
	N/A
	N/A
	N/A

	14
	0
	10ms
	(0, 1, 2, 3, 4, 5, 6, 7, 8, 9) +10i
	46
	N/A
	N/A
	N/A

	15
	0
	20ms
	9+10i
	47
	3
	20ms
	1+10i

	16
	1
	20ms
	1+10i
	48
	3
	20ms
	1+10i

	17
	1
	20ms
	4+10i
	49
	3
	20ms
	4+10i

	18
	1
	20ms
	7+10i
	50
	3
	20ms
	7+10i

	19
	1
	10ms
	1+10i
	51
	3
	10ms
	1+10i

	20
	1
	10ms
	4+10i
	52
	3
	10ms
	4+10i

	21
	1
	10ms
	7+10i
	53
	3
	10ms
	7+10i

	22
	1
	10ms
	(1, 6) +10i
	54
	3
	10ms
	(1, 6) +10i

	23
	1
	10ms
	(2 ,7) +10i
	55
	3
	10ms
	(2, 7) +10i

	24
	1
	10ms
	(3, 8) +10i
	56
	3
	10ms
	(3, 8) +10i

	25
	1
	10ms
	(1, 4, 7) +10i
	57
	3
	10ms
	(1, 4, 7) +10i

	26
	1
	10ms
	(2, 5, 8) +10i
	58
	3
	10ms
	(2, 5, 8) +10i

	27
	1
	10ms
	(3, 6, 9) +10i
	59
	3
	10ms
	(3, 6, 9) +10i

	28
	1
	20ms
	9+10i
	60
	3
	10ms
	(0, 2, 4, 6, 8) +10i

	29
	N/A
	N/A
	N/A
	61
	3
	10ms
	(1, 3, 5, 7, 9) +10i

	30
	N/A
	N/A
	N/A
	62
	3
	10ms
	(0, 1, 2, 3, 4, 5, 6, 7, 8, 9) +10i

	31
	N/A
	N/A
	N/A
	63
	3
	20ms
	9+10i



If periodicity larger than 10ms is configured, it should be predefined which 10ms duration is used for RACH transmission. For example, it can be defined that for larger 10ms periodicity, the RACH transmission occasion should be transmitted at the first 10ms for each periodicity.
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. 
For the preamble format for short sequence, the maximum length of preamble format is less than 1 ms. Thus the simplest way that assigns slot number per each preamble format is to reuse entries of format 0 represented in table 1. Table 2 shows an example on RACH configuration for short preamble format when packaged format of (A1/B1) and format of B4are considered. When we consider at least16 entries per preamble format of (A1/B1), (A2/B2), (A3/B3), (B4), (C0) and (C2), 96 entries are added on top of table. 1. Because B0 format which can be paired with A0 is not defined, A0 format can be assigned alone. When considering some reserves per each format, and further add the 40ms case, 8 bits RACH configurations are sufficient. Even we consider the special need of 80ms/160ms, we can design limited number of entries to satisfy the requirement, so that 8 bits might be enough as well.  

Table. 2 RACH configurations in FDD (short preamble format)
	PRACH Configuration
Index
	Preamble
Format
	Periodicity 
	slot number, i=0,…,2^u
	PRACH Configuration
Index
	Preamble
Format
	Periodicity 
	slot number, i=0,…,2^u

	65
	A1/B1
	20ms
	1+10i
	89
	B4
	20ms
	1+10i

	66
	A1/B1
	20ms
	4+10i
	90
	B4
	20ms
	4+10i

	67
	A1/B1
	20ms
	7+10i 
	91
	B4
	20ms
	7+10i

	68
	A1/B1
	10ms
	1+10i
	92
	B4
	10ms
	1+10i

	69
	A1/B1
	10ms
	4+10i
	93
	B4
	10ms
	4+10i

	70
	A1/B1
	10ms
	7+10i
	94
	B4
	10ms
	7+10i

	71
	A1/B1
	10ms
	(1, 6) +10i
	95
	B4
	10ms
	(1, 6) +10i

	72
	A1/B1
	10ms
	(2, 7) +10i
	96
	B4
	10ms
	(2, 7) +10i

	73
	A1/B1
	10ms
	(3, 8) +10i
	97
	B4
	10ms
	(3, 8) +10i

	74
	A1/B1
	10ms
	(1, 4, 7) +10i
	98
	B4
	10ms
	(1, 4, 7) +10i

	75
	A1/B1
	10ms
	(2, 5, 8) +10i
	99
	B4
	10ms
	(2, 5, 8) +10i

	76
	A1/B1
	10ms
	(3, 6, 9) +10i
	100
	B4
	10ms
	(3, 6, 9) +10i

	77
	A1/B1
	10ms
	(0, 2, 4, 6, 8) +10i
	101
	B4
	10ms
	(0, 2, 4, 6, 8) +10i

	78
	A1/B1
	10ms
	(1, 3, 5, 7, 9) +10i
	102
	B4
	10ms
	(1, 3, 5, 7, 9) +10i

	79
	A1/B1
	10ms
	(0, 1, 2, 3, 4, 5, 6, 7, 8, 9) +10i
	103
	B4
	10ms
	(0, 1, 2, 3, 4, 5, 6, 7, 8, 9) +10i

	80
	A1/B1
	20ms
	9+10i 
	104
	B4
	20ms
	9+10i

	81
	N/A
	N/A
	N/A
	105
	N/A
	N/A
	N/A

	82
	N/A
	N/A
	N/A
	106
	N/A
	N/A
	N/A

	83
	N/A
	N/A
	N/A
	107
	N/A
	N/A
	N/A

	84
	N/A
	N/A
	N/A
	108
	N/A
	N/A
	N/A

	85
	N/A
	N/A
	N/A
	109
	N/A
	N/A
	N/A

	86
	N/A
	N/A
	N/A
	110
	N/A
	N/A
	N/A

	87
	N/A
	N/A
	N/A
	111
	N/A
	N/A
	N/A

	88
	N/A
	N/A
	N/A
	112
	N/A
	N/A
	N/A


For long sequence, the “u” has one value, i.e., 0. But for short sequence, the value of ‘u’ has 4 values, {0,1,2,and 3} corresponding to the subcarrier spacing of data, {15,30,60, and 120}kHz, respectively. Thus, the density of RACH transmission increases as the subcarrier spacing increases. One example of the slot number for RACH transmission is scaled as represented by figure 1, i.e., the slot number of “1” is configured as the PRACH slot..



Figure. 1 Example of PRACH slot pattern according to SCS
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. 
Besides the information of available PRACH slots in every configuration periodicity, UE also needs to know the RACH slot structure, i.e., how many and which symbols in the slot are used to PRACH transmission. In last meeting, it was agreed that the starting symbol index can be 0 or 2. The reason why we consider two values of starting symbol index for RACH transmission is because sometimes PDCCH can be assigned at the beginning of slot. However, in FDD, there is no downlink signal within a slot, we can use fixed values, 0 or 2. In TDD, according to UL/DL configurations, there are three kinds of slots, DL only, UL only, and DL/UL mixed. In case of UL only slots, we can use fixed values of start symbol index, 0 or 2, but in case of mixed slot, we can not adopt the symbol index of 0.
 , For one simple solution, the PRACH transmission in each slot could be consecutive, then when UE knows the ending position of the all PRACH occasions or the number of PRACH occasions in one slot in addition to the information of aforementioned the starting position of first PRACH, UE can determines the all available PRACH occasions. Figure 2 shows an example when A1/B1 format is configured with ending symbol index.  

 
Figure. 2 Examples on preamble format configuration with ending symbol index
In this example, the ending symbol index is assumed as 8. Thus, when start symbol index is set to 0, the ending symbol index is set to 8 and then there are 4 RACH transmission occasions are 4 (A1/A1/A1/B1) from gNB perspective. Note that the ending symbol index will be set to 10(=2+8) in a slot where the starting symbol index is 2. 
Proposal 3: The RACH occasion in one PRACH slot is consecutive and the information of starting/ending position could be configured in the RMSI.  
In contrast to FDD, for TDD, some slots cannot be used for UL transmission. As a result, the RACH configuration should be different from that of FDD. One simple way is that for UL/DL configuration configured by gNB, the available UL slots in every RACH configuration periodicity (e.g., 10ms) can be obtained by UE. Assign virtual slot index to these available UL slots. Take following as an example. As shown in Fig. 3, the UL slots are slot (2, 3, 4, 7, 8, 9). Assign these UL slots with virtual index as (0, 1, 2, 3, 4, 5) and these virtual index are used to locate the RACH resources.



Figure 3. Virtual slot index configuration

Similar configuration with FDD can be used for TDD. Some configuration which is suitable for FDD may be not suitable for TDD. Meanwhile, new configurations may be added considering the property of TDD transmission. 
As for the special slots used for DL/UL switching, one simple way is that treating the special slots as available UL slots, and the starting symbol position is predefined for these slots.
 Proposal 4: For RACH configuration for TDD case, applying the virtual slot index to design the PRACH slot pattern in each configuration periodicity.
Conclusions
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.
References
[1] [bookmark: _Ref465706211]3GPP, RAN1 NR #90 bis, Chairman’s Notes
[2] [bookmark: _GoBack]R1-1720277, Remaining details on PRACH procedure, Samsung
oleObject1.bin
0



image2.emf
CP data CP data CP data CP data CP data CP data CP data CP data CP data CP data CP data CP data CP data CP data

A1/

B1

CP RACH RACH

1

st

slot

(a)

(b)

CP RACH RACH CP RACH

G

T

RACH

A1

CP RACH RACH CP RACH RACH CP RACH

G

T

RACH

CP RACH RACH

CP RACH RACH

Ending symbol 

position : 8

th

symbol

Ending symbol 

position : 10

th

symbol

A1 B1 A1

A1 A1 B1 A1


oleObject2.bin
CP



image3.emf
DL UL UL UL DL UL UL UL

0       1       2       3       4       5       6       7       8       9

0       1       2                      3       4       5

Actual slot 

index

Virtual slot 

index


oleObject3.bin
�

DL


UL


UL


UL


DL


UL


UL


UL


   0       1       2       3       4       5       6       7       8       9


   0       1       2                      3       4       5


Actual slot index


Virtual slot index



image1.emf
0

0

0

1 2 3 4 5 6 7 8 9

1

1

15kHz SCS

30kHz SCS

60kHz SCS

120kHz SCS

Slot 

number

0

11

11

21

31

1 11 21 31 41 51 61 71

10ms


