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1. Introduction
In last RAN1 90bis meeting, the following agreements were made regarding the RACH configuration,
	Agreements:

· For FDD, RACH resources can be mapped onto UL slots irrespective of the time locations of SS/PBCH block

Agreements:

· The slot duration for PRACH resource mapping for short preamble formats (i.e., L=139) is based on the RACH Msg1 numerology, i.e. SCS. 

· The slot duration for PRACH resource mapping for long preamble formats (i.e., L=839) is based on 15kHz SCS 

Agreements:

· 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.)

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 
Agreements:

· 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

Agreements:

· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block

· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid

· FFS: the rules (no RRC signalling involved in defining the rules)

· Also consider the DL/UL switching points

· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI

· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design


In this proposal, we discuss about detailed design of PRACH resource configuration.
2. Discussion on RACH configuration
2.1 On supported PRACH  format
In last RAN1 meeting, the following agreement regarding the PRACH format that can be configured is 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 
It is FFS that whether preamble formats other than format B4 can be configured separately from the package configuration of A and B. 
It is proposed to also support configure Format B1 only, since it can be used for indoor small cell deployment at least for below 6GHz single-beam based operation. If not supported, configuring combination of A1/B1 will increase the overhead.
	Preamble  format
	# of Sequence
	TCP
	TSEQ
	TGP
	Maximum Cell radius (meter)
	Use case

	B 1
	2
	192
	4096
	96
	469
	Small cell


Proposal 1: Support to configure Format B1 only within a RACH slot, in the case of a single PRACH occasion within a RACH slot.
2.2 Discussion on PRACH resource configuration and semi-static UL/DL assignment
In last meeting, it was agreed that when an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, rules will be defined to resolve the confliction.
Agreements:

· For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block

· In the case that an actually transmitted SS/PBCH block overlap with a RACH resource within a RACH configuration period, define rules for which RACH resources that are still valid

· FFS: the rules (no RRC signalling involved in defining the rules)

· Also consider the DL/UL switching points

· Also consider potential impact due to semi-static DL/UL configuration and/or dynamic SFI
· Note: RAN1 strives to minimize the impact of the time location of the SS/PBCH block to the RACH configuration table design

Regarding the relationship between RACH configuration design and semi-static DL/UL assignment, there are two alternatives for the design.
Alt 1: RACH resource is always confined within the UL resource indicated by cell-specific DL/UL assignment
Alt 2: RACH resource can be configured outside the UL resource indicated by cell-specific DL/UL assignment
Alt 1 provides simpler and cleaner system design, where confliction does not exist and thus no need for defining rules. 
For Alt 2, if the UL resource indicated by cell-specific DL/UL assignment are not long enough for PRACH transmission, the RACH resource may have to occupy unknown resources indicated by cell-specific DL/UL signaling, which will lead to conflicting with possible DL transmission. For the conflicting with SS blocks, since the SS block transmission are majorly used for cell coverage, so that its priority should be ensured. For other DL transmission, they can be deprioritized compared with PRACH. This criteria also works for the rules regarding dynamic SFI, i.e., dynamic SFI cannot override PRACH transmission.
Proposal 2: When RACH resource conflicts with actual transmitted SS block configured in RMSI, RACH transmission is dropped. When RACH resource conflicts with other DL transmissions, other DL transmissions are dropped.
2.3 On PRACH configuration table design
The PRACH transmission pattern given by the PRACH Config Index determines the exact transmission locations mapped in a PRACH configuration period. It is proposed that 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

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 , which is similar to the configuration of preamble format 4 in LTE, except that the number of consecutive RACH occasions in a slot is only 1 in LTE.

There are several advantages for such configuration in some cases.
Case 1: When Format 2 with long preamble is configured, the total duration is 3.5ms, which should occupy 4 slots in terms of 15KHz SCS. However, there can be some flexibility in its actual start position. If no additional GP is configured, the preamble will start from the 8th symbol of the first configured slot. Other wise, an additional GP can be indicated and the starting symbol can be accommodated accordingly.
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Fig.1 Format 2 configuration
An illustration of format 2 is presented in Fig. 1 and the corresponding configuration index in this case can be illustrated as follows,
	PRACH Config Index
	PRACH preamble format
	PRACH configuration periodicity
	System SFN number of the PRACH transmission
	Subframe number of the PRACH transmission
	RACH resource slot location(s) within the subframe
	Number of consecutive RACH occasions in a slot

	xx
	Format 2
	10ms
	Every
	Subframe9
	0
	1


Case 2: In case of configuration of preamble formats with short sequence in below 6GHz, where the preamble format does not need to occupy the whole slot.
An illustration of short preamble format is presented in Fig.2 and the corresponding configuration index in this case can be illustrated as follows. The starting symbol is then determined to be the 11th symbol of the corresponding slot.
[image: image2.png]1 S 1
/ Subframe Subframe \/SUbframe

15kHz
preamblel .
format





Fig.2 Format with short sequence configuration for below 6GHz

	PRACH Config Index
	PRACH preamble format
	PRACH configuration periodicity
	System SFN number of the PRACH transmission
	Subframe number of the PRACH transmission
	RACH resource slot location(s) within the subframe
	Number of consecutive RACH occasions in a slot

	xx
	Format B1
	20ms
	Every
	3,7, 11, 15, 19
	0
	1


Case 3: In case of configuration of preamble formats with short sequence in above 6GHz.

An illustration of short preamble format is presented in Fig.2 and the corresponding configuration index in this case can be illustrated as follows. The starting symbol is then determined to be the 4th symbol of the corresponding slot.
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Fig.3 Format with short sequence configuration for above 6GHz
	PRACH Config Index
	PRACH preamble format
	PRACH configuration periodicity
	System SFN number of the PRACH transmission
	Subframe number of the PRACH transmission
	RACH resource slot location(s) within the subframe
	Number of consecutive RACH occasions in a slot

	xx
	Format A2/B2
With 60KHz
	20ms
	Every
	Even subframe
	3
	2


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.
3. Conclusion
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.

