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Introduction
It was agreed in the RAN1 meeting #90bis for the following [1]:
Agreements:
· Confirm working assumption of cyclic shift values for preamble format 3
· Confirm working assumption, L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence
Agreements:
· For FDD, RACH resources can be mapped onto UL slots irrespective of the time locations of SS/PBCH block
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
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
Agreements:
· RACH PRB allocation is the PRBs allocated to RACH within a RACH slot
· NR supports the following numbers of subcarriers as guard band:
· Note: Generation of any additional guard band is up to gNB implementation

In this contribution, we considered and discussed design principles for PRACH for initial access for a beam-based approach in NR. Particularly, we discussed the remaining details and issues related to PRACH formats and designs.

Impact of SUL for PRACH configuration
One PRACH format should be configured for a cell. It is for further study regarding the impact of BWP and SUL. In this section, we considered the impact of SUL for PRACH configuration in terms of preamble, RAR receiving, and RACH occasion configuration. An important benefit of using SUL is the coverage enhancement of one cell. By using a SUL on lower frequency in a NR cell with a higher frequency carrier, the coverage of the NR cell can be enhanced. It has been agreed that the UE who has lower RSRP may select the SUL to start and finish the RACH procedure, which means that the UEs who are close to the cell edge may start the RACH procedure on SUL. The coverage of PRACH preamble transmitted on SUL can be further improved by selecting a suitable PRACH preamble format or subcarrier spacing (SCS). This should be configured in SUL PRACH configuration. 
Some company proposed that RA-RNTI should be a function of carrier index, in order to separate UEs transmitting preambles on SUL and UEs transmitting on NR UL. It may occur that a UE may select a preamble and transmits it on RACH occasion on NR UL, at the same time, another UE may select the same preamble, and transmits it on RACH occasion on SUL. The selected RACH occasion on NR UL and that on SUL may also have the same time index and frequency index. In this case, if RA-RNTI is just a function of time index and frequency index, then the two UE will obtain the same UL grant in the received RAR, and use the same UL resource to transmit Msg3, which results in collision. If RA-RNTI is a function of carrier index, UE will only decode the NR-PDCCH with correct RA-RNTI and receive the corresponding RAR associated with the RA-RNTI conveying the right carrier index. 
Considering that RA-RNTI has limited capacity, including carrier index in RA-RNTI may increase the size of RA-RNTI. Alternatively, the carrier index may be included in RAR content. After UE receives RAR, it can check whether the conveyed carrier index is matched to the carrier it selects. If so, the UE can send Msg3 using the granted UL resources. Otherwise, the UE can discard the received RAR. This approach does not require additional RA-RNTI.
Proposal 1: To support PRACH transmission on SUL or NR UL, carrier index can be embedded in RA-RNTI or included in RAR.

PRACH Preamble Format A within One Slot
In previous meeting, we have the agreement to support mixed format of format A and format B, in order to avoid the inter-symbol interference to the following uplink/downlink data receiving/transmitting at gNB/UE due to the zero-guard time of preamble format A. It is for further study whether to support a PRACH format taken from A0/A1/A2/A3 within a RACH slot. 

	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48
	1.56
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96
	3.13
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144
	4.69
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144
	4.69
	3,516
	Normal cell

	B
	1
	2
	216
	4096
	72
	96
	3.13
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144
	4.69
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144
	4.69
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144
	4.69
	3,867
	Normal cell

	C
	0
	1(2OS)
	1240
	2048
	1096
	144
	4.69
	5300
	Normal cell

	
	2
	4(6OS)
	2048
	8192
	2916
	144
	4.69
	9200
	Normal cell



Table 1: NR short sequence preamble formats (SCS = 15KHz)

As preamble format A doesn’t have guard time, it interferes the following uplink/downlink data receiving/transmitting at gNB. For example, one slot is configured with three RACH occasions with preamble format A2, and the first two symbols are reserved for PDCCH, as shown in Figure 1. Assume UE1, UE2 and UE3 select RACH occasions 1, 2 and 3 respectively to transmit the preamble. They may have different round trip time delays, as shown in Figure 2. When using preamble format A, the receiving of UE3’s preamble may conflict with the transmitting of PDCCH at gNB. In order to avoid the collision, some methods may be considered. One may be using the mixed format, which has been agreed. The other one is not to configure any RACH occasion at the last OFDM symbol. In the above example, if the last RACH occasion is not configured, as shown in Figure 3, the collision between UL PRACH receiving and DL PDCCH transmitting can be avoided. Another way may be that UE can be indicated whether the first OFDM symbol of next slot has NR-PDCCH present or is configured with search space/CORESET. A blank OFDM symbol can be used as the guard time for preamble format A, as shown in Figure 4. 



Figure1: PRACH, PDCCH and PUSCH relationship without round time delay, where the preamble format is A2. PUSCH is frequency multiplexed with PRACH.




Figure2: PRACH, PDCCH and PUSCH relationship in time domain with round time delay.





Figure3: PRACH, PDCCH and PUSCH relationship without round time delay, where the preamble format is A2.





Figure 4: Preamble format A2 with a blank OFDM symbol as guard time.

Proposal 2: NR supports PRACH preamble format A transmission within one slot.

Conclusions
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.
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