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1. Introduction
At the RAN1#89 meeting, NR PRACH preamble format details especially for long sequence length were discussed and following agreements and working assumption were reached [1]. Also, RAN1 concluded email discussion on PRACH preamble formats for short sequence length [2].
	Agreements:
· NR supports PRACH preamble formats 0 and 1 for the sequence length of 839.
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Working assumption:
· NR supports PRACH preamble format indicated in the table below for the sequence length of 839
· FFS on restricted set
· FFS other sequence(s) for large cell radius
[image: ]

Agreements:
· Introduce a PRACH preamble format that provides 3dB MCL gain compared to LTE PRACH preamble format 2.
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Conclusions:
· Continue study on necessity support RACH preamble sequence that is more resilient to frequency offsets and supports larger cell radius than the Zadoff-Chu sequence until next meeting
· Potential sequences as listed in R1-1704144

Agreements:
· For L = 839, NR at least supports subcarrier spacing of:
· 1.25 kHz
· FFS: which one of 2.5 kHz or 5 kHz will be supported

Agreements:
· For the shorter sequence length than L=839, NR supports sequence length of L = 127 or 139 with subcarrier spacing of {15, 30, 60, 120}kHz
· Note: this is based on the assumption that 240 kHz subcarrier spacing is not available for data/control
· FFS: 7.5 kHz subcarrier spacing

Conclusion:
· Use proposals in R1-1709767 as a starting point for evaluation until next meeting
· Companies to provide tables of supported preamble formats with SCS/CP/GP and support cell ranges on the reflector by June 9th – Jan (ZTE)



In this contribution, we provide our views on remaining issues of PRACH preamble format for long sequence length, e.g. restricted set and other sequence type. Also, we show our proposal on PRACH preamble format details for short sequence length based on the email discussion [2].

2. PRACH preamble format details for long sequence length

2.1. High speed scenario
At the RAN1#89 meeting, PRACH preamble format design for high speed scenario was agreed as shown in Table.I. Maximum cell radius derived from the GP length of this format is about 14km and can be shorter depending on restricted set of cyclic shift. 
Table I – NR PRACH preamble format for high speed scenario with limitation of coverage
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In LTE, in the case of restricted set A, maximum cell radius is about 33km. From operator perspective, even in high speed case such as maglev train, it is desirable that NR supports PRACH format for maximum cell radius as wide as in LTE for LTE refarming and cell deployment design, e.g., saving equipment cost and flexible deployment, at least for lower frequency band, e.g., below 1GHz. 
 First option to realize above is to support restricted set A as in LTE. Assuming carrier frequency of 1GHz and UE speed of 500km/h, maximum frequency offset by Doppler frequency shift including the offset in DL synchronization is about 925 Hz. For example, LTE format 1 or 3 based on restricted set A can cover this frequency offset and realize maximum cell radius of about 33km.
 Another option is to support new sequence type, e.g., Cyclic delay-Doppler shifted M-sequence. However, we may have a concern in terms of high PAPR, possible increased complexity of gNB implementation and scheduling, i.e., preamble with M-sequence has different preamble bandwidth from that with Zadoff-Chu sequence due to different sequence length of M-sequence.
Proposal 1: NR supports PRACH preamble format which cover maximum cell radius of 33km and UE speed of 500km/h at least for below 1GHz bands.

3. PRACH preamble format details for short sequence length
3.1. Sequence length of Zadoff-Chu sequence
RAN1 agreed to support NR-PRACH sequence length of 839 as long sequence length and will downselect from sequence length of 127 and 139 as short sequence length. The motivation of sequence length of 127 is to adopt Zadoff-Chu sequence with M-sequence cover extension. However, Zadoff-Chu sequence with M-sequence cover extension has PAPR issue. Thus, we propose to focus on pure Zadoff-Chu sequence [3]. Also in terms of bandwidth, NR-PRACH with sequence length of 839 and SCS of 1.25*N kHz has transmission bandwidth about 1.08*N MHz. Similar to this, NR-PRACH with sequence length of 139 and SCS of 7.5*N kHz has transmission bandwidth about 1.08*N MHz. On the other hand, NR-PRACH with sequence length of 127 has slightly different bandwidth. It may cause some complex design for RACH resource/occasion. In addition, there should be no significant performance difference between sequence length 127 and 139 if pure Zadoff-Chu sequence is used for PRACH. Therefore, we prefer 139 for further down selection.
Proposal 2: NR should support sequence length of 139.

3.2. Proposed NR PRACH preamble formats for short sequence length
We consider that the amount of time resource allocation for PRACH preamble format, i.e. corresponding to how many data symbol duration, is important factor for the down-selection of PRACH preamble format. In order to avoid complexity of scheduling, time duration of PRACH preamble format should be aligned with integer multiple of OFDM symbol length for data with the same SCS with the PRACH preamble. Note that SCS of PRACH preamble is not necessarily the same with SCS of data.
We can consider two important use cases. First, PRACH preamble can be transmitted within the slot in which SS block(s) exist. For example, assuming SCS of SS block is 15/120 kHz and the number of SS block is 8/64, SS blocks are transmitted in every slot during 4ms within 5ms window for SS burst set. If there is no preamble format which fit into available resources within the slot in which SS block(s) exist, there is no possible RACH occasion during 4ms in above example case, and it leads long random access delay. Fig.1 shows example of SCS of 15 kHz for SS block and data. In such case, PRACH preamble format fitting into 2 symbols duration for data with SCS of 15 kHz is needed in order to transmit PRACH preamble within the slot in which SS block(s) exist. Also, we can consider preserving at least some part of DL control region in a slot where PRACH resource is allocated. If PRACH preamble occupies all symbols in a slot, DL control cannot be transmitted within the slot. It may be beneficial to preserve such DL control region in every slot since possible SS block position also avoids some part of DL control region as well as UL control region in a slot.
[bookmark: _GoBack]Proposal 3: Time duration of PRACH preamble for short sequence length should be aligned with integer multiple of OFDM symbol length for data with the same SCS with the PRACH preamble.

Proposal 4: NR should support the number of OFDM symbols such that time duration of PRACH preamble matches at least following use cases. 
· PRACH transmission within the slot in which SS block(s) exist, e.g., N_OS is 1
· PRACH transmission with preserving some DL control region in  a slot, e.g., N_OS is 11
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Figure.1: Example of slot in which SS block(s) exist
15 kHz SCS (SSB/data)

Following tables show our proposal on NR PRACH preamble formats for short sequence length with respective SCS and use case description are below in case of SCS of 15 kHz. The other SCS is scaled based on SCS of 15 kHz.

Table II – NR PRACH preamble formats for short sequence length with SCS of 15kHz
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S15-1
	15 
	1 
	1 
	2048
	1248
	1088

	S15-2 
	15 
	2 
	1 
	4096
	1320
	1160

	S15-4 
	15 
	4 
	1 
	8192
	1464
	1304

	S15-11 
	15 
	11 
	1 
	22528
	1976
	1816



S15-1: 
· Maximum cell radius: 5.3km is derived from the GP length
· Delay spread: up to 5us
· MCL: 131dB
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz
· Scenario: RACH resource allocation with 2*2^n data symbol duration based on 15*2^n kHz SCS

S15-2: 
· Maximum cell radius: 5.6km is derived from the GP length
· Delay spread: up to 5us
· MCL: 134dB
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz
· Scenario: RACH resource allocation with 3*2^n data symbol duration based on 15*2^n kHz SCS. 
For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.

S15-4: 
· Maximum cell radius: 6.3km is derived from the GP length
· Delay spread: up to 5us
· MCL: 137dB
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz
· Scenario: RACH resource allocation with 5*2^n data symbol duration based on 15*2^n kHz SCS. 
For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.

S15-11: 
· Maximum cell radius: 8.8km is derived from the GP length
· Delay spread: up to 5us
· MCL: 141dB
· Maximum UE speed: 60km/h
· Carrier frequency: below 6GHz
· Scenario: RACH resource allocation with 12*2^n data symbol duration based on 15*2^n kHz SCS. 
For TRP Rx beam sweeping case and coverage improvement by accumulation of OFDM symbols.


Table III – NR PRACH preamble formats for short sequence length with SCS of 30kHz
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S30-1 
	30
	1 
	1 
	1024
	624
	544

	S30-2 
	30
	2 
	1 
	2048
	660
	580

	S30-4 
	30
	4 
	1 
	4096
	732
	652

	S30-11 
	30
	11 
	1 
	11264
	988
	908



Table IV – NR PRACH preamble formats for short sequence length with SCS of 60kHz
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S60-1 
	60
	1 
	1 
	512
	312
	272

	S60-2 
	60
	2 
	1 
	1024
	330
	290

	S60-4 
	60
	4 
	1 
	2048
	366
	326

	S60-11 
	60
	11 
	1 
	5632
	494
	454



Table V – NR PRACH preamble formats for short sequence length with SCS of 120kHz
	Format 
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	T_GP (Ts) 

	S120-1 
	120
	1 
	1 
	256
	156
	136

	S120-2 
	120
	2 
	1 
	512
	165
	145

	S120-4 
	120
	4 
	1 
	1024
	183
	163

	S120-11 
	120
	11 
	1 
	2816
	247
	227



In terms of PRACH preamble format indication, PRACH preamble formats/configurations including format index should be classified in different groups at least for below 6GHz bands and for above 6GHz bands since some of formats/configurations would clearly target specific frequency range. In other words, PRACH preamble format/configuration index in RACH configuration for different frequency range should correspond to different preamble format design so that format indication overhead can be reduced.
Proposal 5: PRACH preamble formats/configurations should be classified in different groups at least for below 6GHz bands and for above 6GHz bands.

4. Conclusion
In this contribution, we discussed on PRACH preamble format details for long/short sequence length for NR and provided our view and proposal on the list of preamble formats. We made the following proposals. 
Proposal 1: NR supports PRACH preamble format which cover maximum cell radius of 33km and UE speed of 500km/h at least for below 1GHz bands.
Proposal 2: NR should support sequence length of 139.
Proposal 3: Time duration of PRACH preamble for short sequence length should be aligned with integer multiple of OFDM symbol length for data with the same SCS with the PRACH preamble.
Proposal 4: NR should support the number of OFDM symbols such that time duration of PRACH preamble matches at least following use cases. 
· PRACH transmission within the slot in which SS block(s) exist, e.g., N_OS is 1
· PRACH transmission with preserving some DL control region in  a slot, e.g., N_OS is 11
Proposal 5: PRACH preamble formats/configurations should be classified in different groups at least for below 6GHz bands and for above 6GHz bands.
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