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1. Introduction
At the RAN1 #90 meeting, remaining issues of NR PRACH preamble format for long and short sequence length were discussed. Following agreements were reached [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 provide our views on remaining issues of PRACH preamble format for long and short sequence length.

2. The need of additional PRACH preamble format

2.1. Summary of agreed preamble formats
At the RAN1 #90 meeting, working assumption of preamble formats A1, B1, B2 and B3 were confirmed. Accordingly following preamble format tables are reached as shown in TS 38.211 v1.0.0 [2].



Table I – Preamble formats for  and 
	Format
	

	

	

	

	Support for restricted sets

	0
	839
	1.25 kHz
	

	

	Type A, Type B

	1
	839
	1.25 kHz
	

	

	Type A, Type B

	2
	839
	1.25 kHz
	

	

	Type A, Type B

	3
	839
	5 kHz
	

	

	Type A, Type B






Table II – Preamble formats for  and  where 
	Format
	

	

	

	

	Support for restricted sets

	A0
	[127 or 139]
	

	

	

	-

	A1
	[127 or 139]
	

	

	

	-

	A2
	[127 or 139]
	

	

	

	-

	A3
	[127 or 139]
	

	

	

	-

	B1
	[127 or 139]
	

	

	

	-

	B2
	[127 or 139]
	

	

	

	-

	B3
	[127 or 139]
	

	

	

	-

	B4
	[127 or 139]
	

	

	

	-

	C0
	[127 or 139]
	

	

	

	-

	C2
	[127 or 139]
	

	

	

	



These preamble formats have been considered based on option 1 and pure ZC sequence. Possible motivations for additional PRACH preamble format to above formats would be capacity enhancement, beam recovery request and on-demand SI request. We discussed if we need additional solutions for these use cases in our previous contribution [3]. In summary, regarding capacity enhancement each of proposed solutions has some drawback, e.g., PAPR, ambiguity issue, and so on. Also, these solutions may cause complexity of NW implementation/operation and RACH configuration definition. On the other hand, even if no additional solution is introduced, multiple time and frequency resources can provide enough capacity. Consequently, optimization for high capacity is not needed in Rel-15 considering limited time schedule. Regarding beam recovery request and on-demand SI request, PRACH preamble formats with various parameters e.g., different SCSs and different number of symbols were already supported for general purposes. Therefore, no additional PRACH preamble format is needed.

Proposal 1: No additional PRACH preamble format to already agreed formats should be introduced in Rel-15.

3. PRACH preamble format details for long sequence length

3.1. Cyclic shift value
In last meeting, it was agreed that same cyclic shift values as defined in LTE are applied for NR PRACH preamble format 0 and 1. Also for NR PRACH preamble format 2, same cyclic shift values should be applied since preamble format 2 has same SCS as preamble format 0 and 1. Regarding NR PRACH preamble format 3, excluding some small cyclic shift values can be considered as those limit maximum cell radius. However, small cyclic shift value can be useful in terms of available number of preambles in an environment of small delay spread. Therefore, there is no obvious benefit of excluding small cyclic shift values, same cyclic shift values as defined in LTE can be applied even for NR PRACH preamble format 3.
Observation 1: Small cyclic shift value for NR PRACH preamble format 3 can be useful in terms of available number of preambles in an environment of small delay spread.
Proposal 2: Same cyclic shift values as defined in LTE are applied for NR PRACH preamble format 2 and 3.

4. PRACH preamble format details for short sequence length

4.1. 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. 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 to down select 139 as NR-PRACH sequence length for short sequence.
Proposal 3: NR should support sequence length of 139 for NR-PRACH based on short sequence.

4.2. Restricted set
It was agreed that restricted set A and B for long sequence are supported. For clarification, when short sequence case is considered, 15 kHz SCS for 6 GHz and 60 kHz SCS for e.g., 30 GHz are obviously enough to cover Doppler shift. Therefore, any restricted set is not needed for short sequence.

Proposal 4: Any restricted set is not supported for short sequence.

4.3. Indication of preamble format
Preamble formats A in Table II don’t have GP, which gives restriction against usage of subsequent resource in time domain or maximum cell radius. If assumed maximum cell radius is small enough to be derived by subsequent CP of e.g., data/control symbol, it doesn’t matter. Also, if subsequent resource is used as RACH occasion, CP included in preamble format can work as GP. In other cases, subsequent symbol(s) needs to be reserved as GP, i.e., gNB schedule nothing on the symbol, and the symbol(s) works as GP. However, in most cases time duration of even a symbol is too large as GP. On the other hand, in such cases preamble format B can be used as substitute for preamble format A as in Fig. 1, which shows example of preamble format A2 and B2. Preamble format B doesn’t give any restriction against subsequent resource thanks to presence of GP in itself, and provides good resource efficiency compared with GP of 1 symbol. Accordingly, it seems good that preamble format A should be used on RACH occasion whose subsequent resource is RACH occasion and preamble format B should be used on RACH occasion whose subsequent resource can’t be RACH occasion, e.g., data/control symbol. In such case, gNB doesn’t needs to indicate kind of preamble format explicitly, i.e., either of preamble format A or B, and then UE select either of preamble format A or B depending on location of the RACH occasion in time domain. UE can use preamble format B only on the last RACH occasion among repeated RACH occasions indicated by gNB. UE can also use preamble format B only on the last RACH occasion within a slot.
Proposal 5: Which kind of preamble format between preamble format A and B is assigned for each RACH occasion can be informed implicitly by location of the RACH occasions in time domain.

 [image: ]
Figure.1: Example of preamble format A2 and B2 within a slot

Regarding explicit PRACH preamble format indication, PRACH preamble formats/configurations including format index should be classified in different groups at least for below 6 GHz bands and for above 6 GHz bands since some of formats/configurations would clearly target specific frequency range. For example, according to previous agreements, preamble formats with SCS of 15/30 kHz are used only for below 6 GHz, and on the other hand preamble formats with SCS of 60/120 kHz are used only for above 6 GHz. 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 6: PRACH preamble formats/configurations should be classified in different groups at least for below 6 GHz bands and for above 6 GHz bands.

5. Conclusion
In this contribution, we discussed on PRACH preamble format details for long/short sequence length for NR and provided our view. We made the following observation and proposals. 

Proposal 1: No additional PRACH preamble format to already agreed formats should be introduced in Rel-15.
Observation 1: Small cyclic shift value for NR PRACH preamble format 3 can be useful in terms of available number of preambles in an environment of small delay spread.
Proposal 2: Same cyclic shift values as defined in LTE are applied for NR PRACH preamble format 2 and 3.
Proposal 3: NR should support sequence length of 139 for NR-PRACH based on short sequence.
Proposal 4: Any restricted set is not supported for short sequence.
[bookmark: _GoBack]Proposal 5: Which kind of preamble format between preamble format A and B is assigned for each RACH occasion can be informed implicitly by location of the RACH occasions in time domain.
Proposal 6: PRACH preamble formats/configurations should be classified in different groups at least for below 6 GHz bands and for above 6 GHz bands.
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