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1. Introduction
At the RAN1 NR-AH#3 meeting, remaining issues of NR PRACH preamble format for long and short sequence length were discussed. Following agreements and working assumptions were reached [1].
	Agreements:
· For format 2, same cyclic shift values as for format 0 and 1 are used

Working assumption:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

Agreements:
· Use one common table for cyclic shift (Ncs) values for short sequence based PRACH formats for all SCS
· Alt 1: The number of cyclic shift values is up to 16 values represented by 4 bits
· Alt 2: The number of cyclic shift values is up to 8 values represented by 3bits
Down-selection to be done this week. In addition, to come up with the actual set of values

Agreements:
· 
For format 3, use table below. 
· The values in red are working assumption
	ZeroCorrelationZoneConfig
	Sequence length 839, SCS = 5KHz

	
	Unrestricted
	Restricted set type A
	Restricted set type B

	0
	0
	36
	36

	1
	13
	57
	57

	2
	26
	72
	60

	3
	33
	81
	63

	4
	38
	89
	65

	5
	41
	94
	68

	6
	49
	103
	71

	7
	55
	112
	77

	8
	64
	121
	81

	9
	76
	132
	85

	10
	93
	137
	97

	11
	119
	152
	109

	12
	139
	173
	122

	13
	209
	195
	137

	14
	279
	216
	-

	15
	419
	237
	-



Agreements:
· Restricted set is not supported for NR PRACH preamble based on short sequence length
· Use one common table for cyclic shift (Ncs) values for short sequence based PRACH formats for all SCS
· The number of cyclic shift values is up to 16 values represented by 4 bits, the following table is adopted
	ZeroCorrelationZoneConfig
	Ncs values

	0
	0

	1
	2

	2
	4

	3
	6

	4
	8

	5
	10

	6
	12

	7
	13

	8
	15

	9
	17

	10
	19

	11
	23

	12
	27

	13
	34

	14
	46

	15
	69



Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols



In this contribution, we provide our views on remaining issues of PRACH preamble format for long and short sequence length. Also, we discuss on location of RACH resource and association between SS block and RACH resource.

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 captured 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 to introduce additional PRACH preamble format would be capacity enhancement, beam recovery request and on-demand SI request. We discussed potential solutions for these use cases in our previous contribution [3]. In summary, regarding capacity enhancement each of proposed solutions based on additional preamble format 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 format is introduced, allocating multiple time and frequency resources for RACH can improve the RACH 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
At the last RAN1 meeting, as shown in Table III, most of cyclic shift values for long sequence with SCS of 5 kHz were agreed and red color values were reached as working assumption. Cyclic shift values of 13 for unrestricted set and 36 for restricted set type A can meet with reuse factor of 64 and it is beneficial for general cell deployments. On the other hand, cyclic shift value of 36 for restricted set type B cannot meet with reuse factor of 64. Cyclic shift value of 21 can meet with reuse factor of 64, but cell radius which it can accommodate would be too small. However, it may be able to achieve useful cell radius in case of small delay spread. We can choose out of the two cyclic shift values of 21 and 36 for restricted set type B.
Proposal 2: Working assumption of cyclic shift values of 13 for unrestricted set and 36 for restricted set type A is confirmed.

Table III – ZeroCorrelationZoneConfig for NR PRACH preamble format 3
	ZeroCorrelationZoneConfig
	Sequence length 839, SCS = 5KHz

	
	Unrestricted
	Restricted set type A
	Restricted set type B

	0
	0
	36
	36

	1
	13
	57
	57

	2
	26
	72
	60

	3
	33
	81
	63

	4
	38
	89
	65

	5
	41
	94
	68

	6
	49
	103
	71

	7
	55
	112
	77

	8
	64
	121
	81

	9
	76
	132
	85

	10
	93
	137
	97

	11
	119
	152
	109

	12
	139
	173
	122

	13
	209
	195
	137

	14
	279
	216
	-

	15
	419
	237
	-




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 for long sequence and working assumption of sequence length of 139 for short sequence was reached. 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 propose to confirm 139 as NR-PRACH sequence length for short sequence.
Proposal 3: Working assumption of sequence length of 139 for short sequence is confirmed.

4.2. Indication of preamble format
Preamble formats A in Table II don’t have GP, which would give restriction against usage of subsequent resource in time domain or maximum cell radius. If assumed cell radius is small enough compared with  CP length of subsequent symbol, there may be no restriction on usage of subsequent resource of PRACH preamble format A. Also, if subsequent resource of PRACH preamble format A is also used as another RACH occasion, CP of the subsequent PRACH preamble format can work as GP. In other cases, subsequent symbol(s) of PRACH preamble format A needs to be reserved as GP, i.e., gNB schedule nothing on the symbol so that the symbol(s) works as GP. However, in most cases time duration of even a single 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 is used on RACH occasion whose subsequent resource is RACH occasion and preamble format B is 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 within consecutive RACH occasions indicated by gNB. UE can also use preamble format B only on the last RACH occasion within a slot.
Proposal 4: 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 5: PRACH preamble formats/configurations should be classified in different groups at least for below 6 GHz bands and for above 6 GHz bands.

5. PRACH configuration
In LTE, PRACH configuration includes following parameters.
· PRACH preamble parameters
· E.g., Preamble format index, Root sequence index, Zero correlation zone config, High speed flag
· Time and frequency resource parameters
· E.g., Subframe index, Frequency offset

NR PRACH configuration will at least include the similar information as in LTE. Additionally, NR PRACH configuration would need to have more flexibility than that in LTE, especially for time and frequency resource parameters. The time duration of NR PRACH preamble has more variety in symbol unit, e.g., 1, 2, 4, 6 and 12 symbols for data, than in LTE, i.e., in subframe unit except for preamble format 4 for UpPTS in TDD. Thus time resource indication parameters can be modified from that of LTE. Furthermore, consecutive multiple RACH occasions within a slot can be considered. In order to realize it, indication of time resource in symbol unit and the number of consecutive multiple RACH occasions within a slot would be needed. Fig.1 shows the example when start timing of time resource is 3rd symbol and the number of consecutive multiple RACH occasions is three.

In addition, the number of RACH resources in time/frequency domain associated with each SS/PBCH block would be also more flexible so as to meet required capacity.
Observation 1: NR PRACH configuration would need to have more flexibility than that in LTE, e.g., for time and frequency resource parameters.

As for new parameters in NR, NR PRACH configuration will include information of association between SS/PBCH block (SS block) and a subset of RACH resources and/or a subset of preamble indices. It was agreed that RMSI information is common for all beams. However, in such case, indication of associations between all SS blocks and a subset of RACH resources and/or a subset of preamble indices respectively may cause significant overhead since the number of SS blocks can be up to 64 for above 6 GHz.

First, we focus on how to indicate the association between SS block(s) and RACH resources in time domain. In case of extreme explicit indication, NW indicates associations regarding each SS block separately and furthermore NW may indicate associations regarding each RACH occasion associated with single SS block. In such case, although it can provide most flexible resource indication, it causes significant signaling overhead. Thus we should consider tradeoff between flexibility and indication overhead. 
gNB should inform UE of location of at least one RACH occasion such that UE can know the other RACH occasions based on it, e.g., first RACH occasion associated with any SS block. For example, the location of first RACH occasion can be indicated by slot/symbol index or relative position against SS block. Then UE can implicitly know location of all other RACH occasions according to some other information and some predefined rule on RACH occasion mapping. One of the required information is time duration of RACH occasion depending on PRACH preamble format index and SCS. It is also necessary for UE to know how many consecutive RACH occasions in time domain are associated with single SS block. Additionally, RACH resource set is defined as sequential RACH resources associated with all SS block(s), and indication of periodicity of RACH resource set is useful in order to reduce maximum delay or utilize resources efficiently. For example, when gNB configures shorter periodicity of RACH resource set than SS burst set periodicity, e.g., half periodicity, UE can try PRACH transmission also in second RACH resource set so that random access delay can be reduced especially for retransmission in case of long SS burst set periodicity. Also, if longer periodicity of RACH resource set than SS burst set periodicity is configured, it would be useful in terms of resource efficiency in case of short SS burst set periodicity, e.g., 5ms. Consequently, above whole information can provide location of all RACH occasions to UE.
Fig.2 shows example of how to indicate association between SS blocks and RACH resources including above information. In this example, SCS of SS block and PRACH is 15 kHz and PRACH preamble format with 2 symbols is used. UE can know location of slot with first RACH occasion by (1). Then (2) and (3) give location information of RACH occasions within a slot. In Fig.2, time duration of PRACH preamble format is 2 symbols and number of consecutive RACH occasions in time domain associated with single SS block is three. In other words, UE can know first RACH occasion associated with each SS block is present per 6 symbols. According to (4), UE can know location of next RACH occasions associated with same SS block.
Proposal 6: Configuration regarding RACH includes following information in order to indicate association between SS block(s) and RACH resources 
1. Location of first RACH occasion associated with any SS block 
1. PRACH preamble format index
(3) Number of RACH occasions repeated in time domain associated with single SS block
(4) Periodicity of RACH resource set, i.e., RACH resource set includes RACH resources associated with all SS block(s)

[image: ]
 Figure.2: Example of how to indicate association between SS blocks and RACH resources


Regarding slot level allocation of RACH resources, when RACH resources locate across multiple slots, allocation to continuous slots can provide low latency as configuration pattern (a) in Fig.3. On the other hand, if RACH resources locate across periodic slots, i.e., some gap is present between slots with RACH resources, slots without RACH resources can be used for other use cases, e.g., data transmission as configuration pattern (b) in Fig.3. gNB can configure these patterns depending on requirement and scheduling condition.
Proposal 7: gNB can configure following patterns in case RACH resources locate across multiple slots not including SS block.
· Configuration pattern where RACH resources locate across continuous slots as much as possible
· Configuration pattern where RACH resources locate across periodic slots

[image: ]
 Figure.3: Example of configuration patterns
1. RACH resources locate across continuous slots
1. RACH resources locate across periodic slots

Regarding allocation of RACH resources within slot, it is not preferable if continuous slots are occupied by RACH resources since DL/UL control channel may not be available in those slots. In addition, at the last RAN1 meeting, it was agreed that timing gap between the end of Msg.1 transmission and the starting position of the CORESET for RAR is supported depending on UE Tx-Rx switching latency, e.g., for TDD [1]. Then for TDD, it may be beneficial in terms of low latency that the last symbol within a slot is not used for Msg.1 transmission if gNB can configure CORESET for the RAR corresponding to the Msg.1 on first symbol within the next slot. Thus, it is beneficial that gNB can configure several reserved symbols in beginning and/or end of slots for other use cases as in Fig.4.
Proposal 8: gNB can configure several reserved symbols in beginning and/or end of slots for other than RACH resources.

[image: ]
Figure.4: Example of several reserved symbols for other than RACH resources

At the last RAN1 meeting, we discussed whether RACH resources within a slot are consecutive or not. Although it may be beneficial for non-slot based case that RACH resources within a slot are not consecutive, it requires more complex additional indication information. Thus, RACH resources within a slot should be consecutively allocated.
Proposal 9: RACH resources within a slot should be consecutively allocated.

Above consideration is based on the case that RACH resources locate within the slot not including SS block. However, it is beneficial for low latency that NR supports the case where RACH resources locate within the slot including SS block(s), although the location restricts PRACH preamble format, i.e., the format with 1 or 2 symbol repetition. Fig.5 shows the example in case of SS block and PRACH with 15 kHz SCS.
Proposal 10: NR supports following configuration patterns for short sequence based PRACH formats.
· Configuration pattern where RACH resources locate within the slot including SS block(s)
· Configuration pattern where RACH resources locate within the slot not including SS block

[image: ]
 Figure.5: Example of configuration pattern where RACH resources locate within the slot including SS block(s)

 Regarding RACH resource location in frequency domain, we should first discuss on frequency range where RACH resource can be allocated. In initial access phase, UE can know only information based on SS block. It is necessary to allocate RACH resource within initial active BWP or UE minimum BW including initial active BWP so that any UE can transmit PRACH preamble. Fig.6 shows example of RACH resource location within initial active BWP, and also Fig.7 shows example of RACH resource location within UE minimum BW including initial active BWP. It should be determined depending on definition of initial active BWP which RACH resource location is based on between initial active BWP and UE minimum BW including initial active BWP.
Proposal 11: In frequency domain, a group of RACH resources is allocated within initial active BWP or UE minimum BW including initial active BWP.

[image: ]
 Figure.6: RACH resource location within initial active BWP

[image: ]
 Figure.7: RACH resource location within UE minimum BW

However, in such case the number of RACH resources in frequency domain is small due to narrow BW of initial active BWP or UE minimum BW. Thus additional BWP for RACH resources, which is defined as RACH BWP, can be assigned as shown in Fig.8. The RACH BWP has the same BW size with initial active BWP or UE minimum BW. These RACH BWPs except BWP based on initial active BWP are beneficial especially for UE which has capability of wide bandwidth. Additionally, considering association between SS block and RACH resource in frequency domain, at least one RACH resource associated with each SS block should be allocated within one BWP. In that case, UE just have to observe one BWP in order to transmit PRACH preamble on RACH resource associated with detected SS block. Also, association between all SS blocks and RACH resources within one BWP is indicated in RMSI and then association between all SS blocks and RACH resources within other BWPs can also be derived implicitly based on the relative location within BWP. 
Proposal 12: NR supports additional BWP for RACH resources which has the same BW size with initial active BWP or UE minimum BW.

[image: ]
 Figure.8: Association between SS block and RACH resource

6. 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. 

Observation 1: NR PRACH configuration would need to have more flexibility than that in LTE, e.g., for time and frequency resource parameters.
Proposal 1: No additional PRACH preamble format to already agreed formats should be introduced in Rel-15.
Proposal 2: Working assumption of cyclic shift values of 13 for unrestricted set and 36 for restricted set type A is confirmed.
Proposal 3: Working assumption of sequence length of 139 for short sequence is confirmed.
Proposal 4: 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 5: PRACH preamble formats/configurations should be classified in different groups at least for below 6 GHz bands and for above 6 GHz bands.
Proposal 6: Configuration regarding RACH includes following information in order to indicate association between SS block(s) and RACH resources 
(1) Location of first RACH occasion associated with any SS block 
(2) PRACH preamble format index
(3) Number of RACH occasions repeated in time domain associated with single SS block
(4) Periodicity of RACH resource set, i.e., RACH resource set includes RACH resources associated with all SS block(s)
Proposal 7: gNB can configure following patterns in case RACH resources locate across multiple slots not including SS block.
· Configuration pattern where RACH resources locate across continuous slots as much as possible
· Configuration pattern where RACH resources locate across periodic slots
Proposal 8: gNB can configure several reserved symbols in beginning and/or end of slots for other than RACH resources.
Proposal 9: RACH resources within a slot should be consecutively allocated.
Proposal 10: NR supports following configuration patterns for short sequence based PRACH formats.
· Configuration pattern where RACH resources locate within the slot including SS block(s)
· Configuration pattern where RACH resources locate within the slot not including SS block
Proposal 11: In frequency domain, a group of RACH resources is allocated within initial active BWP or UE minimum BW including initial active BWP.
Proposal 12: NR supports additional BWP for RACH resources which has the same BW size with initial active BWP or UE minimum BW.
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