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Background

Revision of R1-1719114.
[bookmark: _Toc492918225]This document summarizes the offline discussion held during RAN1#90bis for AI 7.1.4.1, "PRACH Remaining details on PRACH formats".
The following issues have been discussed:
· Confirm working assumption on:
· Cyclic shift values for preamble format 3 (long sequence length)
· Sequence length for PRACH preambles based on short sequence length 
· RACH configurations
· Mapping of RACH resources within a slot
· Mapping of slots on a larger time interval
· Number of allocated subcarriers for PRACH, including guard band
· Parameters included in the RACH configuration 
· Necessity of RACH capacity enhancement in Rel 15

Legend: 
· Green completed
· Blue if time permits…

Agreements (Monday - Wednesday)

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
Offline discussion Friday morning

Key issue 15: Number of allocate subcarriers for PRACH, including guard band
So far we have not agreed upon any guard sub-carriers and the location of a PRACH within a frequency grid. Reusing the LTE allocation within a PRB seems to be a common understanding at least for the combinations when the Msg1 and Msg3 SCS is the same as in LTE. However, in NR we have more Msg3 SCS values compared to LTE, this we need to consider when allocating the RACH slot within the PRB grid (X PRBs) 
Offline agreement: RACH PRB allocation is the PRBs allocated to RACH within a RACH slot
Offline agreement: NR supports the following numbers of subcarriers as guard band:
· Note: Generation of any additional guard band is up to gNB implementation

	PRACH sequence
length (L) 
	PRACH SCS (kHz)
	UL SCS (kHz)
	RACH PRB allocation size
	Number of 
subcarriers as guard band

	839
	1.25
	15
	6 
	25

	839
	1.25
	30
	3 
	25

	839
	1.25
	60
	2
	313

	839
	5
	{15,30,60}
	24,12,6
	25

	139
	15
	{15,30}
	12, 6
	5

	139
	15
	60
	3
	5

	139
	30
	{15,30,60}
	24,12,6
	5

	139
	60
	{60,120}
	12,6
	5

	139
	120
	{60, 120}
	24,12
	5







Key issue 8: Frequency allocation of RACH resources within a slot
Within each RACH slot, RACH can be transmitted in up to X RACH PRB allocations. The RACH PRB allocation is common to all RACH slots. Multiple RACH allocations are allocated consecutively in frequency in two PRB regions close to either edge of the band, hence two starting PRB locations in the frequency domain are required to indicate the start of each RACH region.

Suggestion: For the next meeting have a clear definition of UL BW part
Initial offline discussion, no need to dicuss online: Within a RACH slot there could be multiple RACH PRB allocations. 
· The UE assumes that the gNB always allocates at least one PRB RACH allocation within a RACH slot is within the initial UL BWP 
· FFS: bandwidth of the initial UL BWP
· At least [2] PRB RACH allocations
· The RACH PRB allocation is common to all RACH slots.
· FFS: The number of RACH PRB allocations within a RACH slot is part of the RACH configuration
· Explicit indication
· Implicit indication, e.g by initial UL BW part and Msg1 SCS
· FFS: Whether the initial UL BWP is the same for all UEs 

Confirm working assumptions
Cyclic shift values for preamble format 3
Key issue 1: Confirmation of Working assumption of cyclic shift values
Working assumption from NR#3 in Nagoya:
· 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
	-



Several companies propose to confirm the WA, no company objects or have other proposal.
	Tdoc
	Company
	Confirm WA format 3

	R1-1717035
	ZTE, Sanechips
	YES

	R1-1717802
	CATT
	YES

	R1-1718183
	NTT DOCOMO, INC.
	YES

	R1-1718302
	Nokia, Nokia Shanghai Bell
	YES





	Company
	Confirm WA format 3

	Qualcomm
	YES



Offline agreement: Confirm working assumption of cyclic shift values for preamble format 3

Sequence length for preambles using short sequence length
Key issue 2:Confirmation of Working assumption of sequence length for RACH preamble formats using the short sequence
We made the following working assumption in NR#3 in Nagoya
Working assumption:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

In the contributions submitted to RAN1#90b it can be found that several companies propose to confirm the WA and no companies objects. Therefore it is proposed that the WA is confirmed. 
	Tdoc
	Company
	Confirm WA L = 139

	R1-1717035
	ZTE, Sanechips
	YES

	R1-1717357
	Intel Corporation
	YES

	R1-1717581
	Samsung
	YES

	R1-1717802
	CATT
	YES

	R1-1718183
	NTT DOCOMO, INC.
	YES

	R1-1718302
	Nokia, Nokia Shanghai Bell
	YES



	COMPANY
	Confirm WA

	Qualcomm
	Yes



Offline agreement: Confirm working assumption, L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

RACH configurations

Mapping of RACH resources within a slot 
Key issue 3: Can RACH resources be mapped on slots containing SS blocks
In [R1-1717930] it is proposed that the slots containing SS blocks are not configured for RACH resources. Where the SS blocks refers to the maximum number of SS blocks (L = 4/8/64) and not to the actual transmitted SS blocks, see below tables for potential slot indices for different SCS. 
Table 1. Potential slot indices with 15 kHz SCS within a radio frame for RACH resources for long sequences
	
	SS/PBCH block periodicity: 5ms 
	SS/PBCH block periodicity: 10ms

	SSB with 15 kHz SCS, L=4
	2, 3, 4, 7, 8, 9
	2, 3, 4, 5, 6, 7, 8, 9

	SSB with 15 kHz SCS, L=8
	4, 9 
	4, 5, 6, 7, 8, 9

	SSB with 30 kHz SCS, L=4
	1, 2, 3, 4, 6, 7, 8, 9
	1, 2, 3, 4, 5, 6, 7, 8, 9

	SSB with 30 kHz SCS, L=8
	2, 3, 4, 7, 8, 9
	2, 3, 4, 5, 6, 7, 8, 9



Table 2. Potential slot indices within a radio frame for RACH resources for below 6GHz frequency range (SS/PBCH block transmission with 10ms periodicity)
	
	Msg.1 with 15 kHz SCS
	Msg.1 with 30 kHz SCS

	SSB with 15 kHz SCS, L=8
	4, 5, 6, 7, 8, 9
	8 ~ 19

	SSB with 30 kHz SCS, L=8
	4~19
	2 ~9 



Table 3. Potential slot indices within a radio frame for RACH resources for above 6GHz frequency range (SS/PBCH block transmission with 10ms periodicity)
	
	Msg.1 with 60kHz SCS
	Msg.1 with 120kHz SCS

	SSB with 120 kHz SCS, L=64
	4,9,14,19~ 39
	8, 9, 18, 19, 28, 29, 38~79

	SSB with 240 kHz SCS, L=64
	4, 9~39
	8, 9, 18~79




	Company
	View

	Qualcomm
	· RACH resources are not allocated in slots where SS blocks are transmitted



Offline agreement:
For FDD, NR defines RACH resource configurations that do not take SS blocks into account
< Update with latest chairman notes…>
Continue discussion on: 
For TDD, NR consider the actual transmitted SS blocks (based on RMSI) for RACH resource configurations, 
· Use available symbols in a slot that contains SS blocks based on PRACH formats
· Only the second half of a slot that contains SS blocks can be configured for RACH
· FFS: Consider switching between DL/UL
· FFS: If additional symbols in a slot that contain an SS blocks are not used for uplink transmissions. 
 
Mapping of RACH resources based on long sequence length
Key issue 4: Mapping of RACH resources based on long sequences
For long sequences, the slot pattern should be in terms of 1ms slot length since the PRACH preambles occupies at least 1ms. Figure 1 below illustrates slot positions that SS blocks under 6GHz can be transmitted within 10ms window. 

[image: ]
Figure 1. Slot positions that SS blocks can be transmitted within 10ms window 
(SS/PBCH block periodicity is 5ms and 10ms, Data SCS is 15kHz)
 
Proposal: For long sequences, the slot pattern should be in terms of 1ms slot length since the PRACH preambles occupies at least 1ms. 
Mapping of RACH resources based on short sequence length
In RAN1 NR#3 we made the following agreements regarding mapping of RACH resources within a slot.
	· 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



There are several issues that need to be addressed to complete the mapping of RACH resources within a slot, below follows a summary of some of the issue we need to agree upon during RAN1#90bis:

Key issue 5: RACH resources are consecutive or not consecutive within a slot
Proposal:
· Down-select among the following three alternatives
· Alt1: Support consecutive mapping of RACH resources within a slot
· Alt2: Support non-consecutive mapping of RACH resources within a slot
· Alt3: Support both consecutive and non-consecutive mapping of RACH resources within a slot (R1-1717802, CATT)


	Company
	View

	Qualcomm
	· Alt1: Support consecutive mapping of RACH resources within a slot





Key issue 6:Number of PRACH formats that are configured for a cell

Many of the companies propose that, like in LTE, only a single PRACH format is configured within a cell. We have defined format A and B with the intention to be used together within one slot to maximize the possible number of preambles within one slot. Therefore we need to agree upon how and if we can allow a mix of preamble formats within a slot. If that is the case we will allow more than one format within a cell, but only when we mix format A and B.

Proposal: One PRACH format is configured for a cell
· Format A and format B is considered as a package for the PRACH configuration: RMSI configures either format A/B or format C (if PRACH of L=139 is used)
· If format A/B is configured, the last PRACH uses the formats B and other PRACH uses format A inside a configured PRACH resource
· Preamble format C is not mixed with A or B within a slot
Key issue 7: Support of time multiplexing of NR-RACH preambles from different UEs within a slot?
Several of the preambles can be multiplexed in time within one slot. For example, NR-RACH preamble format A0 can have 14 multiplexed NR-RACH preambles (from different UEs), while format B4 can only have NR-RACH preamble within one slot in one frequency interval. 
[bookmark: _Toc490031884][bookmark: _Toc490209225][bookmark: _Toc492622375][bookmark: _Toc492633727][bookmark: _Toc492634893][bookmark: _Toc492635876][bookmark: _Toc492636624][bookmark: _Toc492902311][bookmark: _Toc492902365][bookmark: _Toc494284354][bookmark: _Toc494399275][bookmark: _Toc494434895][bookmark: _Toc494739041][bookmark: _Toc494739091][bookmark: _Toc494739122][bookmark: _Toc494739160][bookmark: _Toc494739233]Proposal: NR supports time multiplexing of NR-RACH preambles, from different UEs, within a slot
	Company
	View

	Qualcomm
	Do these time multiplexed NR-RACH preambles correspond to the same or different SS blocks? 

If they correspond to different SS blocks, Qualcomm’s view is Yes. 

If they correspond to the same SS block, Qualcomm’s view is to discuss this need further.

Note that, this is also related to the SSB  PRACH resource mapping issue that might be discussed in 7.1.4.2 offline.




Key issue 8: Frequency allocation of RACH resources within a slot
Within each RACH slot, RACH can be transmitted in up to X RACH PRB allocations. The RACH PRB allocation is common to all RACH slots. Multiple RACH allocations are allocated consecutively in frequency in two PRB regions close to either edge of the band, hence two starting PRB locations in the frequency domain are required to indicate the start of each RACH region.
Proposal: Within a RACH slot there could be multiple RACH PRB allocations. 
· The PRB RACH allocation is common to all RACH slots.
· RACH allocations are allocated consecutively in frequency.

Key issue 9: Start and end of RACH resources within a slot
All RACH slots in one configuration have the same starting symbol, and all RACH slots have the same ending symbol. 
Proposal: All RACH slots have the same starting symbol, and all RACH slots have the same ending symbol.
· NR supports reserving n symbols for DL control channel at the beginning of a RACH slot with short PRACH preamble sequence, 
· FFS value(s) of n 
· Note: Need to consider NR FDD mode


	Company
	View

	Qualcomm
	Support above proposal.



Examples of slot formats:
R1-1717035, ZTE:
	Number of 
symbols for
RACH
	Preamble format combination
	Starting symbol index

	14
	Format 0/1/2/3
	0

	12
	A0A0A0A0A0A0A0A0A0A0A0A0
	2

	
	A1A1A1A1A1B1or C0C0C0C0C0C0
	2

	
	A2A2B2
	2

	
	A3B3 or C2C2
	2

	
	B4
	2

	6
	A0A0A0A0A0A0
	8

	
	A1A1B1 or C0C0C0
	8

	
	B3 or C2
	8

	4
	A0A0A0A0
	10

	
	A1B1 or C0C0
	10

	
	B2
	10

	2
	A0A0
	12

	
	B1 or C0
	12



R1-1717802, CATT:
Table 3. Number of preamble formats in a slot with 0 OFDM symbol reserved for DL control channel (n =0)
	Format (Number of repeated sequence / OFDM symbols in a format)
	Number of preamble formats in a slot
	Number of preamble formats (mixed) in a slot

	A0（1）
	14 A0
	——

	A1（2）
	7 A1
	6 A1+1 B1

	A2（4）
	3 A2
	2 A2 + A B2

	A3 （6）
	2 A3
	1 A3+1 B3

	B1 （2）
	7 B1
	——

	B2 （4）
	3 B2
	——

	B3 （6）
	2 B3
	——

	B4 （12）
	1 B4
	——

	C0 （1）
	9 C0
	——

	C2 （4）
	2 C2
	——



Table 4. Number of preamble formats in a slot with 2 OFDM symbol reserved for DL control channel (n=2)
	Format (Number of repeated sequence / OFDM symbols in a format)
	Number of preamble formats in a slot
	Number of preamble formats (mixed) in a slot

	A0（1）
	12 A0
	——

	A1（2）
	6 A1
	5 A1+1 B1

	A2（4）
	3 A2
	2 A2+1 B2

	A3 （6）
	2 A3
	1 A3+1 B3

	B1 （2）
	6 B1
	——

	B2 （4）
	3 B2
	——

	B3 （6）
	2 B3
	——

	B4 （12）
	1 B4
	——

	C0 （1）
	8 C0
	——

	C2 （4）
	2 C2
	——



Mapping of (RACH) slots on a larger time interval
In RAN1 NR#3 we made the following Agreements regarding the larger time interval
	· 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



Key issue 10: Numerology for RACH slot pattern
Several companies propose that the numerology for the slot pattern follows the RACH Msg1 numerology. 

For L = 839, use 15kHz SCS 
For L = 139:
	Use Msg 1 numerology
	Use a fixed SCS (e.g 120kHz)
	Use SS block numerology

Proposal: The slot pattern for RACH resources should be based on the RACH Msg1 numerology, i.e. SCS. 
Key issue 11: Values of larger time interval

Proposal: NR defines the pattern of the slots that contain PRACH resource(s) into a time interval(s) of M ms for long and short PRACH sequences.
· M is signaled as part of the RACH configuration
· Value(s) of M to be specified during this meeting.
Key issue 12: Mapping of resources on a larger time interval 
Mapping of RACH resources on a larger time interval can be made in different ways, two main alternatives are identified in the submitted contributions to RAN1#90bis. 


· A RACH slot is based on Msg1 numerology
·  N RACH slots within one RACH configuration period. 
·  N equals P/R, R = Msg1 num / 15kHz
·  N = P for Msg1 num = 15kHz, 
·  N = 8P for Msg1 num = 120kHz
·  Define D as the density of the RACH slots within a RACH configuration period. 
·  D = 1 -> One RACH slot is configured within one RACH configuration period
·  D = n -> n RACH slots are configured within one RACH configuration period
 
·  P can be:
·  fixed, e.g 5ms
·  Follow the SS burst set periodicity
·  other?


Proposal: Select one of the following four alternatives:
Alt1: NR-RACH configurations can be specified using a table similar to LTE table 5.7.1-2 in 3GPP TS 36.211. The table should, for each configuration index, indicate start positions for NR-RACH allocations in terms of system frame numbers and subframe numbers. [R1-1718715, Ericsson]	
Alt2: A multi-level bitmap is used to identify the RACH slots over the larger time interval (M). [R1-1718302, Nokia and R1-1717802, CATT]
· Level 1 is a bit map for each M ms period within the RACH slot pattern period. A bit will indicate whether there are RACH slots in a M ms period or not. This field requires up to K1 bits.
· Level 2 is a bit map for each subframe (1ms) within a 5 ms window. This field requires 5 bits
· Level 3 is a bit map for each slot within a subframe. This field requires a maximum of 8 bits (for 120 KHz SCS)

[bookmark: _Ref494135115]Alt3: The time slot number and OFDM symbol number should be defined for the PRACH resources to simplify the configuration and overhead. For example, by defining a finite number of candidate PRACH resource time patterns in a subframe, where the time slot number and OFDM symbol for each pattern are predefined. [R1-1717051, Huawei,HiSilicon Note, Submitted in 7.1.4.2]
Alt4: For below 6GHz use Alt1, for above 6GHz use Alt2
Illustration of Alt2 (R1-1718302, Nokia and R1-1717802, CATT)


Several companies propose to use 5 ms as the time interval and one company (R1-1718531)propose to use 40ms for some configurations in order to reduce the overhead. One company (R1-1718302) propose that the value of the time interval is signaled in the RACH configuration and can take the values 5/10/20/40/80/160ms (same as the SS burst set periodicity)

Parameters included in the RACH configuration
Key issue 13: Number of preambles in a cell
In LTE the number of preambles in a cell is 64. Some companies have some discussions in the submitted contributions to RAN1#90bis, some companies propose to use the same number as in LTE (64) and some companies propose to use a larger number (e.g 256). 
Proposal: NR supports [64 or 256] preambles in a cell, within this meeting agree on the value [64 or 256]
Key issue 14: Discussion of parameters included in the RACH configuration 
Necessary information that has to be included in the PRACH configuration is listed as follows.
· Sequence type
· Preamble format 
· Subcarrier spacing
· Root(s) sequence index
· Restricted set type (A/B) 
· Zero Correlation Zone Configuration
· RACH slot pattern in half frame
· RACH slot format
· Period and offset of RACH half radio frame
· Frequency index of PRACH channels
· The association time period
· The number of PRACH groups per PRACH resource
· The number of preamble indices per PRACH group
· The number of associations per PRACH group
· 
The long list of parameters is split in different parts to facilitate the discussion.
· Parameters related to the preamble format
· Parameters related to the pattern including time and frequency allocation
· Parameters related to association between SS blocks and RACH resource

Parameters related to the preamble format. We can agree on those parameters and the number of required bits. 
· Sequence type
· Preamble format 
· Subcarrier spacing
· Root(s) sequence index
· Restricted set type (A/B) 
· Zero Correlation Zone Configuration
· ...
Proposal: The parameters given by the table below are required to identify the PRACH preamble signal.
	Long sequence
	Short Sequence
	Field size

	Sequence type (Short or Long)
	1-bit

	Preamble format (0 … 3)
	Short sequence preamble type (A, B, A/B or C)
	2-bits

	Sequence type (unrestricted, restricted Type A, restricted Type B)
	Preamble format within each 
	2-bits

	Reserved
	Sub-carrier Spacing (15, 30, 60 or 120 KHz)
	2-bits

	Cyclic shift index
	4-bits

	Root sequence index
	10-bits for long sequence
8-bits for short sequence



Parameters related to the pattern including time and frequency allocation
· RACH slot pattern in half frame
· RACH slot format
· Period and offset of RACH half radio frame
· Frequency index of PRACH channels
· ...
Parameters related to the association between SS blocks and RACH resources
· The association time period
· The number of PRACH groups per PRACH resource
· The number of preamble indices per PRACH group
· The number of associations per PRACH group
· ...
Number of allocated subcarriers for PRACH

Key issue 15: Number of allocate subcarriers for PRACH, including guard band
So far we have not agreed upon any guard sub-carriers and the location of a PRACH within a frequency grid. Reusing the LTE allocation within a PRB seems to be a common understanding. 
Proposal:
For long sequence, L = 839:
· UL SCS = 15kHz and 30 and 60 kHz: use 25 subcarriers as guard band mapping as in LTE.
For short sequence, L = 139, use 5 subcarriers as guard band mapping as in LTE. 
60kHz case…
	Company
	View

	Qualcomm
	[bookmark: _GoBack]In over-6 GHz, for L = 139 sequence, 5 subcarriers can be used as guard band mapping as in LTE.

For L = 839 long sequence with 1.25 kHz tone spacing, a guard band of 25 subcarriers will not make the whole PRACH region (864 tones of 1.25 kHz) equal to an integer number of RBs if 60 kHz tone spacing is used for DL/UL data.

Besides, 25 tones of 1.25 kHz tone spacing is equivalent to roughly 0.4 tones of 60 kHz tone spacing. Hence, we should discuss further the required number of guard band subcarriers for L = 839 long sequence and if it is correlated with data tone spacing. 



Necessity of RACH capacity enhancement in Rel 15

Key issue 16: Necessity of or RACH capacity enhancement in Rel 15.
Ten companies (10) have discussed the necessity of RACH capacity enhancement in Rel15. Four companies share the view that with the already agreed preamble formats and utilizing more time and frequency resources the capacity is sufficient. One company could consider a RACH capacity enhancement. Then there are four different proposals for RACH capacity enhancement, with various standardization effort. We have the following alternatives to consider:
Alt1: The RACH capacity utilizing more time/frequency resources provide sufficient RACH capacity. No need for any capacity enhancement in Rel15 on top of Option 1, using pure ZC sequences.
Alt2: There is a need to further enhance the RACH capacity in Rel15
Solution 1: Using OCC and Option 2 (R1-1718531, Qualcomm, R1-1717586, Samsung Note: This contribution is under 7.1.6)
Solution 2: Using ZC and a M-sequence on top (R1-1717053, Huawei, Hisilicon)
Solution 3: Using Option 4 (R1-1718302, Nokia, Nokia Shanghai Bell)
	Solution 4: Use sinusoidal modulation on top of Option 1 (R1-1717934, LGE. Note: This contribution is under 7.1.6)
Definition of option 1/2/4:
Following options can be further considered for the consecutive multiple/repeated RACH preambles, 
· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH sequences, CP/GT between RACH sequences is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 2: The same RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 4: Different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences

	Tdoc
	Company
	Capacity enhancement in Rel 15

	R1-1717035
	ZTE, Sanechips
	NO

	R1-1717053
	Huawei, HiSilicon
	YES

	R1-1717357
	Intel Corporation
	NO

	R1-1717586
	Samsung
	YES, submitted in 7.1.6

	R1-1717934
	LG Electronics
	YES, submitted In 7.1.6

	R1-1718183
	NTT DOCOMO, INC.
	NO

	R1-1718302
	Nokia, Nokia Shanghai Bell
	YES

	R1-1718476
	InterDigital, Inc.
	May be considered

	R1-1718531
	Qualcomm Incorporated
	YES

	R1-1718720
	Ericsson
	NO





Proposal:





Other key issues related to AI 7.1.4.1

	Company
	Comments
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Appendix
Summary of the proposals from the Tdocs [1 – 12].

	1
	R1-1717035
	PRACH formats and Resource Configuration
Proposal 1: Working assumption on format 3 Ncs table is confirmed.
Proposal 2: PRACH preamble sequence length equals 139 is confirmed.
Proposal 3: Slot pattern time interval should be set to 5ms.
Proposal 4: NR shall use a bitmap-like way to indicate the RACH slot pattern for short preamble sequence format.
Proposal 5: NR shall use a LTE-like way to indicate the RACH slot pattern for long preamble sequence format.
Proposal 6: Parameters of PRACH are configured as below:
· Preamble format 
· Subcarrier spacing
· Root(s) sequence index
· Restricted set type (A/B) 
· Zero Correlation Zone Configuration
· RACH slot pattern in half frame
· RACH slot format
· Period and offset of RACH half radio frame
· Frequency index of PRACH channels
· The association time period
· The number of PRACH groups per PRACH resource
· The number of preamble indices per PRACH group
· The number of associations per PRACH group
Proposal 7: Frequency multiplexed PRACH transmission occasions are adjacent in frequency.
	ZTE, Sanechips

	2
	R1-1717053
	Capacity shortfall solution for agreed NR PRACH formats
Proposal 1: NR should support up to 256 PRACH preambles per cell.
Proposal 2: The set of NR RACH preambles    of length L=[127 or 139] is generated from the set of cyclically-shifted versions   of one specific Zadoff-Chu (ZC) sequence , by multiplying element-by-element each    with a set of cover sequences . The set of ZC sequences is defined as 


with  being a cyclic shift. The set of cover sequences  is obtained by cyclic-shifts of a single m-sequence of length 127 generated from the generator polynomial g(D)=D^7+D^3+1 and initial state [0,0,…,0,1]. If L= 139, each cyclically-shifted m-sequence is periodically extended by 12 elements.
	Huawei, HiSilicon

	3
	R1-1717357
	Remaining details of PRACH formats
Proposal 1: For interval/patterns of the slots containing PRACH resources
· LTE approach is the starting point for PRACH of L=839
· FFS for multi-beam scenario

Proposal 2: For PRACH within each slot, Alt1 is supported
· RACH resources within a slot are consecutive

Proposal 3: One PRACH format is configured for a cell
· Format A and format B is considered as a package for the PRACH configuration: RMSI configures either format A/B or format C (if PRACH of L=139 is used)
· If format A/B is configured, the last PRACH uses the formats B and other PRACH uses format A inside a configured PRACH resource

Proposal 4: Confirm the WA
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

	Intel Corporation

	4
	R1-1717581
	Remaining details on PRACH formats
Proposal 1: For PRACH formats for short sequence, ZC sequence with length of 139 can be reused.
Proposal 2: Preamble format should be aligned with symbol inside the first or the second slot in 14-symbol slot and should avoid cross-slot transmissions. 
Proposal 3: gNB can configure the symbol index for RACH preamble format transmission by RACH configuration.
Proposal 4: When supporting time multiplexing of preamble format A and B from different UEs, format B should be located at the end of the slot and avoid any resource wastage due to GT insertion. 
Proposal 5: 64 preamble IDs are supported in NR if RACH capacity enhancement is unnecessary. 
Proposal 6: Tables for Root Zadoff-Chu sequence order defined in LTE are reused in NR

	Samsung

	5
	R1-1717802
	Further details on NR RACH format
Proposal 1: Confirm working assumption of L = 139 for the short PRACH preamble sequence.
Proposal 2: Confirm working assumption of Ncs value (13 for Unrestricted set, and 36 for Restricted set type A and B) for the long PRACH preamble format 3.
Proposal 3: PRACH configuration at least includes the following information: time allocation, frequency allocation, preamble format, root sequence, cyclic shift configuration, associated SS block index, information on whether restricted sets is used or not, and the number of PRACH preambles in a cell.
Proposal 4: The mapping from N= L * Q NR-RACH preambles in a cell to L actual transmitted SS-blocks is done by consecutively mapping Q NR-RACH preambles to each of the actual transmitted SS-blocks.
Proposal 5: NR defines the pattern of the slots that contain PRACH resource(s) into a time interval of 5 ms for both long and short PRACH sequences.
Proposal 6: Both of the following two alternatives should be supported, and the number of OFDM symbols reserved in Alt 2 to handle the case of CORESET monitoring should be limited, e.g., 2. 
· 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
Proposal 7: NR should support multiple-level bitmapping for RACH resource configuration (5ms->slot->OFDM symbols for different SCS) as shown in Option 1 in Figure 1, where 
· Level 1 is a bitmap of 5ms intervals for a period of RACH resource configuration pattern (20ms). Each bit indicates whether there are RACH slots included in a 5ms time interval.
· Level 2 is a bitmap of slots for a period of 5ms time interval. Each bit indicates whether there are RACH symbols within the slot.
· Level 3 is a bit map of RACH symbols for a RACH slot. Each bit indicates where there are RACH resource allocated for the OFDM symbol. 
A total of 58 bits are needed to indicate a RACH resource for the Option 1.


 
Figure 1. Identification of RACH resource
Proposal 8: NR supports the following RACH resource pattern for short sequence formats, i.e., the RACH resources are configured to the OFDM symbols, which are not used for SS Block transmission, within an SS Block slot. 

[image: ]
Proposal 9: NR supports both of the following two alternatives for the mapping of RACH preamble formats to RACH resources within a RACH slot: 
· Alt1: A PRACH slot contains only PRACH format A;
· Alt2: A PRACH slot contains both PRACH format A and B. Format B is only configured as the last format in the slot. 
Proposal 10: NR supports reserving n symbols for DL control channel at the beginning of a RACH slot with short PRACH preamble sequence, where n can be configured as {0 or 2} OFDM symbols.

	CATT

	6
	R1-1717878
	Discussion on RACH configuration
Proposal 1: The indication of time and frequency position of PRACH resource as well as RAR window indication, e.g. PRACH Configuration Index and Supervision Information fields, should take into account of multiple numerologies and different UL and DL reference numerology. 
Proposal 2: Two RACH configurations pertaining to different UL frequencies due to SUL operation are broadcasted in RMSI, i.e., add a new field - PRACH Configuration Index for SUL. 
Proposal 3: The RACH resource configuration, especially the periodicity for RACH resources (the Density filed in the PRACH Configuration Index table) should take the semi-static UL/DL periodicity into consideration.
Proposal 4: Contention-based PRACH shall not be transmitted on flexible resources. Support PDCCH-ordered PRACH on flexible resources if technically feasible.
Proposal 5: The numerology of the slot that contain PRACH resource(s), the numerology of the configured preamble format can be used. The reference numerology for indicating PRACH timing resource within a larger time interval is in terms of SS block numerology for simple indication and fewer overhead. 
Proposal 6: The PRACH preamble formats always occupy the very end of a configured semi-static UL/DL periodicity or the very end of the configured subset of resource in case of no semi-static UL/DL periodicity is configured.
Proposal 7: For below 6GHz, the PRACH time resource is configured in terms of subframe unit. The configured subframe number indicates the ending subframe of the configured PRACH preamble format, and the PRACH preamble format always occupies the last symbol of the configured subframe. 
Proposal 8: For above 6GHz, the PRACH time resource is configured in terms of slot unit. The configured slot number indicates the ending slot of the configured PRACH preamble format, and the PRACH preamble format always occupies the last symbol of the configured slot. 
Proposal 9: For measurement purpose, the actual transmitted SS block pattern should also take into account of the PRACH resource configuration and semi-static UL/DL configuration, especially considering that some RRC configured actual transmitted SS block may be indeed dropped due to PRACH resource configurations.

	CMCC

	7
	R1-1717930
	Discussion on PRACH preamble format details
Proposal 1: 
· For the RACH resource configuration in below 6GHz frequency range, combination of TDM and CDM/FDM of RACH resources should be supported considering on limited number of eligible RACH resources in time domain for the support of the maximum number of SS blocks.
Proposal 2: 
· The slot pattern for RACH resources should be based on the RACH Msg1 numerology, i.e. SCS. 
Proposal 3: 
· Specify M states of slot location information per PRACH Msg1 SCS, with different slot intensity and/or periodicity
Proposal 4: 
· Provide slot type information in order to indicate the starting symbol index of RACH resource within a slot, which can be OFDM symbol numbers, like {0, 1, 2 }
· The slot type is applied over all slots reserved for RACH resources
Proposal 5: 
· Frequency location of the RACH resource is obtained by UL initial BWP resource allocation information for PRACH transmission within the BWP.
Proposal 6: 
· RACH resources within a slot should be consecutively allocated. 
Proposal 7: 
· Study how to support low latency services on the slot configuration for RACH resources. 

	LG Electronics

	8
	R1-1718183
	Discussion on remaining details on PRACH formats
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.

	NTT DOCOMO, INC.

	9
	R1-1718302
	Remaining details on PRACH formats
Proposal 1: Confirm the working assumption: L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence.
Proposal 2: Confirm the working assumption of values in the cyclic shift table for PRACH preamble format 3 when L=839.
The following observations and proposal have been made regarding the PRACH capacity enhancements:
Observation 1: PRACH preamble format option 4 increases the PRACH sequence capacity exponentially as a function of the number of the PRACH preambles included in the PRACH preamble format.
Observation 2: PRACH preamble format option 4 suffers from PRACH detection ambiguity if more than one UE attempts to send PRACH in the same RACH occasions, and it suffers from lower probability of detection.
Proposal 3: In addition to preamble format option 1, NR shall support PRACH preamble format option 4 with fixed relationship between the sequence indices of the RACH preambles that depends on the cell ID. 
The following proposals have been made regarding the PRACH configuration and resource allocation:
Proposal 4: For PRACH configuration and resource allocation, support at least the following RRC parameter categories in RMSI:
· PRACH preamble format and sequence parameters
· RACH resource allocation information

Proposal 5: The parameters given by the table below are required to identify the PRACH preamble signal.
	Long sequence
	Short Sequence
	Field size

	Sequence type (Short or Long)
	1-bit

	Preamble format (0 … 3)
	Short sequence preamble type (A, B, A/B or C)
	2-bits

	Sequence type (unrestricted, restricted Type A, restricted Type B)
	Preamble format within each 
	2-bits

	Reserved
	Sub-carrier Spacing (15, 30, 60 or 120 KHz)
	2-bits

	Cyclic shift index
	4-bits

	Root sequence index
	10-bits for long sequence
8-bits for short sequence



Proposal 6: Each preamble supports 64 signatures per time frequency RACH resource.
Proposal 7: The root sequence index in the RACH configuration is used to identify the first preamble root sequence index.
Proposal 8: The interval/periodicity of the RACH slot pattern is signaled as part of the RACH configuration.
Proposal 9: RACH is transmitted during RACH slots. RACH slots are UL slots or UL centric slots. A compressed bitmap with 3 levels is used to identify the RACH slots. Level 1 is a bit map for each 5ms period within a 160 ms period. Level 2 is a bit map for each subframe within a 5ms period. Level 3 is bit map for each slot within a subframe. A total of 45 bits are required to identify the RACH slots.
Proposal 10: The PRACH preamble configuration (including the PRACH preamble format and the PRACH preamble sequence index) is common to all RACH slots.
Proposal 11: Within a RACH slot there could be multiple RACH PRB allocations. The PRB RACH allocation is common to all RACH slots.
Proposal 12: All RACH slots have the same starting symbol, and all RACH slots have the same ending symbol.
	Nokia, Nokia Shanghai Bell

	10
	R1-1718476
	On PRACH Formats for Capacity Enhancement and Beam Management
Proposal 1: In case that preamble formats A and B are time multiplexed, format B can be used in last RACH occasion of a slot.
Proposal 2: Capacity enhancement for PRACH may be considered.
Proposal 3: Need of PRACH format for capacity enhancement and beam management may be further investigated.

	InterDigital, Inc.

	11
	R1-1718531
	Remaining details on PRACH formats
Observation 1: A 20 ms RACH periodicity leads to high RACH overhead in over-6 GHz if Gnb has analog beamforming constraint.
Observation 2: If PRACH locations with a slot are consecutive, the cyclic prefix of one PRACH resource acts as a guard period of the previous PRACH resource. If PRACH locations within a slot are not consecutive, gNB needs to configure guard periods for every RACH resource so that it does not interfere with the subsequent data transmission.
Observation 3: Even with consecutive RACH resources within the slot, gNB can flexibly select the transmission of SS blocks to avoid overlapping of RACH resources and the control symbols that it uses to schedule mini-slots.
Observation 4: In TDD networks and multi-beam scenario, it is advantageous to avoid overlapping of SS block measurement timing window and RACH resources.
· For example, for 10 ms SS/PBCH block periodicity, if SS blocks are confined within the first half-frame, RACH resources with 10 ms RACH periodicity can be confined within the last half-frame of a frame.

Observation 5: A much higher number of cyclic shifts can be supported during PRACH transmission to convey beam failure recovery request (BFRR) since UEs might be time synchronized with the Gnb during their BFRR transmission.
Observation 6: Allowing two different zeroCorrelationZoneConfig value for two UEs that select the same root index leads to interference among these UEs RACH signals.
Observation 7: If gNB employs digital RX subsystems to receive RACH, then RACH resources corresponding to multiple SS blocks can be located together to reduce overhead. If Gnb configures L RACH preambles per SS block, total number of RACH preambles should be 64 * L in over-6 GHz.
Observation 8: The required number of RACH preambles in a multi-beam scenario should be high to support UE’s indication of SS block indication to gNB through RACH preambles.
Observation 9: Transmission of multiple/repeated preambles with option 1 and high tone spacing limits the total number of available PRACH resources.
Observation 10: In the presence of timing uncertainty, the number of preambles generated from the spreading of a cyclically shifted single root ZC sequence and cyclically shifted M sequence is approximately same as the number of preambles generated from a pure ZC sequence with different roots and cyclic shifts.
Observation 11: The PAPR properties of ZC sequence are better than those of ZC spread by cover sequences.
Observation 12: The presence of cyclic prefix between multiple repetitions of “short” RACH preambles allows the use of orthogonal cover codes across these symbols and increases the user multiplexing capacity of RACH transmission.
Observation 13: Option 2 with OCC increases both PRACH capacity and link budget of PRACH detection.
Observation 14: Method 1 with sinusoidal modulation increases computational complexity at gNB because it forces gNB to detect preambles by either taking long FFT or by demodulating each section of the sequences before taking FFT.
Observation 15: Method 2 with OCC allows gNB to detect sequences with small FFT and without requiring any demodulation before the FFT operation.
Observation 16: Option 4 based on ZC spread by M sequence suffers from higher PAPR in the second stage compared to pure ZC sequences.
Observation 17: Option 4 with timing arrival based preamble detection leads to ambiguity issues at gNB when the time of arrival between two UEs is close.

Proposal 1: NR supports some RACH configurations with 40 ms periodicity in over-6 GHz. 
Proposal 2: NR only supports consecutive RACH resources within a slot.
Proposal 3: NR supports gNB assigning two different starting root indices and corresponding zeroCorrelationZoneConfig values in the cell.
· One starting root index and zeroCorrelationZoneConfig can be used for initial access, handover purposes, etc.. 
· The other starting root index and zeroCorrelationZoneConfig can be used for PRACH transmission to convey beam failure recovery request. 
Proposal 4: NR reserves 144 tones, with respect to the used PRACH numerology, for short PRACH preamble formats in over-6 GHz band.
Proposal 5: NR support higher number of PRACH preambles than LTE in Rel-15.
Proposal 6: NR should support only pure ZC sequences for short sequence formats.
Proposal 7: NR should support both option 1 and option 2 for multiple/repeated preamble formats. Option 2 should be supported with OCC across multiple/repeated PRACH preambles.
	Qualcomm Incorporated

	12
	R1-1718715
	Remaining details on PRACH formats
Proposal 1	Define the available number of NR-RACH preambles associated with one SS burst set as   where  is the number of used SS-blocks within an SS block set and  is the number of NR-RACH preambles associated with each SS-block
Proposal 2	The association from the  NR-RACH preambles associated with one SS burst set with L’ SS-blocks is done by consecutively map  NR-RACH preambles to each SS-block
Proposal 3	Consider an NR-RACH preamble configuration for required time separation of NR-RACH preambles corresponding to different SS-blocks, e.g. to be used with analog beaming in gNB
Proposal 4	With requirement on time separation of NR-RACH preambles corresponding to different SS-blocks, the set of NR-RACH preamble sequences associated with one SS burst set is determined in the order of  1. the available cyclic shifts of a root Zadoff-Chu sequence  2. increasing root index   3. increasing NR-RACH preamble time instances within a slot   4. increasing slot index
Proposal 5	With no time separation of NR-RACH preambles corresponding to different SS-blocks, the set of NR-RACH preamble sequences associated with one SS burst set is determined in the order of   1. the available cyclic shifts of a root Zadoff-Chu sequence  2. increasing NR-RACH preamble time instances within a slot  3. increasing root index  4. increasing frequency allocation  5. increasing slot index
Proposal 6	NR-RACH  configurations can be specified using a table similar to LTE table 5.7.1-2 in 3GPP TS 36.211. The table should, for each configuration index, indicate start positions for NR-RACH allocations in terms of system frame numbers and subframe numbers.
Proposal 7	The UE should only be allowed to transmit NR-RACH preambles at time instances not indicated as used for actually transmitted SS blocks.
Proposal 8	Support time multiplexing of NR-RACH preambles, from different UEs, within a slot
Proposal 9	Allocate a NR-RACH resource in time as  1.0 ms for a NR-RACH SCS of 15 kHz,  0.5 ms for a NR-RACH SCS of 30 kHz,  0.25 ms for a NR-RACH SCS of 60 kHz,  0.125 ms for a NR-RACH SCS of 120 kHz,  1.0 ms for a NR-RACH SCS of 1.25 kHz, and  0.25 ms for a NR-RACH SCS of 5 kHz.

	Ericsson
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