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1. Introduction
NR defined some entries of the RACH configuration table in paired spectrum during the last meeting [1]. NR made the following agreement regarding the columns for the parameter values in the PRACH configuration table. 
	The PRACH configuration tables uses the following columns for the parameters with related parameter values
· PRACH Configuration number
· Values: 0-255
· Preamble Format
· Long sequence: 0-3
· Short sequence: A1, A2, A3, A1/B1, A2/B2, A3/B3, B1, B4, C0, C2
· Configuration period
· Values {1,2,4,8,16} (10ms*Nperiod)
· SFN mod Config. period
· For below 6GHz, subframe numbering is used 
· Granularity is 1ms, based on 15kHz SCS
· For short sequence length and SCS = 30kHz, the number of RACH slots in a subframe can be 1 or 2
· When there is only one RACH slot the second RACH slot is used
· For short sequence length and SCS = 15kHz, the number of RACH slots in a subframe is be 1
· RACH slot number is used for above 6GHz 
· 0.25ms granularity based on SCS = 60kHz 
· For the 120kHz SCS the number of RACH slots in 0.25ms can be 1 or 2 
· When there is only one RACH slot the second RACH slot is used
· For the 60kHz SCS the number of RACH slots in 0.25ms is 1
· Start symbol Index (in Msg1 SCS for short sequence and 15kHz for long sequence): 
· Values {0,2} for short sequence
· Values {0,6} for format 2
· Always be 0 for format 0,1,3
· FFS definition of the starting symbol for the unpaired spectrum 
· Number of time domain RACH occasions within a RACH slot
· For preamble format (working assumption), at least the following # of occasions:
· A1: 6
· A2: 3
· A3: 2
· B4: 1
· B1: 6 or 7
· C0: 4
· C2: 2
· A1/B1: 6 or 7
· A2/B2: 3
· A3/B3: 2
· The value is not applicable (N/A) for format 0-3




This contribution focuses on remaining details of PRACH formats in unpaired spectrum.
2. Semi-static DL/UL periodicity patterns and number of RACH occasions in a slot
2.1 Advantages of higher number of RACH occasions in a slot

RAN1 already agreed that only consecutive RACH resources will be supported in NR.
	R1-1721573	Summary of PRACH Remaining details on PRACH formats	Convida Wireless
Agreements:
· NR support consecutive mapping of RACH resources within a RACH slot
· 



RAN1 also made the following agreement regarding the number of RACH occasions in a slot:
	Agreements:
…….
Number of time domain RACH occasions within a RACH slot
· For preamble format (working assumption), at least the following # of occasions:
· A1: 6
· A2: 3
· A3: 2
· B4: 1
· B1: 6 or 7
· C0: 4
· C2: 2
· A1/B1: 6 or 7
· A2/B2: 3
· A3/B3: 2
· The value is not applicable (N/A) for format 0-3



First of all, almost all PRACH preamble formats in the working assumption occupy 12 symbols in a slot. However, PRACH format C0 is two symbol long and above working assumption suggests that there could be four occasions. Hence, the total number of symbols occupied by PRACH format C0 in above working assumption is 8. This might have been a typo. Hence, six number of occasions for PRACH format C0 should be supported.
Proposal 1: NR supports six occasions for PRACH format C0 in a slot. 
Among the currently agreed RACH formats, format A allows a slightly higher cell radius than format B. However, a consecutive set of RACH preambles needs to be either followed by a gap symbol or a PRACH preamble with format B (format A/B). The higher the number of RACH occasions in a slot, the more the opportunity for format A and format A/B and for supporting higher cell radius. Hence, NR should introduce as many occasions in a slot as possible to support higher cell radius.
Observation 1: The higher the number of RACH occasions in a slot, the more the opportunity for format A and format A/B; which leads to a higher cell radius than format B.
Proposal 2: With short PRACH preamble format, NR supports as many PRACH occasions in a slot as possible to enable higher number of occasions for format A and A/B and to support higher cell radius.
However, this brings us to the discussion related to semi-static DL/UL pattern.
2.2 Semi-static DL/UL periodicity patterns in NR

NR made following agreements related to semi-static DL/UL periodicity configurations during the past meeting.
	R1-1709795	WF on assignment for DL and UL transmission	[2]
Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:
· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;
· Each periodicity is supported for particular SCS(s)/slot duration(s)
· FFS: details

Agreements: [3]
· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 
· For DL resources indication, the signaling include:
· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}
· For UL resource indication, the signaling include:
· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 
· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 
· The resource(s) in a period between DL and UL segments are unknown resources.
· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.


Agreements [1]
· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Add additional periodicity 0.625ms (for 120KHz SCS only), 1.25ms (for >=60KHz SCS), and 2.5ms (for >=30KHz SCS)
· Also support 2 concatenated DL-unknown-UL periodicity
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included
· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms
· When two perodicities are included, the corresponding parameters are independently configured.
· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)



During the last RAN1 meeting, some companies proposed semi-static DL/UL TDD configuration to overwrite RACH configuration. However, semi-static DL/UL TDD configuration might be conveyed via RRC signalling or OSI and UE would not know this information during RACH transmission. Besides, several UE vendors did not want to prune RACH slots based on semi-static DL/UL TDD pattern mentioning that this would increase UE complexity. Hence, RAN1 made the following working assumption to tackle this issue:
	Working assumption: [1]
· If the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· UE assumes that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.
· If the Semi-static UL/DL configuration is in OSI
· Symbol index for the unpaired spectrum is also physical symbol index
· UE assume that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.


The previous sub-section showed the advantages of having higher number of RACH occasions in a slot. To preserve this advantage and also allow gNB the flexibility to configure semi-static DL/UL periodicity pattern, RAN1 can also consider over-writing the semi-static DL/UL pattern based on RACH configuration. In this case, if a RACH occasion falls in a DL portion of semi-static DL/UL pattern, the RACH occasion overwrites that particular DL portion, i.e., UE assumes that portion to be DL. In this scenario, introducing start symbol(s) larger than 2 is not needed.
Proposal 3: NR considers over-writing the semi-static DL/UL pattern based on RACH configuration. 
· If a RACH occasion falls in a DL portion of semi-static DL/UL pattern, the RACH occasion overwrites that particular DL portion, i.e., UE assumes that portion to be UL.
· In this scenario, introducing start symbol(s) larger than 2 is not needed.

If proposal 3 is not feasible, RAN1 needs to check which scenario (e.g. sub-6 band, over-6 band, etc.) needs to introduce start symbol(s) larger than 2. 

2.3. Scenarios for considering to introduce starting symbol greater than 2

The agreements shown in previous section show that the minimum semi-static DL/UL periodicity supported in NR is 0.5 ms; which can contain two and four full slots of 60 kHz and 120 kHz SCS respectively. In this scenario, if Gnb allocates 12 consecutive RACH symbols with 120 kHz numerology, it can still ensure at least 75% DL portion within the semi-static DL/UL pattern. For every other semi-static DL/UL pattern which has longer periodicity (e.g. 1 ms, 2 ms, etc.), gNB has more flexibility to ensure higher DL portion while allowing for a full slot (meaning 12 consecutive symbols) RACH. Hence, NR should not introduce starting RACH symbol larger than 2 in millimetre wave TDD RACH configurations.
Observation 2: Even if proposal 3 is not feasible, in over-6 GHz band, network can ensure at least 75% DL portion within a semi-static DL/UL pattern of 500 us periodicity while allowing for a full RACH slot (meaning 12 consecutive symbols) and obtain the benefits from higher cell radius. 
· gNB has the flexibility to support higher than 75% DL portion with longer semi-static DL/UL pattern periodicity. 

Proposal 4: NR does not introduce start symbol(s) larger than 2 in the RACH configuration table in over-6 GHz.
In sub-6 GHz, on the other hand, network can only fit in seven symbols and one slot within 500 us semi-static DL/UL pattern through 15 and 30 kHz numerology respectively. Hence, if proposal 3 is not feasible, network cannot ensure a reasonable amount of DL portion within the semi-static DL/UL pattern period while allowing for 12 symbols of consecutive RACH resources.
Observation 3: If proposal 3 is not feasible, in sub-6 GHz band, network cannot ensure a reasonable amount of DL portion within the semi-static DL/UL pattern period of 500 us while allowing for 12 symbols of consecutive RACH resources.
Proposal 5: If proposal 3 is not feasible, NR introduces start symbol(s) larger than 2 for a limited number of entries in the RACH configuration table in sub-6 GHz.

3. Considerations for RACH Configuration Table Design
NR has agreed to place guaranteed UL portion during the end of each semi-static DL/UL pattern. Hence, RACH configuration design should consider the periodicities of those patterns and place RACH resources at the end of each period. 

In a multi-beam scenario, if gNB has only one RX panel, the RACH occasions corresponding to different SSBs may have to be time division multiplexed. Gnb may increase the RACH configuration period in this scenario to limit RACH overhead. If Gnb has multiple RX panels, it can perform many-to-one mapping between SSBs and RACH and keep RACH configuration period small.
We show one possible example of RACH configuration entry in over-6 GHz below to explain the points mentioned above.
	PRACH
Configuration 
Index
	Preamble format
	

	60 kHz slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	--
	A1
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	0
	1
	6



The PRACH configuration can work for 1 ms semi-static DL/UL periodicity because the RACH resources occur in every 4th 60 kHz slot within a 1 ms period. 
With 120 kHz PRACH SCS, it leads to roughly 6.25% (one out of every eight slots in every other 10 ms period) RACH overhead. It also contains 60 time division multiplexed RACH resources.
Another RACH configuration entry can be the following:
	PRACH
Configuration 
Index
	Preamble format
	

	60 kHz slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	--
	A1
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	0
	1
	6



The entry shown above can work for 2 ms semi-static DL/UL periodicity. RACH resources occur in two slots (7th and 8th slot) of every eight 60 kHz slots.
Proposal 6: Different entries of NR-PRACH configuration table should consider currently agreed semi-static DL/UL pattern periodicities and place RACH occasions towards the end of the period in different patterns.
3.1 Example of RACH configuration patterns in over-6 GHz TDD


Table 1: Example of RACH configuration patterns in over-6 GHz TDD
	PRACH
Configuration 
Index
	Preamble format
	

	60 kHz slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	0
	A1
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	0
	1
	6

	1
	A1/B1
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	6

	2
	B1
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	6

	3
	A2
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	0
	1
	3

	4
	A2/B2
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	3

	5
	A3
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	0
	1
	2

	6
	A3/B3
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	2

	7
	B4
	4
	1,3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	1

	8
	C0
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	6

	9
	C2
	2
	1
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	2

	10
	A1
	4
	3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	0
	1
	6

	11
	A1/B1
	4
	3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	6

	12
	B1
	4
	3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	6

	13
	A2
	4
	3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	0
	1
	3

	14
	A2/B2
	4
	3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	3

	15
	A3
	4
	3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	0
	1
	2

	16
	A3/B3
	4
	3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	2

	17
	B4
	8
	3,7
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	1

	18
	C0
	4
	3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	6

	19
	C2
	4
	3
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	2
	1
	2

	20
	A1
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	0
	1
	6

	21
	A1/B1
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	6

	22
	B1
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	6

	23
	A2
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	0
	1
	3

	24
	A2/B2
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	3

	25
	A3
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	0
	1
	2

	26
	A3/B3
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	2

	27
	B4
	4
	1,3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	1

	28
	C0
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	6

	29
	C2
	2
	1
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	2

	30
	A1
	4
	3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	0
	1
	6

	31
	A1/B1
	4
	3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	6

	32
	B1
	4
	3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	6

	33
	A2
	4
	3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	0
	1
	3

	34
	A2/B2
	4
	3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	3

	35
	A3
	4
	3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	0
	1
	2

	36
	A3/B3
	4
	3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	2

	37
	B4
	8
	3,7
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	1

	38
	C0
	4
	3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	6

	39
	C2
	4
	3
	6, 7, 14, 15, 22, 23, 30, 31, 38, 39
	2
	1
	2





3.2 Example of RACH configuration patterns in sub-6 GHz TDD

Table 1: Example of RACH configuration patterns in sub-6 GHz TDD
	PRACH
Configuration 
Index
	Preamble format
	

	subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	0
	A1
	2
	1
	1,3,5,7,9
	0
	2
	6

	1
	A1/B1
	2
	1
	1,3,5,7,9
	2
	2
	6

	2
	B1
	2
	1
	1,3,5,7,9
	2
	2
	6

	3
	A2
	2
	1
	1,3,5,7,9
	0
	2
	3

	4
	A2/B2
	2
	1
	1,3,5,7,9
	2
	2
	3

	5
	A3
	2
	1
	1,3,5,7,9
	0
	2
	2

	6
	A3/B3
	2
	1
	1,3,5,7,9
	2
	2
	2

	7
	B4
	2
	1
	1,3,5,7,9
	2
	2
	1

	8
	C0
	2
	1
	1,3,5,7,9
	2
	2
	6

	9
	C2
	2
	1
	1,3,5,7,9
	2
	2
	2





Conclusion
Observation 1: The higher the number of RACH occasions in a slot, the more the opportunity for format A and format A/B; which leads to a higher cell radius than format B.
Observation 2: Even if proposal 3 is not feasible, in over-6 GHz band, network can ensure at least 75% DL portion within a semi-static DL/UL pattern of 500 us periodicity while allowing for a full RACH slot (meaning 12 consecutive symbols) and obtain the benefits from higher cell radius. 
· gNB has the flexibility to support higher than 75% DL portion with longer semi-static DL/UL pattern periodicity. 

Observation 3: If proposal 3 is not feasible, in sub-6 GHz band, network cannot ensure a reasonable amount of DL portion within the semi-static DL/UL pattern period of 500 us while allowing for 12 symbols of consecutive RACH resources.

Proposal 1: NR supports six occasions for PRACH format C0 in a slot. 
Proposal 2: NR supports as many PRACH occasions with short PRACH preamble formats in a slot as possible to enable higher number of occasions for format A and A/B and to support higher cell radius.
Proposal 3: NR considers over-writing the semi-static DL/UL pattern based on RACH configuration. 
· If a RACH occasion falls in a DL portion of semi-static DL/UL pattern, the RACH occasion overwrites that particular DL portion, i.e., UE assumes that portion to be UL.
· In this scenario, introducing start symbol(s) larger than 2 is not needed.

Proposal 4: NR does not introduce start symbol(s) larger than 2 in the RACH configuration table in over-6 GHz.
Proposal 5: If proposal 3 is not feasible, NR introduces start symbol(s) larger than 2 for a limited number of entries in the RACH configuration table in sub-6 GHz.
Proposal 6: Different entries of NR-PRACH configuration table should consider currently agreed semi-static DL/UL pattern periodicities and place RACH occasions towards the end of the period in different patterns.
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