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1. Introduction
At the RAN1#91 meeting, remaining issues regarding RACH configuration table and others were discussed and RAN1 made agreements on the concept of the RACH configuration table and contents for the table for below 6 GHz and FDD [1]. In this contribution, we discuss on remaining issues regarding RACH configuration table. In section 2 and 3, the concept and indication method of the RACH configuration table are discussed. In section 4 and 5, we propose the contents for the table for TDD. In section 6, we discuss on the RACH configuration table for NSA operation.

2. Number of time domain RACH occasions within a RACH slot 
At the last meeting, RAN1 made following agreements regarding number of time domain RACH occasions within a RACH slot.

	Agreements:
The PRACH configuration tables uses the following columns for the parameters with related parameter values
· 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



The agreements state that the number of time domain RACH occasions within a RACH slot for C0 format is 4 occasions. However, in case of C0 format, 7 RACH occasions can be located within a RACH slot since time duration needed for C0 format is same as duration of 2 data/control symbols, i.e., 4384 Ts, including CP, SEQ and GP. On the other hand, according to the above agreements, the number of RACH occasions for other PRACH formats except for C0 seems maximum possible number. We guess that agreements for C0 format is just an error, and hence NR should support at least 7 RACH occasions within a RACH slot for C0 format instead of 4 RACH occasions.

Proposal 1: NR support at least 7 time domain RACH occasions within a RACH slot for C0 format.

3. Indication of starting symbol per SCS in RACH configuration table
At the last meeting, RAN1 made following agreements regarding indication in RACH configuration table.

	Agreements:
The PRACH configuration tables uses the following columns for the parameters with related parameter values
· 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



Based on the agreements, for PRACH SCS = 30 kHz or 120 kHz the number of RACH slots in reference granularity, i.e., 1 ms or 0.25 ms respectively, can be configured in RACH configuration table. However, for PRACH SCS = 15 kHz or 60 kHz, the configuration of the number of RACH slots in reference granularity is meaningless. Thus, if two RACH configuration indices have different values of the number of RACH slots in reference granularity and then have same values of other parameters, the two RACH configuration indices are duplicated for PRACH SCS = 15 kHz or 60 kHz. Therefore, our proposal is that different starting symbol index can be defined for different PRACH SCS in a RACH configuration index. For example as shown in Table I, in case that number of RACH slots in reference granularity is 1, starting symbol index for 30 kHz PRACH SCS is 0 and starting symbol index for 15 kHz PRACH SCS is e.g., 8, so that RACH occasions for 15 kHz SCS can be located within a latter half slot. On the other hand, in case that number of RACH slots in reference granularity is 2, starting symbol index for both 15 and 30 kHz PRACH SCS is 0.

Table I	example of RACH configuration indices
	PRACH Config. Index
	Preamble Format
	Config. period
	Slot number with 15 kHz SCS
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	X
	Y
	Z
	K
	L
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	M

	X+1
	Y
	Z
	K
	L
	0
	2
	M



Proposal 2: Different starting symbol index can be defined for different PRACH SCS in a RACH configuration index.

4. RACH configuration table for below 6 GHz and TDD 
For TDD, we should determine RACH configuration table taking into account DL/UL configuration. At the last meeting, we made following working assumption.

	Working assumption:
· 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.



Then, we should determine RACH occasion pattern for each RACH configuration index based on some possible DL/UL configurations. In LTE, DL/UL switching periodicity is 5 or 10 ms, and then in NR we should consider RACH configuration table based on at least 5 or 10 ms DL/UL periodicity for below 6 GHz and TDD. In other words, RACH slot(s) is located at the last slot(s) within 5 and/or 10 ms DL/UL periodicity. In addition, even other DL/UL periodicities have switching point from UL to DL at the same timing as that for 5 or 10 ms DL/UL periodicity. Fig.1 shows switching points from UL to DL for each DL/UL periodicity as red line. Only 2 and 10 ms DL/UL periodicities don’t have switching point from UL to DL after 5 ms, and all other DL/UL periodicities have switching point from UL to DL after 5 and 10 ms. Also,maximum SS burst set duration in below 6 GHz and TDD is 1, 2 or 4 ms. Thus, the pattern where RACH slot(s) is located at the last slot(s) within 5 and/or 10 ms DL/UL periodicity can be applied for all DL/UL periodicities. 

Proposal 3: NR supports RACH occasion pattern where RACH slot(s) is located at the last slot(s) within 5 and/or 10 ms DL/UL periodicity in RACH configuration table for below 6 GHz and TDD.
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Figure.1: Switching points from UL to DL for each DL/UL periodicity

4.1. PRACH formats with short sequence length
For below 6 GHz, possible SSB location is shown in Fig.2.

[image: ]
Figure.2: SSB location for below 6 GHz

Location of RACH slots which can be applied for all cases of SSB location is slot index 4 and 9 even considering 5ms of SS burst set periodicity. Also, this pattern can be aligned with one of typical LTE TDD DL/UL configurations, i.e., TDD config#2 with 2 ms frame boundary shift between LTE and NR. In addition, at least considering PRACH format B1, C0 and A1/B1, 1 or 2 RACH slot(s) is sufficient to map maximum number of SSBs, i.e., 4 or 8, to RACH occasions. Therefore we propose following RACH occasion pattern in RACH configuration table for below 6 GHz and TDD. If number of RACH slots within a subframe is 1, starting symbol index is 0 for 30 kHz SCS and 8 for 15 kHz SCS based on discussion in section 3.
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Figure.3: Four RACH occasion patterns for below 6 GHz and TDD

Proposal 4: NR supports following RACH configuration indices in RACH configuration table for below 6 GHz and TDD.
	PRACH Config. Index
	Preamble Format
	Config. period
	Slot number with 15 kHz SCS
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	X
	B1
	1
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+1
	B1
	1
	9
	0
	0
	2
	7

	X+2
	B1
	1
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+3
	B1
	1
	4, 9
	0
	0
	2
	7

	X+4
	B1
	2
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+5
	B1
	2
	9
	0
	0
	2
	7

	X+6
	B1
	2
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+7
	B1
	2
	4, 9
	0
	0
	2
	7

	X+8
	B1
	4
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+9
	B1
	4
	9
	0
	0
	2
	7

	X+10
	B1
	4
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+11
	B1
	4
	4, 9
	0
	0
	2
	7

	Y
	C0
	1
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+1
	C0
	1
	9
	0
	0
	2
	7

	Y+2
	C0
	1
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+3
	C0
	1
	4, 9
	0
	0
	2
	7

	Y+4
	C0
	2
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+5
	C0
	2
	9
	0
	0
	2
	7

	Y+6
	C0
	2
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+7
	C0
	2
	4, 9
	0
	0
	2
	7

	Y+8
	C0
	4
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+9
	C0
	4
	9
	0
	0
	2
	7

	Y+10
	C0
	4
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+11
	C0
	4
	4, 9
	0
	0
	2
	7

	Z
	A1/B1
	1
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+1
	A1/B1
	1
	9
	0
	0
	2
	7

	Z+2
	A1/B1
	1
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+3
	A1/B1
	1
	4, 9
	0
	0
	2
	7

	Z+4
	A1/B1
	2
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+5
	A1/B1
	2
	9
	0
	0
	2
	7

	Z+6
	A1/B1
	2
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+7
	A1/B1
	2
	4, 9
	0
	0
	2
	7

	Z+8
	A1/B1
	4
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+9
	A1/B1
	4
	9
	0
	0
	2
	7

	Z+10
	A1/B1
	4
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+11
	A1/B1
	4
	4, 9
	0
	0
	2
	7



4.2. PRACH formats with long sequence length
RACH occasion pattern for at least PRACH format 0 and 3, i.e., PRACH formats with 1ms of time duration, can be considered similarly as in section 4.1. Thus, NR supports RACH occasion pattern of PRACH format 0 and 3 where RACH slot indices are 4 and/or 9 for below 6 GHz and TDD.

Proposal 5: NR supports following RACH configuration indices in RACH configuration table for below 6 GHz and TDD.
	PRACH Config. Index
	Preamble Format
	Config. period
	Slot number with 15 kHz SCS
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	X
	0
	1
	9
	0
	N/A
	N/A
	N/A

	X+1
	0
	1
	4, 9
	0
	N/A
	N/A
	N/A

	X+2
	0
	2
	9
	0
	N/A
	N/A
	N/A

	X+3
	0
	2
	4, 9
	0
	N/A
	N/A
	N/A

	X+4
	0
	4
	9
	0
	N/A
	N/A
	N/A

	X+5
	0
	4
	4, 9
	0
	N/A
	N/A
	N/A

	Y
	3
	1
	9
	0
	N/A
	N/A
	N/A

	Y+1
	3
	1
	4, 9
	0
	N/A
	N/A
	N/A

	Y+2
	3
	2
	9
	0
	N/A
	N/A
	N/A

	Y+3
	3
	2
	4, 9
	0
	N/A
	N/A
	N/A

	Y+4
	3
	4
	9
	0
	N/A
	N/A
	N/A

	Y+5
	3
	4
	4, 9
	0
	N/A
	N/A
	N/A



5. RACH configuration table for above 6 GHz and TDD 
In a similar way as the above discussion on RACH configuration table for below 6 GHz and TDD, RACH occasion pattern for each RACH configuration index for above 6 GHz and TDD should be determined based on some possible DL/UL configurations. We think the configuration with DL:UL = 4:1 is possible one since it has similar DL/UL ratio with LTE TDD config#2 and it would well match with SSB slot mapping pattern. For above 6 GHz and TDD with 60 kHz SCS operation, after 4 slots containing SSB locations, there is one slot that does not contain SSB location. For 120 kHz SCS operation, after 8 slots containing SSB locations, there are two slots that do not contain SSB location. Considering HARQ timing and so on, it would be possible operation that after 4 slots containing SSBs, 1 slot containing SSB location is used as UL slot i.e., without transmitting SSB in the slot. Therefore, we should consider at least the case that DL/UL switching periodicity is multiples of 0.625 ms since 4 DL slots with 1 UL slot have 0.625 ms duration in case of 120 kHz SCS operation. 

[image: ]
Figure.4: RACH occasion pattern and location of actually transmitted SS block

Fig.4 (1) shows our proposal of RACH occasion pattern for 120 kHz SCS operation (yellow slots are RACH slot).
This pattern has a RACH slot per 2 UL slots so that all symbols in another UL slot per 2 UL slots is available for other UL data/control, e.g., Msg.3 resource. Also, in this case, maximum number of actual transmitted SS block within SS burst set is 56 since SS blocks in UL slots cannot be transmitted, as shown in Fig.4 (2) and (3). Assuming PRACH format B1, C0 or A1/B1, 7 RACH occasions can be located within a RACH slot and this pattern has 8 RACH slots within 10 ms. Therefore, in case of one-to-one mapping between SSB and RACH occasion, there are 56 RACH occasions for 56 SSBs within 10 ms. We propose this pattern with at least 10 ms, 20ms and 40ms of RACH configuration period.

Proposal 6: NR supports following RACH configuration indices in RACH configuration table for above 6 GHz and TDD, which have the RACH occasion pattern where a RACH slot is located at the last UL slot per two DL/UL periodicity with 0.625 ms.
	PRACH Config. Index
	Preamble Format
	Config. period
	Slot number with 60 kHz SCS
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a 60 kHz SCS slot
	Number of RACH occasions within a RACH slot

	X
	B1
	1
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	X+1
	B1
	2
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	X+2
	B1
	4
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Y
	C0
	1
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Y+1
	C0
	2
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Y+2
	C0
	4
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Z
	A1/B1
	1
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Z+1
	A1/B1
	2
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Z+2
	A1/B1
	4
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7



6. RACH configuration table for NSA
So far, we have discussed on RACH configuration table for initial access with considering RMSI size.  On the other hand, we can consider other RACH configuration table for other use cases than initial access. At least in case of NSA, since there is no UE which attempts initial access in the carrier, we don’t need to care confliction between RACH occasions for initial access and RACH occasions for others. Also, bit size of RACH configuration table in RMSI was determined as 8 bits considering RMSI bit size. On the other hand, for NSA, since RACH configuration index will be indicated in RRC dedicated signalling, we can have more bits for the indication, i.e., larger table size in order to reach more flexible RACH occasion allocation and DL/UL configuration. Therefore, we propose to specify additional RACH configuration table for NSA with more than 8 bits size.

Proposal 7: NR supports additional RACH configuration table with more than 8 bits size for non-standalone operation separately from the table for initial access.

7. Conclusion
In this contribution, we discussed and proposed our view on RACH configuration table. We made the following proposals. 
Proposal 1: NR support at least 7 time domain RACH occasions within a RACH slot for C0 format.
Proposal 2: Different starting symbol index can be defined for different PRACH SCS in a RACH configuration index.
Proposal 3: NR supports RACH occasion pattern where RACH slot(s) is located at the last slot(s) within 5 and/or 10 ms DL/UL periodicity in RACH configuration table for below 6 GHz and TDD.
Proposal 4: NR supports following RACH configuration indices in RACH configuration table for below 6 GHz and TDD.
	PRACH Config. Index
	Preamble Format
	Config. period
	Slot number with 15 kHz SCS
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	X
	B1
	1
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+1
	B1
	1
	9
	0
	0
	2
	7

	X+2
	B1
	1
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+3
	B1
	1
	4, 9
	0
	0
	2
	7

	X+4
	B1
	2
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+5
	B1
	2
	9
	0
	0
	2
	7

	X+6
	B1
	2
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+7
	B1
	2
	4, 9
	0
	0
	2
	7

	X+8
	B1
	4
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+9
	B1
	4
	9
	0
	0
	2
	7

	X+10
	B1
	4
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	X+11
	B1
	4
	4, 9
	0
	0
	2
	7

	Y
	C0
	1
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+1
	C0
	1
	9
	0
	0
	2
	7

	Y+2
	C0
	1
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+3
	C0
	1
	4, 9
	0
	0
	2
	7

	Y+4
	C0
	2
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+5
	C0
	2
	9
	0
	0
	2
	7

	Y+6
	C0
	2
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+7
	C0
	2
	4, 9
	0
	0
	2
	7

	Y+8
	C0
	4
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+9
	C0
	4
	9
	0
	0
	2
	7

	Y+10
	C0
	4
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Y+11
	C0
	4
	4, 9
	0
	0
	2
	7

	Z
	A1/B1
	1
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+1
	A1/B1
	1
	9
	0
	0
	2
	7

	Z+2
	A1/B1
	1
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+3
	A1/B1
	1
	4, 9
	0
	0
	2
	7

	Z+4
	A1/B1
	2
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+5
	A1/B1
	2
	9
	0
	0
	2
	7

	Z+6
	A1/B1
	2
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+7
	A1/B1
	2
	4, 9
	0
	0
	2
	7

	Z+8
	A1/B1
	4
	9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+9
	A1/B1
	4
	9
	0
	0
	2
	7

	Z+10
	A1/B1
	4
	4, 9
	0
	0 (for 30kHz SCS)
8 (for 15kHz SCS)
	1
	7

	Z+11
	A1/B1
	4
	4, 9
	0
	0
	2
	7



Proposal 5: NR supports following RACH configuration indices in RACH configuration table for below 6 GHz and TDD.
	PRACH Config. Index
	Preamble Format
	Config. period
	Slot number with 15 kHz SCS
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	X
	0
	1
	9
	0
	N/A
	N/A
	N/A

	X+1
	0
	1
	4, 9
	0
	N/A
	N/A
	N/A

	X+2
	0
	2
	9
	0
	N/A
	N/A
	N/A

	X+3
	0
	2
	4, 9
	0
	N/A
	N/A
	N/A

	X+4
	0
	4
	9
	0
	N/A
	N/A
	N/A

	X+5
	0
	4
	4, 9
	0
	N/A
	N/A
	N/A

	Y
	3
	1
	9
	0
	N/A
	N/A
	N/A

	Y+1
	3
	1
	4, 9
	0
	N/A
	N/A
	N/A

	Y+2
	3
	2
	9
	0
	N/A
	N/A
	N/A

	Y+3
	3
	2
	4, 9
	0
	N/A
	N/A
	N/A

	Y+4
	3
	4
	9
	0
	N/A
	N/A
	N/A

	Y+5
	3
	4
	4, 9
	0
	N/A
	N/A
	N/A



Proposal 6: NR supports following RACH configuration indices in RACH configuration table for above 6 GHz and TDD, which have the RACH occasion pattern where a RACH slot is located at the last UL slot per two DL/UL periodicity with 0.625 ms.
	PRACH Config. Index
	Preamble Format
	Config. period
	Slot number with 60 kHz SCS
	SFN mod Config. period
	Start symbol Index
	Number of RACH slots within a 60 kHz SCS slot
	Number of RACH occasions within a RACH slot

	X
	B1
	1
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	X+1
	B1
	2
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	X+2
	B1
	4
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Y
	C0
	1
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Y+1
	C0
	2
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Y+2
	C0
	4
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Z
	A1/B1
	1
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Z+1
	A1/B1
	2
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7

	Z+2
	A1/B1
	4
	4, 9, 14, 19, 24, 29, 34, 39
	0
	0
	1
	7



[bookmark: _GoBack]Proposal 7: NR supports additional RACH configuration table with more than 8 bits size for non-standalone operation separately from the table for initial access.
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