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1. Introduction
[bookmark: _Hlk528680199]In RAN4#110 meeting, companies have discussed on Rel-18 NR coverage enhancement demodulation requirements. Following WF was agreed [1]:
Coverage of frequency range (FR) for Multiple PRACH transmission
· Cover FR1 for 1x2 only

PRACH repetition number for BS performance requirements for Multiple PRACH transmission
Way forward for the next meeting:
· Companies to further check the simulation assumptions including TDD pattern, PRACH repetition interval for both FR1 and FR2.
· For the repetition number, keep the previous meeting agreement before simulation assumption agreed.

Channel model for BS performance requirements for Multiple PRACH transmission
· TDLA30-300 Low for FR2-1
· TDLC 300-100 Low for FR1.
· Companies to provide simulation results for both AWGN and fading channels for simulation result alignment purpose.

Sub Carrier Spacing for BS performance requirements for PRACH repetitions
· For FR1: 15kHz and 30kHz 
· For FR2-1: Agree with 120 kHz and FFS for 60 kHz. Encourage operators to provide input.

Timing error tolerance for PRACH repetition test requirements
· Candidate options:
· FR1:
	PRACH  
	PRACH SCS  
	Time error tolerance 

	preamble 
	(kHz) 
	AWGN 
	TDLC300-100 

	B4, A2, C2
	15 
	0.52 us 
	2.03 us 

	 
	30 
	0.26 us 
	1.77 us 


· FR2-1
	PRACH  
	PRACH SCS  
	Time error tolerance 

	preamble 
	(kHz) 
	AWGN 
	TDLA30-300 

	B4, A2, C2
	60 
	0.13 us 
	0.28 us 

	 
	120 
	0.07 us 
	0.22 us 



In this contribution, open issues will be further analyzed for multiple PRACH transmission requirements since it was agreed not to define power domain enhancements.     

2. Discussion
2.1	Number of Repetitions and PRACH configuration index
The repetition number for initial simulation was agreed as 2 in previous meetings. With 2 repetitions, the gain of this feature is around 2~2.5dB compared to legacy PRACH transmission. It is no necessary to increase repetition times. Furthermore, one concern was raised by companies that the time domain interval between two repetitions will impact the performance under fading channel. Increasing repetition number would increase test time heavily. 
[bookmark: _Toc163509173]Proposal 1	Keep the previous agreement to use 2 repetitions for multiple PRACH transmission demodulation requirements.

The motivation of considering different interval between PRACH repetitions is that the combined PRACH sequences should belong to the same SSB index, and the performance would be quite different between different interval under fading channel based on LTE CE discussion. 
In LTE CE requirement, 10ms period is considered for the requirement [2]. PRACH configuration index {3, 19, 35, 51} for format 0/1/2/3 respectively can only transmitted on subframe #1 per 10ms. 
[image: ]
[image: ]
LTE use single PBCH beam for coverage and its period is fixed as 10ms, so all PRACH occasions belong to same PBCH beam. The PRACH configuration indexes used in LTE CE requirements only picked from frame structure type 1 (FDD), and PRACH configuration indexes from frame structure type 2 (TDD) is not involved in the requirements. It is not clear how to apply this requirement to LTE TDD product.
[bookmark: _Toc163509163]Only PRACH configuration indexes for FDD frame structure are used in LTE CE demodulation requirements.
[bookmark: _Toc163509164]The time interval between repetitions in LTE CE demodulation requirements is 10ms.

In NR, there would be multiple SSB beams within 5ms burst and SSB period could be 10ms, 20ms, 40ms, 80ms and 160ms. The typical SSB period is 20ms. The relationship between SSB index and RACH occasions is also flexible which can be multiple SSB indexes mapping to 1 RACH occasion or 1 SSB index mapping to multiple RACH occasions. For Marco deployment and high traffic load scenario, relatively small SSB period would be used to give UE more chances of access. Smaller SSB duration might be typical for coverage enhancement by increasing access occasions.
[bookmark: _Toc163052419][bookmark: _Toc163398520][bookmark: _Toc163509165]Different SSB implementation would have different impact on SSB index and RO relationship.
In our simulation investigations [3], format A2 with different slot intervals between PRACH repetitions under fading channel are compared, see figure below. 
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Table 2.1-1 Performance summary for A2 with different repetition intervals under fading channel 
	FR1 Interval 
	0.5ms
	1ms
	2.5ms
	5ms
	10ms
	15ms

	15kHz 
	-
	-11.3dB
	-
	-11.76dB
	-12.54dB
	-12.54dB

	30kHz
	-11.4dB
	-
	-11.32dB
	-12.11dB
	-12.91dB
	-12.97dB

	FR2-1 interval
	0.125ms
	0.25ms
	1.25ms
	2.5ms
	3.2ms
	5ms

	60kHz
	-
	-10.3dB
	-10.72dB
	-11.92dB
	-
	-11.84dB

	120kHz 
	-10.6dB
	-
	-11.52dB
	-12.5dB
	-12.93dB
	-



Observing from our results in Table 2.1-1, the increasing time domain gap would increase the performance a bit but get to a constant value when interval is large enough. The performance gap of A2 could be around 1.5dB for FR1 and 2.3dB for FR2-1. And the performance gets constant when the interval is larger than a certain value, e.g., 10ms for FR1 and 5ms for FR2-1.
[bookmark: _Toc163052421][bookmark: _Toc163398522][bookmark: _Toc163509166]The performance difference can reach to 2.3dB between the minimum interval (1 slot) and the large interval. 
[bookmark: _Toc163509167]The performance gets constant when the interval is larger than a certain value, e.g., 10ms for FR1 and 5ms for FR2-1. 

From the requirement perspective, it would be good to have large enough interval for fading channel to avoid variety between tests. In that case, the selected PRACH configuration index should have >=5 slots interval between two PRACH transmission slots. Furthermore, the relationship between typical TDD pattern and PRACH configuration index should be checked.
From the conformance test perspective, no SSB is transmitted and only test instrument transmits configured PRACH sequence. It is normally assumed one UE for UL transmission. It might be possible to configure SSB-to-RO association pattern K as 1 and no frequency domain multiplexing is used during the test. Each PRACH repetition could occupy one selected RO according to configuration. The current implementation of TE should be checked to see if there are any limitations. 
There are some candidate PRACH configuration indexes in Table 6.3.3.2-2, Table 6.3.3.2-3 and Table 6.3.3.2-4 could be considered which have time gap larger than 5 slots/subframes between 2 PRACH repetitions, see Table A-1 to A-3 in Annex. To reduce the test time, only x=1 and y=0 is selected here which means PRACH can be transmitted in every frame.  The compatible mode is not selected. 
For FR1 15kHz SCS in FDD, there is no suitable index for format B4 since all indexes indicate 2 occasions in 1ms subframe which means at least 24 symbols are needed and exceed the 15kHz SCS subframe grid. Regarding long formats are normally used for low band FDD scenario, it might not be an issue since no product would support B4 for FDD bands.
Some PRACH configuration indexes only have 1 occasion in a subframe while others have multiple occasions, see Figure A-1 to A-3 in Annex. To have enough time interval between repetitions, only the first occasions in one subframe or 60kHz slot could be used for PRACH transmission.
[bookmark: _Toc163509168]Different PRACH configuration indexes are used for FR1 paired spectrum (FDD) and unpaired spectrum (TDD). 
[bookmark: _Toc163509169]Different PRACH configuration indexes are used for frame structures of different SCS.
[bookmark: _Toc163509170]It is general that there are multiple PRACH occasions in a subframe for FR1 or a 60kHz slot for FR2-1.
[bookmark: _Toc163509171]No PRACH configuration index for B4 in FR1 paired spectrum (FDD) can be applied in 15kHz SCS frame structure.

Reconsidering TDD pattern again, different PRACH configuration index would suit for different TDD pattern and how to choose proper index for conformance test would be a question here. Table 2.1-2 capture typical TDD patterns with its UL subframe/slot locations used in RAN4 specifications. The corresponding suitable PRACH indexes from A-1 to A-3 are also captured.   
Table 2.1-2 Typical TDD patter per SCS and suitable PRACH configuration index
	SCS [kHz]
	TDD pattern
	UL subframe (FR1) or 60kHz slot (FR2) in a frame
	Suitable configuration index in Table A1 – A3

	
	
	
	A2 
	B4
	C2

	15
	UUUUUUUUUU
	0~9
	127, 128, 129, 139
	\
	246, 247, 248

	
	DDDSU
	4, 9
	100, 101, 104
	157, 159, 160, 162
	202, 203, 205

	30
	DDDDDDDSUU
	4, 9
	99, 100, 101, 104
	157, 159, 160, 161,162
	201, 202, 203, 205

	
	DDDSU
	2*, 4, 7*, 9
	100, 101, 104
	157, 159, 160, 162
	202, 203, 205

	
	DDDSUDDSUU
	2*, 4, 7*, 9
	99, 100, 101, 104
	157, 159, 160, 161,162
	201, 202, 203, 205

	
	DDDSUUDDDD
	2, 7
	96, 97,101,102
	156, 158, 
	\

	
	DSUU
	1, 3, 5, 7, 9
	97, 99, 100
	155, 158, 159, 160, 161
	201, 202, 203

	
	DSSU
	1, 3, 5, 7, 9
	97, 100
	155, 158, 159, 160
	202, 203

	60
	DDDSU
	4, 9, 14, 19, 24, 29, 34, 39
	41, 43, 52, 53
	126, 135
	185, 187, 196

	
	DDSU
	3, 7, 11, 15, 19, 23, 27, 31, 35, 39
	47
	129
	191

	120
	DDDSU
	2*, 4, 7*, 9, 12*, 14, 17*, 19, 22*, 24, 27*, 29, 32*, 34, 37*, 39
	41, 43, 52, 53
	126, 135
	185, 187, 196

	
	DDSU
	1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39
	47
	129
	191

	*Note: The UL slot is only located at the second slot in a subframe or 60kHz slot grid.



Since no proper B4 index can be applied for FDD deployment, we could only consider define requirement for TDD deployment to avoid complexity. To cover the most of typical TDD patterns (e.g., DDDSU for 15/60/120kHz SCS, 7D1S2U for 30kHz SCS) and enough interval between two occasions in consecutive girds, it is proposed to have 10ms intervals for FR1 and 5ms intervals for FR2-1. 
In RAN1 discussion, some procedures and configurations are introduced for multiple PRACH transmission.
[image: F or a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO 
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The timing offset mentioned in agreements above is defined in TS38.331 as msg1-RepetitionTimeOffsetROGroup. 
[image: msg 1 -Repetition TjmeOffsetROGroup 
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n4, n8,nl , for RO rou s for MSGI re 
tion number 2 ]

By checking the candidate indexes in Table 2.1-2, we can find some common indexes marked with yellow can be used for most of test cases. They are summarized in Table 2.1-3 below. 
· For all test cases, ssb-perRACH-Occasion could be configured to 1. Only the first RO is used in each RO group for all cases.
· For FR1 TDD, 2 repetitions are used within 20ms time period and there is one RO in each group. No msg1-RepetitionTimeOffsetROGroup is configured.
· For FR2-1 TDD, 2 repetitions are used within 10ms time period. 
· For format A2 index 41 and C2 index 185, there are two ROs in each RO group. No msg1-RepetitionTimeOffsetROGroup is configured.
· For format B4 index 135, there is one ROs in each RO group. Configure msg1-RepetitionTimeOffsetROGroup = n4. 

All above configurations can be seen in figures below. It would be necessary to check with TE vendors on limitations.  
Table 2.1-3 Proposed PRACH configuration index summary
	SCS [kHz]
	TDD pattern
	A2
	B4
	C2

	
	
	Index
	Interval [ms]
	Index
	Interval [ms]
	Index
	Interval [ms]

	15
	FDD
	127
	10
	\
	\
	246
	10

	
	DDDSU
	100
	10
	159
	10
	202
	10

	30
	7D1S2U, DDDSU, 
DDDSUDDSUU
DSUU
DSSU
	100
	10
	159
	10
	202
	10

	60
	DDDSU
	41
	5
	135
	1.25  5
	185
	5

	120
	DDDSU
	41
	5
	135
	1.25  5
	185
	5


  [image: ]
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[bookmark: _Toc163509174]Proposal 2 	Only consider PRACH configuration index for typical TDD pattern in demodulation requirements to avoid complexity. 
[bookmark: _Toc163509175]Proposal 3	Only use the first PRACH occasion in each PRACH group.	 
[bookmark: _Toc163509176]Proposal 4	Use PRACH configuration index with 10ms interval for FR1 and 5ms interval for FR2-1 between two PRACH repetitions. 
[bookmark: _Toc163509177]Proposal 5	Consider following configurations as the start point of discussion for PRACH repetition demodulation requirements to cover typical TDD pattern.
· [bookmark: _Toc163509178]Set ssb-perRACH-Ocassion =1 if necessary.
· [bookmark: _Toc163509179]FR1 TDD: 
· [bookmark: _Toc163509180]Take PRACH Configuration Indexes {100, 159, 202} for A2, B4 and C2 respectively.
· [bookmark: _Toc163509181]No msg1-RepetitionTimeOffsetROGroup is configured.
· [bookmark: _Toc163509182]FR2-1 TDD: 
· [bookmark: _Toc163509183]Take PRACH Configuration Indexes {41, 135, 185} for A2, B4 and C2 respectively. 
· [bookmark: _Toc163509184]For A2 and C2, no msg1-RepetitionTimeOffsetROGroup is configured.
· [bookmark: _Toc163509185]For B4, msg1-RepetitionTimeOffsetROGroup = n4 is configured.
[bookmark: _Toc163509186]Proposal 6 	Check with TE vendors on corresponding limitations of implementation. 
[bookmark: _Toc163052428]As for other TDD patterns can’t use the indexes in requirements, a note could be added to indicate tester to choose proper PRACH configuration index to have larger interval between repetitions.
[bookmark: _Toc163398529][bookmark: _Toc163052429][bookmark: _Toc163398530][bookmark: _Toc163509172]A note on how to choose PRACH configuration index for different TDD patterns might be needed.
2.2	60kHz SCS
From the requirement coverage perspective, it would be better to have 60kHz SCS requirement to align with other coverage enhancement requirements, e.g., TBoMS and DM-RS bundling.  
However, only 120kHz SCS is deployed in current commercial network, so it would not be necessary to have 60kHz SCS since no product would support it. At current stage, more simulations might be needed to check the impact of the interval between repetitions if 60kHz is introduced. In that case, we slightly prefer not to define 60kHz SCS requirement to save effort. 
[bookmark: _Toc163509187]Proposal 7 	Don’t consider 60kHz SCS requirements to save effort. 

2.3	Manufactory declaration
	Declaration identifier
	Declaration
	Description
	Applicability
(Note 1)

	
	
	
	BS type 1-H
(Note 2)
	BS type 1-O
	BS type 2-O

	
	PRACH format and SCS for Multiple PRACH transmission
	Declaration of the supported PRACH format(s) as specified in TS 38.211 for Multiple PRACH transmission, i.e., format: A2, B4, C2.
Declaration of the supported SCS(s) per supported PRACH format with short sequence for Multiple PRACH transmission, as specified in TS 38.211, i.e.: 
- For BS type 1-O: 15 kHz, 30 kHz or both.
- For BS type 2-O: 60 kHz, 120 kHz or both.
	c
	x
	x



The declaration for multiple PRACH transmission could only mention applied formats. There already has declaration for SCS (D.14), so it is no need to duplicate SCS declaration here. Furthermore, a similar declaration is also needed for conducted tests. 
[bookmark: _Toc163509188]Proposal 8 	Take following manufactory declarations for conducted conformance tests and radiated conformance tests separately. 
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-C
	BS type 1-H

	D.xxx
	PRACH format for Multiple PRACH transmission
	Declaration of the supported PRACH format(s) as specified in TS 38.211 for Multiple PRACH transmission, i.e., format: A2, B4, C2..
	x
	x



	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-H
(Note 2)
	BS type 1-O
	BS type 2-O

	D.yyy
	PRACH format for Multiple PRACH transmission
	Declaration of the supported PRACH format(s) as specified in TS 38.211 for Multiple PRACH transmission, i.e., format: A2, B4, C2.
	c
	x
	x




2.4	Applicability rule 
	Applicability of requirements for different formats
Unless otherwise stated, Multiple PRACH transmission requirements shall apply only for each PRACH format declared to be supported.
Applicability of requirements for different subcarrier spacings
Unless otherwise stated, for each PRACH format with short sequence for Multiple PRACH transmission requirements declared to be supported, for each FR, the tests shall apply only for the smallest supported subcarrier spacing in the FR. 
Applicability of requirements for different channel bandwidths
Unless otherwise stated, for the subcarrier spacing to be tested, Multiple PRACH transmission requirements shall apply only for anyone channel bandwidth declared to be supported.



Regarding new manufactory declaration will be introduced, it would be better to have separate applicability rule for PRACH repetition requirements. The candidate option in WF seems feasible. 
[bookmark: _Toc163509189]Proposal 9 	Take candidate applicability rule above for PRACH repetition demodulation requirements in separate section in specification.
As discussed above, we could only consider typical TDD pattern for the requirement to void complexity. But it would be better to have an applicability rule for different TDD patterns because selected PRACH configuration index might not be suitable for the BS under tests. 
Similar as LTE CE, a note could be added in the requirement table to indicate that what PRACH configuration indexes and TDD pattern are used for the requirement. Another note could indicate test to choose proper index according to TDD pattern and have large enough interval between repetitions. Following sentence could be considered as start point. 
Note: Under fading channel, the PRACH detection performance may be significantly different with different PRACH Configuration Indexes. The requirements in this table are defined based on the simulation results with PRACH Configuration Indexes {[100], [159], [202]} for format A2, B4 and C2 respectively with UL-DL configuration DDDSU. The requirement could be applied for other TDD pattern if the time interval between repetitions is >=10ms by selected PRACH Configuration index and msg1-RepetitionTimeOffsetROGroup.

[bookmark: _Toc163509190]Proposal 10	Add a note to the requirement table to indicate the applicability for other TDD patterns.


3. Conclusions
 In the previous sections we made the following observations: 
Observation 1	Only PRACH configuration indexes for FDD frame structure are used in LTE CE demodulation requirements.
Observation 2	The time interval between repetitions in LTE CE demodulation requirements is 10ms.
Observation 3	Different SSB implementation would have different impact on SSB index and RO relationship.
Observation 4	The performance difference can reach to 2.3dB between the minimum interval (1 slot) and the large interval.
Observation 5	The performance gets constant when the interval is larger than a certain value, e.g., 10ms for FR1 and 5ms for FR2-1.
Observation 6	Different PRACH configuration indexes are used for FR1 paired spectrum (FDD) and unpaired spectrum (TDD).
Observation 7	Different PRACH configuration indexes are used for frame structures of different SCS.
Observation 8	It is general that there are multiple PRACH occasions in a subframe for FR1 or a 60kHz slot for FR2-1.
Observation 9	No PRACH configuration index for B4 in FR1 paired spectrum (FDD) can be applied in 15kHz SCS frame structure.
Observation 10	A note on how to choose PRACH configuration index for different TDD patterns might be needed.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Keep the previous agreement to use 2 repetitions for multiple PRACH transmission demodulation requirements.
Proposal 2 	Only consider PRACH configuration index for typical TDD pattern in demodulation requirements to avoid complexity.
Proposal 3	Only use the first PRACH occasion in each PRACH group.
Proposal 4	Use PRACH configuration index with 10ms interval for FR1 and 5ms interval for FR2-1 between two PRACH repetitions.
Proposal 5	Consider following configurations as the start point of discussion for PRACH repetition demodulation requirements to cover typical TDD pattern.
	Set ssb-perRACH-Ocassion =1 if necessary.
	FR1 TDD:
o	Take PRACH Configuration Indexes {100, 159, 202} for A2, B4 and C2 respectively.
o	No msg1-RepetitionTimeOffsetROGroup is configured.
	FR2-1 TDD:
o	Take PRACH Configuration Indexes {41, 135, 185} for A2, B4 and C2 respectively.
o	For A2 and C2, no msg1-RepetitionTimeOffsetROGroup is configured.
o	For B4, msg1-RepetitionTimeOffsetROGroup = n4 is configured.
Proposal 6 	Check with TE vendors on corresponding limitations of implementation.
Proposal 7 	Don’t consider 60kHz SCS requirements to save effort.
Proposal 8 	Take following manufactory declarations for conducted conformance tests and radiated conformance tests separately.
Proposal 9 	Take candidate applicability rule above for PRACH repetition demodulation requirements in separate section in specification.
Proposal 10	Add a note to the requirement table to indicate the applicability for other TDD patterns.
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Annex Candidate PRACH configuration index

Table A-1 Candidate PRACH configuration index for FR1 and paired spectrum
	PRACH
Config. 
Index
	Preamble format
	
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	
	
	[image: ]
	[image: ]
	
	
	
	
	

	127
	A2
	1
	0
	4
	0
	1
	3
	4

	128
	A2
	1
	0
	1,6
	0
	1
	3
	4

	129
	A2
	1
	0
	4,9
	0
	1
	3
	4

	130
	A2
	1
	0
	1
	0
	2
	3
	4

	131
	A2
	1
	0
	7
	0
	2
	3
	4

	132
	A2
	1
	0
	2,7
	0
	2
	3
	4

	209
	B4
	1
	0
	1
	0
	2
	1
	12

	210
	B4
	1
	0
	4
	0
	2
	1
	12

	211
	B4
	1
	0
	7
	0
	2
	1
	12

	212
	B4
	1
	0
	1,6
	0
	2
	1
	12

	213
	B4
	1
	0
	2,7
	0
	2
	1
	12

	214
	B4
	1
	0
	4,9
	0
	2
	1
	12

	246
	C2
	1
	0
	4
	0
	1
	2
	6

	247
	C2
	1
	0
	1,6
	0
	1
	2
	6

	248
	C2
	1
	0
	4,9
	0
	1
	2
	6

	249
	C2
	1
	0
	1
	0
	2
	2
	6

	250
	C2
	1
	0
	7
	0
	2
	2
	6

	251
	C2
	1
	0
	2,7
	0
	2
	2
	6



Figure A-1 capture the time domain allocation of PRACH occasions in a subframe by candidate PRACH configuration index in Table A-1.  
[image: ]
Figure A-1 Occasion allocation in a subframe indicated by PRACH configuration index in Table A-1

Table A-2 Candidate PRACH configuration index for FR1 and unpaired spectrum
	PRACH
Config. 
Index
	Preamble format
	
	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	
	
	[image: ]
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	96
	A2
	1
	0
	2
	0
	1
	3
	4

	97
	A2
	1
	0
	7
	0
	1
	3
	4

	99
	A2
	1
	0
	9
	0
	2
	3
	4

	100
	A2
	1
	0
	9
	9
	1
	1
	4

	101
	A2
	1
	0
	9
	0
	1
	3
	4

	102
	A2
	1
	0
	2,7
	0
	1
	3
	4

	104
	A2
	1
	0
	4,9
	0
	1
	3
	4

	155
	B4
	1
	0
	1
	0
	1
	1
	12

	156
	B4
	1
	0
	2
	0
	1
	1
	12

	157
	B4
	1
	0
	4
	0
	1
	1
	12

	158
	B4
	1
	0
	7
	0
	1
	1
	12

	159
	B4
	1
	0
	9
	0
	1
	1
	12

	160
	B4
	1
	0
	9
	2
	1
	1
	12

	161
	B4
	1
	0
	9
	0
	2
	1
	12

	162
	B4
	1
	0
	4,9
	2
	1
	1
	12

	201
	C2
	1
	0
	9
	2
	2
	2
	6

	202
	C2
	1
	0
	9
	8
	1
	1
	6

	203
	C2
	1
	0
	9
	2
	1
	2
	6

	205
	C2
	1
	0
	4,9
	2
	1
	2
	6



Figure A-2 capture the time domain allocation of PRACH occasions in a subframe by candidate PRACH configuration index in Table A-2.  
[image: ]
Figure A-2 Occasion allocation in a subframe indicated by PRACH configuration index in Table A-2

Table A-3 Candidate PRACH configuration index for FR2 and unpaired spectrum
	PRACH
Config. 
Index
	Preamble format
	
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	[image: ],
number of time-domain PRACH occasions within a PRACH slot
	[image: ],
PRACH duration

	
	
	[image: ]
	[image: ]
	
	
	
	
	

	4b1
	A2
	1
	0
	19,39
	5
	1
	2
	4

	43
	A2
	1
	0
	24,29,34,39
	5
	1
	2
	4

	44
	A2
	1
	0
	9,19,29,39
	5
	2
	2
	4

	46
	A2
	1
	0
	9, 19, 29, 39
	0
	2
	3
	4

	47
	A2
	1
	0
	7,15,23,31,39
	0
	1
	3
	4

	52
	A2
	1
	0
	4,9,14,19,24,29,34,39
	5
	1
	2
	4

	53
	A2
	1
	0
	4,9,14,19,24,29,34,39
	0
	1
	3
	4

	124
	B4
	1
	0
	19, 39
	2
	2 
	1
	12

	126
	B4
	1
	0
	24,29,34,39
	2
	1
	1
	12

	127
	B4
	1
	0
	9,19,29,39
	2
	2 
	1
	12

	128
	B4
	1
	0
	9,19,29,39
	0
	2
	1
	12

	129
	B4
	1
	0
	7,15,23,31,39
	0
	1 
	1
	12

	130
	B4
	1
	0
	7,15,23,31,39
	0
	2
	1
	12

	135
	B4
	1
	0
	4,9,14,19,24,29,34,39
	0
	1 
	1
	12

	136
	B4
	1
	0
	4,9,14,19,24,29,34,39
	2
	2
	1
	12

	185
	C2
	1
	0
	19,39
	2
	1
	2
	6

	187
	C2
	1
	0
	24,29,34,39
	7
	1
	1
	6

	188
	C2
	1
	0
	9,19,29,39
	7
	2
	1
	6

	190
	C2
	1
	0
	9,19,29,39
	2
	2 
	2
	6

	191
	C2
	1
	0
	7,15,23,31,39
	2
	1
	2
	6

	195
	C2
	1
	0
	4,9,14,19,24,29,34,39
	7
	2
	1
	6

	196
	C2
	1
	0
	4,9,14,19,24,29,34,39
	2
	1 
	2
	6



Figure A-3 capture the time domain allocation of PRACH occasions in a subframe by candidate PRACH configuration index in Table A-3.  
[image: ]
Figure A-3 Occasion allocation in a subframe indicated by PRACH configuration index in Table A-3
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Table 5.7.1-2: Frame structure type 1 random access configuration for preamble formats 0-3

Coit?(ﬁl(r;;ion Preamble S#::s;n Subframe Coit?(ﬁl(r;;ion Preamble S#::s;n Subframe

iaen Format e number iaen Format e number
0 0 Even 1 32 2 Even 1

1 0 Even 4 33 2 Even 4

2 0 Even 7 34 2 Even 7

3 0 An 1 35 2 An 1

ﬁ_Fhﬂ*h_

5 0 Any 7 37 2 Any 7

6 0 Any 1,6 38 2 Any 1,6

7 0 Any 27 39 2 Any 27

8 0 Any 3.8 40 2 Any 3.8

9 0 Any 1,4,7 41 2 Any 1,4,7
10 0 Any 2,58 42 2 Any 2,58
11 0 Any 3,6,9 43 2 Any 3,6,9
12 0 Any 0,2,4,6,8 44 2 Any 0,2,4,6,8
13 0 Any 1,3,5,7,9 45 2 Any 1,3,5,7,9
14 0 Any 0.1,2,3,4, 46 N/A N/A N/A

5,6,7,89

15 0 Even 9 47 2 Even 9

16 1 Even 1 48 3 Even 1

17 1 Even 4 49 3 Even 4

18 1 Even 7 50 3 Even 7

19 1 An 1 51 3 An 1

ﬂﬁ_h?h_

21 1 Any 7 53 3 Any 7

22 1 Any 1,6 54 3 Any 1,6

23 1 Any 27 55 3 Any 27

24 1 Any 3.8 56 3 Any 3.8

25 1 Any 1,4,7 57 3 Any 1,4,7
26 1 Any 2,58 58 3 Any 2,58
27 1 Any 3,6,9 59 3 Any 3,6,9
28 1 Any 0,2,4,6,8 60 N/A N/A NIA

29 1 Any 1,3,5,7,9 61 N/A N/A N/A

30 N/A N/A /2 62 N/A N/A N/A

31 1 Even 9 63 3 Even 9
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For a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO
within a time period X:

- Ifatime offsct is configured, then

> the starting RO of the first RO group for cach ng, is determined from the first valid RO within
the time period X, first in increasing order of frequency resource index for frequency multiplexed
PRACH occasions; sccond in increasing order of time resource index.

» the starting RO of the n-th RO group for cach ng, is determined as the RO at the time offset
cqual to a number of valid ROs from the starting RO of the (1-1)-th RO group for the same ng,.

—~ Iftime offst is not configured, then
> the starting RO of the first RO group is the first valid RO within the time period X.

> the starting RO of other RO groups are determined as the first valid RO after the previous RO
group in the following order within the time period X: first, in increasing order of frequency
resource indexes for frequency multiplexed PRACH occasions: second, in increasing order of
time resource indexes.
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For the number of SSB-to-RO association pattern periods K within the time period X,
* Formultiple PRACH transmissions with different numbers, support

One common K is implicitly determined as a minimu integer for all the configured number of multiple PRACH
transmissions such that for each of NS? SSB, there is at least one RO group per each configured number
of multiple PRACH transmissions consisting of ROs associated with the SSB.




image8.png
msg1-RepetitionTimeOffsetROGroup
Indicates a time offset of the starting ROs between two successive RO groups for a given repetition number (2, 4 or 8) associated with this FeatureCombinationPreambles for
‘each frequency resource index within a time period (see TS 38.213 [13]). If this fisld is absent, the time offset is implicitly determined (see TS 38.213 [13]).

For each MSGH repetiion number, the following values are applicable.
+ {n18), for RO groups for MSG1 repetition number 8

+ {n8, 18}, for RO groups for MSG1 repetition number 4

+{n4, n8, n16}, for RO groups for MSG1 repetition number 2.
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Table 8.4.2.1-3 PRACH missed detection requirements for coverage enhancement (PRACH

frequency hopping OFF)
Number | Number | Propagation | Frequency | Number of SNR [GB]
of X | ofRX | condifionsand offset Repetitions [ Burst | Burst | Burst | Burst
antennas | antennas | correlation matrix format | format | format | format
(Annex B) 0 1 2 3
T b AWGN g 3 - 213 [ 211
5 IR I -
75 - B )
7l 556 | B3] - B
EPAT Lo, TR [ - B PR B
3 B P -
76 w72 | 72
3 00 [ g6
Note 1: Under fading channels, the PRACH detection performance may be significantly different with dmevem PRACH

Configuration Indexes. The requirements i this table are defined based on the simulation results with

PRACH Configuration Indexes (3, 19, 35, 51) for Format 0, Format 1, Format 2, and Format 3 respectively.





