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RACH agreements and working assumptions in RAN1 #92 include the following:

Working assumption:
· To adopt the following TP to section 6.3.3.2 of 38.211
· Note: in total now there are 71 (long sequences)+185 (short sequences) = 256 configurations
· Note:
·  Editor to complete the indices for PRACH configuration (after the indices for the long sequences)

============ Text proposal 38.211, section 6.3.3.2 =======================
Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum (short sequences)
	PRACH
Configuration 
Index
	Preamble format
	

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

	
	
	

	

	
	
	
	

	
	A1
	16
	1
	9
	0
	2
	6

	
	A1
	8
	1
	9
	0
	2
	6

	
	A1
	4
	1
	9
	0
	1
	6

	
	A1
	2
	1
	2,3,4,7,8,9
	0
	1
	6



<part of table omitted>

	
	C2
	1
	0
	1,3,5,7,9
	2
	1
	2

	
	
	
	
	
	
	
	

	
	C2
	8
	1
	9
	8
	2
	1

	
	C2
	4
	1
	9
	8
	1
	1


============================================================================



Working assumption:
· For Random access configurations for FR2 and unpaired spectrum (short sequence)
· The ones in yellow background are not final

	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60kHz slot
	Number of time domain PRACH occasions within a RACH slot

	
	
	[image: ]
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	0
	A1
	1
	0
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	1
	A1
	1
	0
	4,9,14,19,24,29,34,39
	7
	1
	3

	2
	A1
	1
	0
	24,29,34,39
	0
	2 or 1
	6

	3
	A1
	1
	0
	24,29,34,39
	7
	1
	3

	4
	A1
	1
	0
	18,19,38,39
	0
	2 or 1
	6

	5
	A1
	1
	0
	18,19,38,39
	7
	1
	3

	6
	A1
	1
	0
	0,1,2,…,39
	0
	2 or 1
	6

	7
	A1
	1
	0
	0,1,2,…,39
	7
	1
	3

	8
	A1
	1
	0
	23,27,31,35,39
	0
	2 or 1
	6

	9
	A1
	1
	0
	23,27,31,35,39
	7
	1
	3

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

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

	12
	A1
	1
	0
	1,3,5,7,…,37,39
	0
	2 or 1
	6

	13
	A1
	1
	0
	7,15,23,31,39
	0
	2 or 1
	6

	14
	A1
	1
	0
	7,15,23,31,39
	7
	1
	3

	15
	A1
	16
	0
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	16
	A1
	16
	1
	[3,]7,[11,]15,[19,]23,[27,]31,[35,]39
	0 or 7
	1
	6 or 3

	17
	A1
	8
	1
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	18
	A1
	8
	1
	[3,]7,[11,]15,[19,]23,[27,]31,[35,]39
	0 or 7
	1
	6 or 3

	19
	A1
	4
	1
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	20
	A1
	4
	1
	[3,]7,[11,]15,[19,]23,[27,]31,[35,]39
	0 or 7
	1
	6 or 3

	21
	A1
	2
	1
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	22
	A1
	2
	1
	[3,]7,[11,]15,[19,]23,[27,]31,[35,]39
	0 or 7
	1
	6 or 3

	23
	A1
	1
	0
	23,31,39
	0
	1
	6

	24
	A1
	1
	0
	1,3,5,7,…,37,39
	7
	 1
	3





Agreements:
· For the previous 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.
· For FR2, it is replaced with the following working assumption (no change of the previous working assumption regarding FR1)
· For the Semi-static UL/DL configuration in RMSI, only PRACH occasions within the UL part and X part are valid as long as it does not precede or collide with an SSB in the RACH slot
· UE is not expected to receive DL signals during any valid RACH occasion
· Note: In the UL/DL semi-static configuration, 0 UL slots and 0 UL symbols can be configured
· FFS how to handle the gap necessary in between SS/PBCH block or DL part and PRACH tx


In this contribution, we focus on PRACH configurations, for FR1 and FR2, unpaired spectrum.


[bookmark: _Ref178064866]Discussion
Agreed formats
Agreed PRACH formats are for convenience summarized in Table 1 (long sequence) and Table 2 (short sequence). With short sequence, multiple preambles can be time-multiplexed in one slot, see potential example configurations illustrated in Figure 1 (starting symbol 0) and Figure 2 (starting symbol 2). 

[bookmark: _Ref503276271]Table 1. PRACH preamble formats for long sequence (L = 839) 
	Preamble
format
	SCS (kHz)
	BW (MHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	Use case

	0
	1.25
	1.08
	1
	1
	24576
	3168
	2975
	LTE refarming

	1
	1.25
	1.08
	2
	1
	2*24576
	21024
	21904
	Large cell, up to 100 km

	2 
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	Coverage enhancement

	3
	5
	4.32
	4
	1
	4*6144
	3168
	2976
	High speed case





[bookmark: _Ref503276273]Table 2. PRACH preamble formats for short sequence (L = 139) *
	Preamble
format
	# of 
seq.
	TCP
(Ts)
	TSEQ
(Ts)
	TGP
(Ts)
	Path profile 
(Ts)
	Path profile 
(s)
	Maximum 
cell radius
(m)
	Use case

	A
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	1
	2
	216
	4096
	72
	96 
	3.13 
	352
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	1096
	144
	4.69
	5300
	Normal cell

	
	2
	4
	2048
	8192
	2916
	144
	4.69
	9200
	Normal cell


* Example for 15 kHz SCS, other SCSs obtained by time scaling 


[image: ]
[bookmark: _Ref503276294]Figure 1. PRACH preamble formats for short sequence, with starting symbol 0, with SCS of 15 kHz

[image: ]
[bookmark: _Ref503276296]Figure 2. PRACH preamble formats for short sequence, with starting symbol 2, with SCS of 15 kHz
[bookmark: _Hlk506290535]RACH configurations for FR1 unpaired spectrum
For several commonly considered TDD patterns (e.g. 3+1 and 4+1), there are no useful RACH configurations available in the working assumption table for FR1 unpaired spectrum [1]. At the same time, the table contains several configurations that seem unlikely to be useful for any commonly considered TDD pattern.

[bookmark: _Toc510620070][bookmark: _Toc510624714][bookmark: _Toc510627789][bookmark: _Toc510628200][bookmark: _Toc510628511][bookmark: _Toc510708265][bookmark: _Toc510709315][bookmark: _Toc510710666][bookmark: _Toc510716212][bookmark: _Toc510716498][bookmark: _Toc510716983][bookmark: _Toc510807889][bookmark: _Toc510809280][bookmark: _Toc510812385][bookmark: _Toc510813214]For several typical TDD patterns, there are no useful RACH configurations in the working assumption table for FR1 unpaired spectrum. At the same time, there are several RACH configurations that are not very useful for any typical TDD pattern.

Detailed motivations are provided in the following subsections. For reference, some TDD patterns are illustrated in Figure 3 (30 kHz SCS) and Figure 4 (15 kHz SCS).

 [image: ]
[bookmark: _Ref510623930]Figure 3. Slot pattern with subcarrier spacing 30 kHz
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[bookmark: _Ref510623932]Figure 4. Slot pattern with subcarrier spacing 15 kHz



RACH flexibility concerns for FR1 – RACH occasions in DL part
A substantial overall concern is the limited flexibility in RACH configurations for the short formats, especially for 30 kHz subcarrier spacing. Most of this flexibility concern would be eased if the working assumptions for FR2 on handling of RACH occasions within a DL part in semi-static UL/DL configuration [1] are also applied to FR1.

[bookmark: _Toc510708273][bookmark: _Toc510709323][bookmark: _Toc510710674][bookmark: _Ref510716074][bookmark: _Toc510716220][bookmark: _Toc510716506][bookmark: _Toc510716991][bookmark: _Ref510804084][bookmark: _Toc510807898][bookmark: _Toc510809289][bookmark: _Toc510812394][bookmark: _Toc510813223]For FR1, for the semi-static UL/DL configuration in RMSI, only PRACH occasions within the UL part and X part are valid as long as it does not precede or collide with an SSB in the RACH slot
- UE is not expected to receive DL signals during any valid RACH occasion
- Note: In the UL/DL semi-static configuration, 0 UL slots and 0 UL symbols can be
  configured
- FFS how to handle the gap necessary in between SS/PBCH block or DL part and
  PRACH tx. 

Otherwise, there will be need for significant changes to cover all TDD patterns, and the number of possible configurations per pattern will be small, limiting the flexibility in adopting the RACH capacity for TDD over the lifespan of NR.
For example, for 30 kHz subcarrier spacing, if Proposal 1 is not accepted, then none of the following B4  configurations can be used for the typical TDD patterns 3+1 and 4+1 (and one would instead need to define additional configurations to handle these common TDD patterns), whereas if Proposal 1 is accepted, they can all be used. More precisely, if Proposal 1 is accepted, then
· configuration 160 (subframe 9, and having 2 PRACH slots within a subframe) can be used even though first slot of subframe 9 is DL,
· configuration 162 (subframes 8 and 9, and 2 PRACH slots within a subframe) can be used even though subframe 8 as well as first slot of subframe 9 are DL, and
· configuration 163 (subframes 4 and 9, and 1 PRACH slot within a subframe) can be used even though one or both slots of subframe 4 and first slot of subframe 9 are DL.
Similar holds for corresponding configurations for other formats, and partly also for 15 kHz subcarrier spacing. In conclusion, accepting Proposal 1 will not only save time to completion of NR specifications, but also, and most importantly, make the NR and TDD better and more future-proof.

[bookmark: _Toc510716211][bookmark: _Toc510716497][bookmark: _Toc510716982][bookmark: _Toc510807890][bookmark: _Toc510809281][bookmark: _Toc510812386][bookmark: _Toc510813215]If Proposal 1 (FR2 invalidation rules for RACH slots occurring within DL part or colliding with SSB applied also to FR1) is not accepted, significant other changes will be needed to cover all TDD patterns, thereby delaying NR completion and leading to less flexibility in the lifespan of NR.

In the rest of this contribution, we assume that Proposal 1 is accepted.
[bookmark: _Ref510716855]Background for proposed changes to FR1 RACH configuration tables
Since RACH occasions in DL slots cannot be used, it is important that there are RACH configurations that support a sufficiently large number of RACH occasions in UL slots of typical TDD patterns. Collisions with SSB must also be avoided.

[bookmark: _Toc510624715][bookmark: _Toc510627790][bookmark: _Toc510628201][bookmark: _Toc510628512][bookmark: _Toc510708266][bookmark: _Toc510709316][bookmark: _Toc510710667][bookmark: _Toc510716213][bookmark: _Toc510716499][bookmark: _Toc510716984][bookmark: _Toc510807891][bookmark: _Toc510809282][bookmark: _Toc510812387][bookmark: _Toc510813216]RACH configurations must support having RACH occasions on UL slots of typical TDD patterns for FR1. Collisions with SSBs must also be avoided.
 
However, since different slots are UL in different TDD patterns, it may be difficult to find RACH patterns that work with all TDD patterns. For example, with 30 kHz SCS (Figure 3), slot 19 is the only UL slot common to all listed TDD patterns (and slot 9 is common to all patterns except 3+1). With 15 kHz SCS (Figure 4), subframe 9 in odd frames is the only UL subframe common to all listed TDD patterns (and subframe 9 in even frames is common to all patterns except 3+1).

[bookmark: _Toc498700163][bookmark: _Toc498700224][bookmark: _Toc498702075][bookmark: _Toc503266035][bookmark: _Toc503339740][bookmark: _Toc503447882][bookmark: _Toc503513638][bookmark: _Toc503513914][bookmark: _Toc503518946][bookmark: _Toc503519588][bookmark: _Toc503519886][bookmark: _Toc503520364][bookmark: _Toc503520685][bookmark: _Toc503536728][bookmark: _Toc503536878][bookmark: _Toc503538125][bookmark: _Toc503540333][bookmark: _Toc503540816][bookmark: _Toc510605172][bookmark: _Toc510605227][bookmark: _Hlk510622704][bookmark: _Toc510620071][bookmark: _Toc510624716][bookmark: _Toc510628513][bookmark: _Toc510708267][bookmark: _Toc510709317][bookmark: _Toc510710668][bookmark: _Toc510716214][bookmark: _Toc510716500][bookmark: _Toc510716985][bookmark: _Toc510807892][bookmark: _Toc510809283][bookmark: _Toc510812388][bookmark: _Toc510813217][bookmark: _Toc498694597][bookmark: _Toc510627791][bookmark: _Toc510628202]Finding RACH slot patterns that support all typical TDD patterns may not be trivial. For example, for 30 kHz SCS, slot 19 is the only UL slot common to several typical TDD patterns. 

Slot 19 may, however, lead to long latency if SSB appears early in the frame. There must be RACH configurations supporting low latency also when SSB appears early in the frame.

[bookmark: _Toc510628203][bookmark: _Toc510628514][bookmark: _Toc510708268][bookmark: _Toc510709318][bookmark: _Toc510710669][bookmark: _Toc510716215][bookmark: _Toc510716501][bookmark: _Toc510716986][bookmark: _Toc510807893][bookmark: _Toc510809284][bookmark: _Toc510812389][bookmark: _Toc510813218]There must be support also for RACH occasions early in the frame in order to keep latency down when SSB occurs early in the frame. For example, slot 19, which is common to several TDD patterns, can lead to long latency if SSB appears early in frame.

Furthermore, in order to avoid wasting radio resources, it is important to have support for RACH configurations (RACH configuration table entries) that lead to only one RO per SSB in the association period, i.e. to avoid undesired cyclic repetitions of the associations. 

[bookmark: _Toc510628204][bookmark: _Toc510628515][bookmark: _Toc510708269][bookmark: _Toc510709319][bookmark: _Toc510710670][bookmark: _Toc510716216][bookmark: _Toc510716502][bookmark: _Toc510716987][bookmark: _Toc510807894][bookmark: _Toc510809285][bookmark: _Toc510812390][bookmark: _Toc510813219]There must be support for RACH configurations with few enough slots that there is no unneeded cyclic repetition with typical number of SSBs and SSB periodicities, in order to avoid waste of radio resources.

At the same time, RACH configurations with large enough number of slots must be available to support beam sweeping.

[bookmark: _Toc510627792][bookmark: _Toc510628205][bookmark: _Toc510628516][bookmark: _Toc510708270][bookmark: _Toc510709320][bookmark: _Toc510710671][bookmark: _Toc510716217][bookmark: _Toc510716503][bookmark: _Toc510716988][bookmark: _Toc510807895][bookmark: _Toc510809286][bookmark: _Toc510812391][bookmark: _Toc510813220]There must also be support for RACH configurations with large enough number of slots to allow beam sweeping of SSB.

Moreover, it is important to have RACH configurations starting on symbol 0, because with starting symbol 2 there is much less guard at the end of the slot. For example, for format B4 with 30 kHz subcarrier spacing, starting symbol 0 allows a cell size of more than 12 km, whereas starting symbol 2 limits the maximum cell size to less than 2 km.

[bookmark: _Toc510624719][bookmark: _Toc510627795][bookmark: _Toc510628207][bookmark: _Toc510628518][bookmark: _Toc510708274][bookmark: _Toc510709324][bookmark: _Toc510710675][bookmark: _Toc510716221][bookmark: _Toc510716507][bookmark: _Toc510716992][bookmark: _Toc510807899][bookmark: _Toc510809290][bookmark: _Toc510812395][bookmark: _Toc510813224]Have ample support also for starting symbol 0 for FR1, in order not to limit the maximum cell size severely and unnecessarily.

[bookmark: _Ref510716974]Proposed new configurations
Based on the design principles in Section 2.2.2, a set of new RACH configurations are proposed in Table 3. The set is rather small (5 entries), yet seems to fulfil all the above observed requirement and work with a variety of TDD patterns and subcarrier spacings (cf. Figure 3 and Figure 4). The table indicates a motivating use case for each proposed configuration (see comment column).

[bookmark: _Toc510605207][bookmark: _Toc510620074][bookmark: _Toc510624720][bookmark: _Toc510627796][bookmark: _Toc510628208][bookmark: _Toc510628519][bookmark: _Toc510708275][bookmark: _Toc510709325][bookmark: _Toc510710676][bookmark: _Toc510716222][bookmark: _Toc510716508][bookmark: _Toc510716993][bookmark: _Toc510807900][bookmark: _Toc510809291][bookmark: _Toc510812396][bookmark: _Toc510813225]For FR1 unpaired spectrum, add the five RACH configurations listed in Table 3, in order to support operation with a variety of typical TDD patterns, taking into account latency, capacity, as well as cell size.

Note that e.g. for the pattern with all subframes (0,1,2,3,4,5,6,7,8,9), semi-static UL/DL configuration could be used to invalidate selected RACH occasions (assuming Proposal 1 is accepted).
Analogous entries could be added also for other RACH preamble formats.

[bookmark: _Ref510623974]
Table 3. Proposed new RACH configuration table entries for format B4 for FR1 unpaired spectrum
[image: ]


[bookmark: _Ref510623901]Candidates for removal
In the working assumption RACH configuration table for FR1 unpaired spectrum [1], there are several configurations that seem unlikely to be useful in practice. In particular, indices 154, 155, 162, and 166 all contain subframe 8, but subframe 8 is 
· with 30 kHz subcarrier spacing a DL slot for all typical TDD patterns listed in Figure 3 (except the less commonly considered 1+1 pattern), and
· with 15 kHz subcarrier spacing a DL slot for the typical patterns 3+1 and 4+1 (cf. Figure 4). 

[bookmark: _Toc510624717][bookmark: _Toc510627793][bookmark: _Toc510628206][bookmark: _Toc510628517][bookmark: _Toc510708271][bookmark: _Toc510709321][bookmark: _Toc510710672][bookmark: _Toc510716218][bookmark: _Toc510716504][bookmark: _Toc510716989][bookmark: _Toc510807896][bookmark: _Toc510809287][bookmark: _Toc510812392][bookmark: _Toc510813221]RACH configurations containing subframe 8, which is a DL slot in typical TDD patterns, are less likely to be useful. 

Hence, configurations containing subframe 8 could be removed. Also, the configuration index 158 containing subframes 4 and 9 seems not very useful with typical TDD patterns, and can also be removed. The configurations that are proposed to be removed are summarized in Table 4, for format B4. Corresponding entries could be removed also for other formats.

[bookmark: _Toc506291920][bookmark: _Toc506301438][bookmark: _Toc506366455][bookmark: _Toc506366555][bookmark: _Toc506477137][bookmark: _Toc506477222][bookmark: _Toc506561151][bookmark: _Toc506563533][bookmark: _Toc506569139][bookmark: _Toc510512010][bookmark: _Toc510605208][bookmark: _Toc510620075][bookmark: _Toc510624721][bookmark: _Toc510627797][bookmark: _Toc510628209][bookmark: _Toc510628520][bookmark: _Toc510708276][bookmark: _Toc510709326][bookmark: _Toc510710677][bookmark: _Toc510716223][bookmark: _Toc510716509][bookmark: _Toc510716994][bookmark: _Toc510807901][bookmark: _Toc510809292][bookmark: _Toc510812397][bookmark: _Toc510813226]For FR1 unpaired spectrum, remove the RACH configurations listed in Table 4.


[bookmark: _Ref510623976]Table 4. RACH configuration table entries that can be removed for format B4 for FR1 unpaired spectrum
[image: ]

Resulting RACH configuration table
In the RACH configuration table, the five (5) less useful entries listed in Section 2.2.4 should be replaced with the five (5) more useful entries listed in Section 2.2.3. An example of a resulting RACH configuration table (B4 part) is shown in Table 5 (modified rows highlighted in cyan).




[bookmark: _Ref510623978]Table 5. Proposed RACH configuration table for format B4 for FR1 unpaired spectrum
	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of time-domain PRACH occasions within a RACH slot

	
	
	

	

	
	
	
	

	151
	B4
	16
	1
	9
	0
	2
	1

	152
	B4
	8
	1
	9
	0
	2
	1

	153
	B4
	4
	1
	9
	2
	1
	1

	154
	B4
	1
	0
	3
	0
	2
	1

	155
	B4
	1
	0
	7
	0
	2
	1

	156
	B4
	2
	1
	7,9
	2
	1
	1

	157
	B4
	2
	1
	4,9
	2
	1
	1

	158
	B4
	1
	0
	4
	0
	2
	1

	159
	B4
	2
	1
	9
	2
	1
	1

	160
	B4
	1
	0
	9
	0
	2
	1

	161
	B4
	1
	0
	9
	2
	1
	1

	162
	B4
	1
	0
	3,4,7,9
	0
	2
	1

	163
	B4
	1
	0
	4,9
	2
	1
	1

	164
	B4
	1
	0
	7,9
	2
	1
	1

	165
	B4
	1
	0
	3,4,8,9
	2
	1
	1

	166
	B4
	2
	1
	0,1,2,3,4,5,6,7,8,9
	0
	2
	1

	167
	B4
	1
	0
	0,1,2,3,4,5,6,7,8,9
	2
	1
	1

	168
	B4
	1
	0
	1,3,5,7,9
	2
	1
	1



[bookmark: _Toc468450825]

[bookmark: _Ref506366600]RACH configurations for FR2 unpaired spectrum
The working assumptions RACH configuration table for format A1 for FR2 unpaired spectrum from RAN1#92 was given in Section 1. The corresponding A3 and B4 parts of the table from the unofficial e-mail discussion between RAN1#92 and RAN1#92bis (“Combined proposal”, V5), is shown in Appendix A, in Table 8 and Table 9, respectively.
[bookmark: _Ref510715510]RACH configuration table design considerations for FR2
Design considerations are largely similar to FR1 case. 
· RACH configurations must support having RACH occasions on UL slots of typical TDD patterns for FR1. 
· It must be possible to avoid collisions with SSBs, including situations where large sets of SSBs occur early in frame.
· There must still be support for RACH occasions rather early in the frame in order to keep latency down when SSB occurs early in the frame
· There must be RACH configurations supporting different typical number of beams (SSBs) for different typical SSB periodicities, with no unnecessary resource-wasting cyclic repetitions of SSB-to-RO associations
· There should preferably be support also for starting symbol 2 in order to have more freedom to schedule DL in the previous slot without interference.

[bookmark: _Toc510708277][bookmark: _Toc510709327][bookmark: _Toc510710678][bookmark: _Toc510716224][bookmark: _Toc510716510][bookmark: _Toc510716995][bookmark: _Toc510807902][bookmark: _Toc510809293][bookmark: _Toc510812398][bookmark: _Toc510813227]For FR2, there should preferably be support also for starting symbol 2 in order to have more freedom to schedule DL in the previous slot without interference.

[bookmark: _Toc510708272][bookmark: _Toc510709322][bookmark: _Toc510710673][bookmark: _Toc510716219][bookmark: _Toc510716505][bookmark: _Toc510716990][bookmark: _Toc510807897][bookmark: _Toc510809288][bookmark: _Toc510812393][bookmark: _Toc510813222]For FR2, there must be RACH configurations supporting different typical number of beams (SSBs) for different typical SSB periodicities, with no unnecessary resource-wasting cyclic repetitions of SSB-to-RO associations.

Proposed changes to combined proposal (V5)
Based on the design considerations in Section 2.3.1, the following changes to the combined table of the e-mail discussions (Table 8 and Table 9) are proposed:
Format A3: 
· Configuration 0: Change “Starting symbol” to 2 and “Number of PRACH slots within a 60 kHz slot” to “1” 
· Motivation: Have one entry with lower PRACH capacity
· Configuration 23: Change “Starting symbol” to 2 
· Motivation: More freedom to schedule DL in the previous slot without interference

Format B4:
· General motivation for changes: Increase the number of ROs for B4 due to the limited number of preambles per slot for this format
· [bookmark: _Hlk510773454]Configuration 13: Change “Slot number” to “3,5,7,9,11,13”, “Starting symbol” to “2”, and “Number of PRACH slots within a 60 kHz slot” to “1”
· Configuration 14: Change ”Slot number” to “3,5,7,9,11,13,15,17,19,21,23,25”
· Configuration 23: Change “Slot number” to “9,11,13,15,17,19” 
· Motivation: To make the number of ROs similar as for A3 etc, while maintaining a rather late starting slot in frame
· Configuration 27: Change “Slot number” to “3,5,7,9,11,13,15,17,19,21,23,25”

All formats except B4 (but including A3):
· Configuration 13: Change “Slot number” to “3,5,7” and “Number of PRACH slots within a 60 kHz slot” to 1
· Configuration 14: Change ”Slot number” to “3,5,7,9,11,13”
· Configuration 23: Change “Slot number” to “9,11,13”

The motivations for replacing configurations 13 and 14 above are:
· There is no good reason to have such a large intervals between entries resulting in increased latency
·  There is no configuration for 4+1 TDD pattern with large interval for 10ms period (new Configuration 25 seems to have a large interval for 4+1, but it is for 20ms period)

Also, note again that for FR2 there should in general be more configurations with starting symbol 2 instead of 0.
· Motivation: Have more freedom scheduling DL late in previous slot
Resulting sets of configurations for A3 and B4 can be found in Table 6 and Table 7, respectively (modifications highlighted in cyan). Note that A3 can largely serve as illustration for all formats except B4.

[bookmark: _Toc510710679][bookmark: _Toc510716225][bookmark: _Toc510716511][bookmark: _Toc510716996][bookmark: _Toc510807903][bookmark: _Toc510809294][bookmark: _Toc510812399][bookmark: _Toc510813228]For FR2 unpaired spectrum, use the RACH configuration tables in Table 6 and Table 7.




[bookmark: _Ref510707876]Table 6. Proposed RACH configuration table for format A3 for FR2 unpaired spectrum
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number (SCS=60kHz)
	Starting symbol
	[bookmark: _Hlk510807576]Number of PRACH slots within a 60 kHz slot
	Number of time domain PRACH occasions within a RACH slot
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	0
	A3
	1
	0
	4,9,14,19,24,29,34,39
	02
	21
	2

	1
	A3
	1
	0
	4,9,14,19,24,29,34,39
	7
	1
	1

	2
	A3
	1
	0
	24,29,34,39
	0
	2
	2

	3
	A3
	1
	0
	24,29,34,39
	7
	1
	1

	4
	A3
	1
	0
	18,19,38,39
	0
	2
	2

	5
	A3
	1
	0
	18,19,38,39
	7
	1
	1

	6
	A3
	1
	0
	0,1,2,…,39
	0
	2
	2

	7
	A3
	1
	0
	0,1,2,…,39
	7
	1
	1

	8
	A3
	1
	0
	23,27,31,35,39
	0
	2
	2

	9
	A3
	1
	0
	23,27,31,35,39
	7
	1
	1

	10
	A3
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	2
	2

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

	12
	A3
	1
	0
	1,3,5,7,…,37,39
	0
	2
	2

	13
	A3
	1
	0
	7,15,23,31,39 3,5,7
	0
	21
	2

	14
	A3
	1
	0
	7,15,23,31,39 3,5,7,9,11,13
	7
	1
	1

	15
	A3
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	2

	16
	A3
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	17
	A3
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	2

	18
	A3
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	19
	A3
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	2

	20
	A3
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	21
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	2

	22
	A3
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	23
	A3
	1
	0
	23,31,39 9,11,13
	02
	1
	2

	24
	A3
	1
	0
	1,3,5,7,…,37,39
	7
	 1
	1

	25
	A3
	2
	1
	9,19,29,39
	0
	2
	2

	26
	A3
	1
	0
	Avoid conflict avoidance with SSB / RMSI CORESET and  the gap necessary in between SSB/DL part and PRACH tx  
	7
	2
	1

	27
	A3
	1
	0
	3,5,7,9,11,13
	0
	2
	2






[bookmark: _Ref510707877]Table 7. Proposed RACH configuration table for format B4 for FR2 unpaired spectrum
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number (SCS=60kHz)
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	Number of time domain PRACH occasions within a RACH slot
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	0
	B4
	1
	0
	4,9,14,19,24,29,34,39
	0
	2
	1

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

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

	3
	B4
	1
	0
	24,29,34,39
	2
	1
	1

	4
	B4
	1
	0
	18,19,38,39
	0
	2
	1

	5
	B4
	1
	0
	18,19,38,39
	2
	1
	1

	6
	B4
	1
	0
	0,1,2,…,39
	0
	2
	1

	7
	B4
	1
	0
	0,1,2,…,39
	2
	1
	1

	8
	B4
	1
	0
	23,27,31,35,39
	0
	2
	1

	9
	B4
	1
	0
	23,27,31,35,39
	2
	1
	1

	10
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	2
	1

	11
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	2
	1
	1

	12
	B4
	1
	0
	1,3,5,7,…,37,39
	0
	2
	1

	13
	B4
	1
	0
	7,15,23,31,39 3,5,7,9,11,13
	02
	21
	1

	14
	B4
	1
	0
	7,15,23,31,39 3,5,7,9,11,13,15,17,19,21,23,25
	2
	1
	1

	15
	B4
	16
	1[,2]
	4,9,14,19,24,29,34,39
	0
	2
	1

	16
	B4
	16
	1[,2]
	3,[5]7,[9],11,15,19,23,27,31,35,39
	0
	1
	1

	17
	B4
	8
	1[,2]
	4,9,14,19,24,29,34,39
	0
	2
	1

	18
	B4
	8
	1[,2]
	3,[5]7,[9],11,15,19,23,27,31,35,39
	0
	1
	1

	19
	B4
	4
	1[,2]
	4,9,14,19,24,29,34,39
	0
	2
	1

	20
	B4
	4
	1[,2]
	3,[5]7,[9],11,15,19,23,27,31,35,39
	0
	1
	1

	21
	B4
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	1

	22
	B4
	2
	1
	3,[5]7,[9],11,15,19,23,27,31,35,39
	0
	1
	1

	23
	B4
	1
	0
	23,31,39 9,11,13,15,17,19
	0
	1
	1

	24
	B4
	1
	0
	1,3,5,7,…,37,39
	2
	 1
	1

	25
	B4
	2
	1
	9,19,29,39
	0
	2
	1

	26
	B4
	1
	0
	Avoid conflict avoidance with SSB / RMSI CORESET and  the gap necessary in between SSB/DL part and PRACH tx  
	2
	2
	1

	27
	B4
	1
	0
	3,5,7,9,11,13 3,5,7,9,11,13,15,17,19,21,23,25
	0
	2
	1







Conclusion
In Section 2 we made the following observations:
Observation 1	For several typical TDD patterns, there are no useful RACH configurations in the working assumption table for FR1 unpaired spectrum. At the same time, there are several RACH configurations that are not very useful for any typical TDD pattern.
Observation 2	If Proposal 1 (FR2 invalidation rules for RACH slots occurring within DL part or colliding with SSB applied also to FR1) is not accepted, significant other changes will be needed to cover all TDD patterns, thereby delaying NR completion and leading to less flexibility in the lifespan of NR.
Observation 3	RACH configurations must support having RACH occasions on UL slots of typical TDD patterns for FR1. Collisions with SSBs must also be avoided.
Observation 4	Finding RACH slot patterns that support all typical TDD patterns may not be trivial. For example, for 30 kHz SCS, slot 19 is the only UL slot common to several typical TDD patterns.
Observation 5	There must be support also for RACH occasions early in the frame in order to keep latency down when SSB occurs early in the frame. For example, slot 19, which is common to several TDD patterns, can lead to long latency if SSB appears early in frame.
Observation 6	There must be support for RACH configurations with few enough slots that there is no unneeded cyclic repetition with typical number of SSBs and SSB periodicities, in order to avoid waste of radio resources.
Observation 7	There must also be support for RACH configurations with large enough number of slots to allow beam sweeping of SSB.
Observation 8	RACH configurations containing subframe 8, which is a DL slot in typical TDD patterns, are less likely to be useful.
Observation 9	For FR2, there must be RACH configurations supporting different typical number of beams (SSBs) for different typical SSB periodicities, with no unnecessary resource-wasting cyclic repetitions of SSB-to-RO associations.

Based on the discussion in Section 2 we propose the following:
Proposal 1	For FR1, for the semi-static UL/DL configuration in RMSI, only PRACH occasions within the UL part and X part are valid as long as it does not precede or collide with an SSB in the RACH slot - UE is not expected to receive DL signals during any valid RACH occasion - Note: In the UL/DL semi-static configuration, 0 UL slots and 0 UL symbols can be   configured - FFS how to handle the gap necessary in between SS/PBCH block or DL part and   PRACH tx.
Proposal 2	Have ample support also for starting symbol 0 for FR1, in order not to limit the maximum cell size severely and unnecessarily.
Proposal 3	For FR1 unpaired spectrum, add the five RACH configurations listed in Table 3, in order to support operation with a variety of typical TDD patterns, taking into account latency, capacity, as well as cell size.
Proposal 4	For FR1 unpaired spectrum, remove the RACH configurations listed in Table 4.
Proposal 5	For FR2, there should preferably be support also for starting symbol 2 in order to have more freedom to schedule DL in the previous slot without interference.
Proposal 6	For FR2 unpaired spectrum, use the RACH configuration tables in Table 6 and Table 7.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref510623842]Chairman’s notes, 3GPP TSG RAN WG1#92, Athens, Greece, February 26th –March 2nd, 2018.



Appendix A

[bookmark: _Ref510707872][bookmark: _Ref510707866]Table 8. RACH configuration table for A3 for FR2 unpaired spectrum (“Combined proposal”, V5)
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number (SCS=60kHz)
	Starting symbol
	Number of PRACH slots within a 60kHz slot
	Number of time domain PRACH occasions within a RACH slot
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	0
	A3
	1
	0
	4,9,14,19,24,29,34,39
	0
	2
	2

	1
	A3
	1
	0
	4,9,14,19,24,29,34,39
	7
	1
	1

	2
	A3
	1
	0
	24,29,34,39
	0
	2
	2

	3
	A3
	1
	0
	24,29,34,39
	7
	1
	1

	4
	A3
	1
	0
	18,19,38,39
	0
	2
	2

	5
	A3
	1
	0
	18,19,38,39
	7
	1
	1

	6
	A3
	1
	0
	0,1,2,…,39
	0
	2
	2

	7
	A3
	1
	0
	0,1,2,…,39
	7
	1
	1

	8
	A3
	1
	0
	23,27,31,35,39
	0
	2
	2

	9
	A3
	1
	0
	23,27,31,35,39
	7
	1
	1

	10
	A3
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	2
	2

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

	12
	A3
	1
	0
	1,3,5,7,…,37,39
	0
	2
	2

	13
	A3
	1
	0
	7,15,23,31,39
	0
	2
	2

	14
	A3
	1
	0
	7,15,23,31,39
	7
	1
	1

	15
	A3
	16
	1
	4,9,14,19,24,29,34,39
	0
	2
	2

	16
	A3
	16
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	17
	A3
	8
	1
	4,9,14,19,24,29,34,39
	0
	2
	2

	18
	A3
	8
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	19
	A3
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	2

	20
	A3
	4
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	21
	A3
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	2

	22
	A3
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	2

	23
	A3
	1
	0
	23,31,39
	0
	1
	2

	24
	A3
	1
	0
	1,3,5,7,…,37,39
	7
	 1
	1

	25
	A3
	2
	1
	9,19,29,39
	0
	2
	2

	26
	A3
	1
	0
	Avoid  conflict avoidance with SSB / RMSI CORESET and  the gap necessary in between SSB/DL part and PRACH tx  
	7
	2
	1

	27
	A3
	1
	0
	3,5,7,9,11,13
	0
	2
	2






[bookmark: _Ref510707874]Table 9. RACH configuration table for B4 for FR2 unpaired spectrum (“Combined proposal”, V5)
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number (SCS=60kHz)
	Starting symbol
	Number of PRACH slots within a 60kHz slot
	Number of time domain PRACH occasions within a RACH slot
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	0
	B4
	1
	0
	4,9,14,19,24,29,34,39
	0
	2
	1

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

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

	3
	B4
	1
	0
	24,29,34,39
	2
	1
	1

	4
	B4
	1
	0
	18,19,38,39
	0
	2
	1

	5
	B4
	1
	0
	18,19,38,39
	2
	1
	1

	6
	B4
	1
	0
	0,1,2,…,39
	0
	2
	1

	7
	B4
	1
	0
	0,1,2,…,39
	2
	1
	1

	8
	B4
	1
	0
	23,27,31,35,39
	0
	2
	1

	9
	B4
	1
	0
	23,27,31,35,39
	2
	1
	1

	10
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	2
	1

	11
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	2
	1
	1

	12
	B4
	1
	0
	1,3,5,7,…,37,39
	0
	2
	1

	13
	B4
	1
	0
	7,15,23,31,39
	0
	2
	1

	14
	B4
	1
	0
	7,15,23,31,39
	2
	1
	1

	15
	B4
	16
	1[,2]
	4,9,14,19,24,29,34,39
	0
	2
	1

	16
	B4
	16
	1[,2]
	3,[5]7,[9],11,15,19,23,27,31,35,39
	0
	1
	1

	17
	B4
	8
	1[,2]
	4,9,14,19,24,29,34,39
	0
	2
	1

	18
	B4
	8
	1[,2]
	3,[5]7,[9],11,15,19,23,27,31,35,39
	0
	1
	1

	19
	B4
	4
	1[,2]
	4,9,14,19,24,29,34,39
	0
	2
	1

	20
	B4
	4
	1[,2]
	3,[5]7,[9],11,15,19,23,27,31,35,39
	0
	1
	1

	21
	B4
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	1

	22
	B4
	2
	1
	3,[5]7,[9],11,15,19,23,27,31,35,39
	0
	1
	1

	23
	B4
	1
	0
	23,31,39
	0
	1
	1

	24
	B4
	1
	0
	1,3,5,7,…,37,39
	2
	 1
	1

	25
	B4
	2
	1
	9,19,29,39
	0
	2
	1

	26
	B4
	1
	0
	Avoid  conflict avoidance with SSB / RMSI CORESET and  the gap necessary in between SSB/DL part and PRACH tx  
	2
	2
	1

	27
	B4
	1
	0
	3,5,7,9,11,13
	0
	2
	1
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--------------------------------------------------------------------------------------------------->

<------------------------------------------------
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-------------------------------------------------><--------------------------------------------------
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Subframe
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   One frame (10 ms)

-----------------------------------> <------------------------------------------------

One frame (10 ms)
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index within a occasions
x y subframe | within a
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Low latency if SSB is
configured in first half
B4 ! 0 3 0 2 ! frame (primarily for 3+1
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Low latency if SSB is
B4 1 0 7 0 2 1 configured in second
half frame (several
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For NR-LTE TDD
B4 1 0 4 0 2 1 alignment patterns (4+1
/8+2)
Improved access
B4 1 0 3479 0 2 1 capacity (combination of
B above useful
subframes)
0,1,2,34, Improved access
B4 2 1 56,789 0 2 1 capacity
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155 B4 2 1 89 0 2 1 Ditto
158 B4 2 1 49 0 2 1 Ditto
162 B4 1 0 89 0 2 1 Ditto
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PRACH   Configuration    Index  Preamble  format  

y x n  mod

SFN

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

x

 

y

 

 A1  16  1  9  0  2  6  

 A1  8  1  9  0  2  6  

 A1  4  1  9  0  1  6  

 A1  2  1  2,3,4,7,8,9  0  1  6  

  < part of table   omitted >    

 C2  1  0  1,3,5,7,9  2  1  2  

        

 C2  8  1  9  8  2  1  

 C2  4  1  9  8  1  1  

