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RACH agreements and working assumptions in RAN1 AH 1801 include the following:

Agreements:
Confirm the following working assumptions with the following update:
· 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 6 or 7
· C2: 2
· A1/B1: 6 or 7
· A2/B2: 3
· A3/B3: 2

· The value is not applicable (N/A) for format 0-3


Agreements:
· To adopt the following for section 6.3.3.2 of 38.211
------------- text proposal, 38.211 section 6.3.3.2 -----------------------------------------------
Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/SUL (short sequence)

	PRACH
Configuration 
Index

	Preamble format
	

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

	
	
	

	

	
	
	
	

	
	A1
	16
	0
	4,9
	0
	1
	6

	
	A1
	16
	1
	4
	0
	2
	6

	
	A1
	8
	0
	4,9
	0
	1
	6



<parts of table elided>

	
	A3/B3
	1
	0
	0,2,4,6,8
	0
	2
	2

	
	A3/B3
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	2
	2



------------- end text proposal, 38.211 section 6.3.3.2 -----------------------------------------------


In this contribution, we focus on PRACH format details, including RACH configuration table.


[bookmark: _Ref178064866]Discussion
Agreed formats
Agreed 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 as illustrated in Figure 1 (start symbol 0) and Figure 2 (start 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 
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[bookmark: _Ref503276294]Figure 1. PRACH preamble formats for short sequence, with start symbol 0, with SCS of 15 kHz
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[bookmark: _Ref503276296]Figure 2. PRACH preamble formats for short sequence, with start symbol 2, with SCS of 15 kHz
[bookmark: _Ref506302425][bookmark: _Hlk506290535]Interference from PRACH into PDCCH in TDD systems
A significant concern is TRP-to-TRP DL-to-UL interference between PRACH and a preceding PDCCH transmitted in a gap at the beginning of the slot. Such TRP-to-TRP interference is not limited to the nearest cell, but can reach many cells away, and may hence require larger guard. Although this may not be an issue in all scenarios, it is important to have flexibility to avoid the problem in any future deployments where it might occur. 
As the issue is about capacity rather than coverage, it is needed also for short sequences, not only for long sequence formats. 
The concern can be accounted for by supporting a RACH start symbol value up to 6 or 7 also for some short sequence formats. For explicit table proposals, see Section 2.3.

[bookmark: _Toc498694601][bookmark: _Toc498700167][bookmark: _Toc498700228][bookmark: _Toc498702079][bookmark: _Toc501631682][bookmark: _Toc503266039][bookmark: _Toc503339745][bookmark: _Toc503358324][bookmark: _Toc503360074][bookmark: _Toc503442608][bookmark: _Toc503447871][bookmark: _Toc503513644][bookmark: _Toc503513920][bookmark: _Toc503518952][bookmark: _Toc503519594][bookmark: _Toc503519892][bookmark: _Toc503520370][bookmark: _Toc503520691][bookmark: _Toc503536734][bookmark: _Toc503536884][bookmark: _Toc503538131][bookmark: _Toc503540339][bookmark: _Toc503540822][bookmark: _Toc506214718][bookmark: _Toc506291919][bookmark: _Toc506301437][bookmark: _Toc506366454][bookmark: _Toc506366554][bookmark: _Toc506477136][bookmark: _Toc506477221][bookmark: _Toc506561150][bookmark: _Toc506563532][bookmark: _Toc506569138]Support also a RACH start symbol value of 6 or 7 also for some short sequences, to allow mitigation of TRP-to-TRP interference in TDD systems.

Start symbol 6 or 7 may be needed only in certain scenarios, and it is hence enough to have that value for a limited number of PRACH configuration indices. On the other hand, start symbol 2 may be important in a wide range of scenarios, to avoid TRP-to-TRP DL-to-UL interference and leave more room for DL-to-UL switching times. Hence, start symbol 2 should have ample support in the PRACH configuration tables for unpaired spectrum.


[bookmark: _Toc506291920][bookmark: _Toc506301438][bookmark: _Toc506366455][bookmark: _Toc506366555][bookmark: _Toc506477137][bookmark: _Toc506477222][bookmark: _Toc506561151][bookmark: _Toc506563533][bookmark: _Toc506569139]Support RACH start symbol value of 2 for a wide range of configurations in the PRACH configuration tables for unpaired spectrum.
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[bookmark: _Ref506366600]RACH configuration table for unpaired spectrum
RACH configuration tables for short sequence formats in unpaired spectrum have not yet been agreed. To a large extent they can be similar to the tables for paired spectrum, with a few important differences:
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An example table (example for format A3 only) is provided in Table 3, which is directly based on the table for FR1 paired spectrum in Chairman’s notes [1], but with the FR1 subframe indices translated to the FR2 60 kHz slot (0.25 ms) indices, and with some other entries updated in line with Proposal 3 and the discussions in Section 2.2. All updates (except the subframe-to-slot number translations) are highlighted with colors (red for modifications, blue for additions). The details of the table contents need to be coordinated with the decisions on, e.g., mappings from SS blocks to RACH occasions, see [2].
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[bookmark: _Ref498506100]Table 3. PRACH configuration table for unpaired FR2, example for format A3
	[bookmark: _Hlk503512799][bookmark: _Hlk506286310][bookmark: _Hlk506287487]PRACH Config. Index
	Preamble Format
	
	60 kHz slot (0.25 ms) index within system frame 
	Start symbol Index
	Number of RACH slots within 0.25 ms
	Number of time domain RACH occasions within a RACH slot

	
	
	
	
	
	
	
	

	X+1
	A3
	16
	1
	16–19,36–39
	2
	1
	2

	X+2
	A3
	8
	1
	16–19,36–39
	0
	1
	2

	X+3
	A3
	4
	0
	16–19,36–39
	2
	1
	2

	X+4
	A3
	16
	1
	16–19
	0
	2
	2

	X+5
	A3
	8
	1
	16–19
	2
	2
	2

	X+6
	A3
	4
	0
	16–19
	0
	2
	2

	X+7
	A3
	2
	1
	8–11,24–27,
36–39
	2
	2
	2

	X+8
	A3
	2
	0
	4–7
	0
	2
	2

	X+9
	A3
	2
	0
	16–19
	2
	2
	2

	X+10
	A3
	2
	0
	28–31
	2
	2
	2

	X+11
	A3
	2
	0
	28–31
	6
	2
	2

	X+12
	A3
	1
	0
	16–19
	2
	2
	2

	X+13
	A3
	1
	0
	16–19
	0
	1
	2

	X+14
	A3
	1
	0
	28–31
	2
	2
	2

	X+15
	A3
	1
	0
	28–31
	6
	2
	2

	X+16
	A3
	1
	0
	4–7,24–27
	0
	1
	2

	X+17
	A3
	1
	0
	8–11,28–31
	2
	2
	2

	X+18
	A3
	1
	0
	16–19,36–39
	2
	1
	2

	X+19
	A3
	1
	0
	4–7,16–19,28–31
	0
	2
	2

	X+20
	A3
	1
	0
	0–3,8–11,16–19,24–27,32–35
	2
	2
	2

	X+21
	A3
	1
	0
	0–39
	0
	2
	2

	X+22
	A3
	1
	0
	4–7,12–15,20–23,28–31,36–39
	0
	2
	2





[bookmark: _Ref503271468]Valid RACH resources
The UE should only be allowed to transmit PRACH preambles at time instances which are not indicated in RMSI as used for actually transmitted SS blocks. This is in order to avoid the need for full duplex in the TRP. In other words, the UE should not be allowed to transmit a preamble if any part of it would overlap with any OFDM symbol indicated as used for an actually transmitted SS block.
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It is up to the network to ensure that there are no collisions between other transmission and RACH. This minimizes unnecessary signaling in the network. 
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Conclusion
Based on the discussion in Section 2 we propose the following:
Proposal 1	Support also a RACH start symbol value of 6 or 7 also for some short sequences, to allow mitigation of TRP-to-TRP interference in TDD systems.
Proposal 2	Support RACH start symbol value of 2 for a wide range of configurations in the PRACH configuration tables for unpaired spectrum.
[bookmark: _GoBack]Proposal 3	The RACH configuration tables for unpaired spectrum can be based on the table for paired spectrum, but it should have ample support for starting symbol 2 and some support for starting symbol 6 or 7.
Proposal 4	Base RACH configuration tables for unpaired spectrum on Table 3.
Proposal 5	The UE should only be allowed to transmit PRACH preambles at time instances (OFDM symbols) not indicated as used for actually transmitted SS blocks.
Proposal 6	In order to keep RMSI signaling to a minimum, it should be up to the network to avoid collisions between RACH and any other transmissions besides SS blocks.



[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref506477319]Chairman’s notes, 3GPP TSG-RAN WG1#NR1801, Vancouver, BC, Canada, 22nd – 26th January 2018
[bookmark: _Ref506551646]R1-1802946, “Remaining details of RACH procedure”, Ericsson, 3GPP TSG RAN WG1 Meeting #92, Athens, Greece, 26th February – 2nd March 2018
image2.wmf
x


oleObject2.bin

image3.wmf
y


oleObject3.bin

image4.png
A1

A2

A3

B1

B4

A1/B1

A2/B2

A3/B3

Cco

PUSCH

1S|
g5t

19 (A1)

s s

1st (A2

15t (A3

time

1rins




image5.png
A1

A2

A3

B1

B4

A1/B1

A2/B2

A3/B3

Co

C2

PUSCH

PDCCH

ond

3rd

4th

5th

Bth

time

1615




image1.wmf
y

x

n

=

mod

SFN


oleObject1.bin

