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Background
[bookmark: _Toc492918225]In this document a summary of the off-line discussion for AI 6.1.4.1, PRACH Remaining details on PRACH formats.
The following issues have been discussed:
· Cyclic shift values for preamble format 2 and 3 (long sequence length)
· Sequence length for PRACH preambles based on short sequence length
· Cyclic shift values for preamble format based on short sequence length
· RACH configurations

Cyclic shift values for format 2 and format 3
In RAN1#90 we agreed to reuse cyclic shift values from LTE for format 0 and 1. Based on the submitted contributions to this meeting, the following proposals reflects the majority view. 
Proposal: 
· For format 2 same cyclic shift values as for format 0 and 1 is used
· For format 3 same cyclic shift values as for format 0 and 1 is used 
· FFS: note in 38.211 regarding to only use a set of values

Short sequence length
Based on the submitted contributions to this meeting, the following proposals reflects the majority view.
Proposal: 
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence. 
Cyclic shift values for preamble format A/B/C
Based on the submitted contributions to this meeting, the following proposals reflects the majority view.
Proposal:
· Use one common table for cyclic shift (Ncs) values for short sequence
· Use maximum 16 values (4bits)

Possible Ncs Values for RACH Preamble Formats of Short Sequence Types
· Based on LTE values (2,4,6,8,10,12,15)
· Adding new values: 0, 13, 19, 23, 27 34, 46, 69
	zeroCorrelationZoneConfig
	
 value
	Number of orthogonal preambles

	0
	0
	-

	1
	2
	69

	2
	4
	34

	3
	5
	27

	4
	6
	23

	5
	8
	17

	6
	10
	13

	7
	12
	11

	8
	13
	10

	9
	15
	9

	10
	19
	7

	11
	23
	6

	12
	27
	5

	13
	34
	4

	14
	46
	3

	15
	69
	2



As reference, the Ncs values used in LTE for short sequence length is shown below:

Table 5.7.2-3:  for preamble generation (LTE preamble format 4)
	zeroCorrelationZoneConfig
	
 value

	0
	2

	1
	4

	2
	6

	3
	8

	4
	10

	5
	12

	6
	15

	7
	[bookmark: OLE_LINK14]N/A

	8
	N/A

	9
	N/A

	10
	N/A

	11
	N/A

	12
	N/A

	13
	N/A

	14
	N/A

	15
	N/A




RACH configurations


RACH configurations

Proposal:
Agree on some configuration parameters related to PRACH preamble formats
LTE RACH configuration as starting point?
· Preamble format: 0,1,2,3,Ax,Bx,Cx
· Long/Short sequence length
· Subcarrier spacing
· Restrictive set type (only for long sequence)
· Cyclic shift (Zero Correlation Zone Configuration value)
· Root sequence index(s)
· Number of NR-RACH preambles in a cell
· other

We also need to have a unified frame work, below follows some basic ideas that we could use as a starting point for offline discussions. 
Frame work:
RACH block consists of one or more RACH preamble formats
· Duration of RACH block
· For Format 0-3 the duration is x ms
· For Format A/B/C the duration is one slot (in what numerology)
· Mapping of RACH preamble formats to RACH blocks
· Only one format (e.g only A)
· FFS: Mix of formats (e.g A and B)

RACH burst set
· Consists of a N RACH blocks mapped into 5ms
· FFS: RACH burst set composition
RACH burst set periodicity
· Period which can be [5, 10, 20, 40, 80, 160] ms
· FFS: Time offset (in what granularity?)

LTE PRACH config (36.331)
[bookmark: _Toc487673564]–	PRACH-Config
The IE PRACH-ConfigSIB and IE PRACH-Config are used to specify the PRACH configuration in the system information and in the mobility control information, respectively.
PRACH-Config information elements
-- ASN1START

PRACH-ConfigSIB ::=				SEQUENCE {
	rootSequenceIndex					INTEGER (0..837),
	prach-ConfigInfo					PRACH-ConfigInfo
}

PRACH-ConfigSIB-v1310 ::=			SEQUENCE {
	rsrp-ThresholdsPrachInfoList-r13		RSRP-ThresholdsPrachInfoList-r13,
	mpdcch-startSF-CSS-RA-r13			CHOICE {
		fdd-r13								ENUMERATED {v1, v1dot5, v2, v2dot5, v4, v5, v8, 
												v10},
 		tdd-r13								ENUMERATED {v1, v2, v4, v5, v8, v10, v20, spare}
	} 																		OPTIONAL,	-- Cond MP
	prach-HoppingOffset-r13				INTEGER (0..94)						OPTIONAL,	-- Need OR
	prach-ParametersListCE-r13			PRACH-ParametersListCE-r13
}

PRACH-Config ::=					SEQUENCE {
	rootSequenceIndex					INTEGER (0..837),
	prach-ConfigInfo					PRACH-ConfigInfo					OPTIONAL	-- Need ON
}

PRACH-Config-v1310 ::=				SEQUENCE {
	rsrp-ThresholdsPrachInfoList-r13		RSRP-ThresholdsPrachInfoList-r13		OPTIONAL,	-- Cond HO
	mpdcch-startSF-CSS-RA-r13			CHOICE {
		fdd-r13								ENUMERATED {v1, v1dot5, v2, v2dot5, v4, v5, v8, 
												v10},
 		tdd-r13								ENUMERATED {v1, v2, v4, v5, v8, v10, v20, spare}
	} 																		OPTIONAL,	-- Cond MP
	prach-HoppingOffset-r13				INTEGER (0..94)						OPTIONAL,	-- Need OR
	prach-ParametersListCE-r13			PRACH-ParametersListCE-r13			OPTIONAL,	-- Cond MP
	initial-CE-level-r13					INTEGER (0..3) 		OPTIONAL	-- Need OR
}

PRACH-Config-v1430 ::=				SEQUENCE {
	rootSequenceIndexHighSpeed-r14				INTEGER (0..837),
	zeroCorrelationZoneConfigHighSpeed-r14		INTEGER (0..12),
	prach-ConfigIndexHighSpeed-r14				INTEGER (0..63),
	prach-FreqOffsetHighSpeed-r14				INTEGER (0..94)
}

PRACH-ConfigSCell-r10 ::=				SEQUENCE {
	prach-ConfigIndex-r10					INTEGER (0..63)
}

PRACH-ConfigInfo ::=				SEQUENCE {
	prach-ConfigIndex					INTEGER (0..63),
	highSpeedFlag						BOOLEAN,
	zeroCorrelationZoneConfig			INTEGER (0..15),
	prach-FreqOffset					INTEGER (0..94)
}

PRACH-ParametersListCE-r13 ::=	SEQUENCE (SIZE(1..maxCE-Level-r13)) OF PRACH-ParametersCE-r13

PRACH-ParametersCE-r13 ::=			SEQUENCE {
	prach-ConfigIndex-r13					INTEGER (0..63),
	prach-FreqOffset-r13						INTEGER (0..94), 
	prach-StartingSubframe-r13				ENUMERATED {sf2, sf4, sf8, sf16, sf32, sf64, sf128,
														sf256}				OPTIONAL,	-- Need OP
	maxNumPreambleAttemptCE-r13
								ENUMERATED {n3, n4, n5, n6, n7, n8, n10}	OPTIONAL,	-- Need OP
	numRepetitionPerPreambleAttempt-r13		ENUMERATED {n1,n2,n4,n8,n16,n32,n64,n128},
	mpdcch-NarrowbandsToMonitor-r13			SEQUENCE (SIZE(1..2)) OF 
													INTEGER (1..maxAvailNarrowBands-r13),
	mpdcch-NumRepetition-RA-r13				ENUMERATED {r1, r2, r4, r8, r16,
														r32, r64, r128, r256},
	prach-HoppingConfig-r13					ENUMERATED {on,off}
}

RSRP-ThresholdsPrachInfoList-r13 ::= SEQUENCE (SIZE(1..3)) OF RSRP-Range

-- ASN1STOP

	PRACH-Config field descriptions

	initial-CE-level 
Indicates initial PRACH CE level at random access, see TS 36.321 [6]. If not configured, UE selects PRACH CE level based on measured RSRP level, see TS 36.321 [6].

	highSpeedFlag
Parameter: High-speed-flag, see TS 36.211 [21, 5.7.2]. TRUE corresponds to Restricted set and FALSE to Unrestricted set.

	maxNumPreambleAttemptCE 
Maximum number of preamble transmission attempts per CE level. See TS 36.321 [6].

	mpdcch-NarrowbandsToMonitor
Narrowbands to monitor for MPDCCH for RAR, see TS 36.213 [23, 6.2]. Field values (1..maxAvailNarrowBands-r13) correspond to narrowband indices (0..[maxAvailNarrowBands-r13-1]) as specified in TS 36.211 [21].

	mpdcch-NumRepetition-RA
Maximum number of repetitions for MPDCCH common search space (CSS) for RAR, Msg3 and Msg4, see TS 36.211 [21].

	mpdcch-startSF-CSS-RA 
Starting subframe configuration for MPDCCH common search space (CSS), including RAR, Msg3 retransmission, PDSCH with contention resolution and PDSCH with RRCConnectionSetup, see TS 36.211 [21] and TS 36.213 [23]. Value v1 corresponds to 1, value v1dot5 corresponds to 1.5, and so on.

	numRepetitionPerPreambleAttempt
Number of PRACH repetitions per attempt for each CE level, See TS 36.211 [21].

	prach-ConfigIndex
Parameter: prach-ConfigurationIndex, see TS 36.211 [21, 5.7.1].

	prach-ConfigIndexHighSpeed
Parameter: prach-ConfigurationIndexHighSpeed, see TS 36.211 [21, 5.7.1]. If this field is present, the UE shall ignore prach-ConfigIndex.

	prach-FreqOffset
Parameter: prach-FrequencyOffset, see TS 36.211 [21, 5.7.1]. For TDD the value range is dependent on the value of prach-ConfigIndex.

	prach-FreqOffsetHighSpeed
Parameter: prach-FrequencyOffsetHighSpeed, see TS 36.211 [21, 5.7.1]. For TDD the value range is dependent on the value of prach-ConfigIndexHighSpeed. If this field is present, the UE shall ignore prach-FreqOffset.

	prach-HoppingConfig
Coverage level specific frequency hopping configuration for PRACH. 

	prach-HoppingOffset
Parameter: PRACH frequency hopping offset, expressed as a number of resource blocks, see TS 36.211 [21, 5.7.1]

	prach-ParametersListCE
Configures PRACH parameters for each CE level. The first entry in the list is the PRACH parameters of CE level 0, the second entry in the list is the PRACH parameters of CE level 1, and so on.

	prach-StartingSubframe
PRACH starting subframe periodicity, expressed in number of subframes available for preamble transmission (PRACH opportunities), see TS 36.211 [21]. Value sf2 corresponds to 2 subframes, sf4 corresponds to 4 subframes and so on. EUTRAN configures the PRACH starting subframe periodicity larger than or equal to the Number of PRACH repetitions per attempt for each CE level (numRepetitionPerPreambleAttempt).

	rootSequenceIndex
Parameter: RACH_ROOT_SEQUENCE, see TS 36.211 [21, 5.7.1].

	rootSequenceIndexHighSpeed
[bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK238]The field indicates starting logical root sequence index used to derive the 64 random access preambles based on restricted set type B in high speed scenario, see TS 36.211 [21, 5.7.2]. If this field is present, the UE shall generate random access preambles based on restricted set type B and ignore rootSequenceIndex.

	rsrp-ThresholdsPrachInfoList
The criterion for BL UEs and UEs in CE to select PRACH resource set. Up to 3 RSRP threshold values are signalled to determine the CE level for PRACH, see TS 36.213 [23]. The first element corresponds to RSRP threshold 1, the second element corresponds to RSRP threshold 2 and so on, see TS 36.321 [6]. The UE shall ignore this field if only one CE level, i.e. CE level 0, is configured in prach-ParametersListCE.

	zeroCorrelationZoneConfig
Parameter: NCS configuration, see TS 36.211 [21, 5.7.2: table 5.7.2-2] for preamble format 0..3 and TS 36.211 [21, 5.7.2: table 5.7.2-3] for preamble format 4.

	zeroCorrelationZoneConfigHighSpeed
The field indicates NCS configuration for the restricted set type B in high speed scenario, see TS 36.211 [21, 5.7.2]. If this field is present, the UE shall generate random access preambles based on restricted set type B and ignore zeroCorrelationZoneConfig.



	Conditional presence
	Explanation

	HO
	The field is mandatory present if initial-CE-level-r13 is absent; otherwise it is optional, need OR.

	MP
	The field is mandatory present.
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