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1 Introduction
TDD was introduced in Rel-15 NB-IoT. This document discusses ASN.1 issues on the following parameters in TDD:

· numRepetitionsPerPreambleAttempt
· maxNumPreambleAttemptCE
· nprach-ParametersList

2 Discussion
2.1 ASN.1 issues
2.1.1 numRepetitionsPerPreambleAttempt
numRepetitionsPerPreambleAttempt indicates the number of NPRACH repetitions per attempt. For FDD, numRepetitionsPerPreambleAttempt-r13 was included in NPRACH-Parameters-NB-r13 per NPRACH repetition level:

NPRACH-Parameters-NB-r13::=


SEQUENCE {


nprach-Periodicity-r13




ENUMERATED {ms40, ms80, ms160, ms240,














ms320, ms640, ms1280, ms2560},


nprach-StartTime-r13




ENUMERATED {ms8, ms16, ms32, ms64,














ms128, ms256, ms512, ms1024},


nprach-SubcarrierOffset-r13



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},


nprach-NumSubcarriers-r13



ENUMERATED {n12, n24, n36, n48},


nprach-SubcarrierMSG3-RangeStart-r13
ENUMERATED {zero, oneThird, twoThird, one},


maxNumPreambleAttemptCE-r13



ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},


numRepetitionsPerPreambleAttempt-r13
ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},


npdcch-NumRepetitions-RA-r13


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128,















r256, r512, r1024, r2048,















spare4, spare3, spare2, spare1},


npdcch-StartSF-CSS-RA-r13



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},


npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

}

For TDD, numRepetitionsPerPreambleAttempt-r15 was introduced in tdd-Parameters-r15, which is common to all repetition levels:

NPRACH-ConfigSIB-NB-v1530 ::=

SEQUENCE {


tdd-Parameters-r15




SEQUENCE {



nprach-PreambleFormat-r15


ENUMERATED {













fmt0, fmt1, fmt2, fmt0-a, fmt1-a},



numRepetitionsPerPreambleAttempt-r15 ENUMERATED {













n1, n2, n4, n8, n16, n32, n64, n128,













n256, n512, n1024},



nprach-ParametersListTDD-r15

NPRACH-ParametersListTDD-NB-r15


}
OPTIONAL,

-- Cond TDD

fmt2-Parameters-r15




SEQUENCE {



nprach-ParametersListFmt2-r15

NPRACH-ParametersListFmt2-NB-r15 OPTIONAL,
-- Need OR



nprach-ParametersListFmt2EDT-r15
NPRACH-ParametersListFmt2-NB-r15 OPTIONAL
-- Cond EDT2


}
OPTIONAL,

-- Need OR


edt-Parameters-r15




SEQUENCE {



edt-SmallTBS-Subset-r15



ENUMERATED {true}



OPTIONAL,
-- Need OR



edt-TBS-InfoList-r15



EDT-TBS-InfoList-NB-r15,



nprach-ParametersListEDT-r15

NPRACH-ParametersList-NB-r14
OPTIONAL
-- Need OR


}
OPTIONAL

-- Cond EDT1

}

numRepetitionsPerPreambleAttempt reflects the uplink coverage. This is the same for both FDD and TDD. Actually, in the parameters list provided by RAN1 [1], numRepetitionsPerPreambleAttempt was listed as a per CEL parameter:
	RACH
	……
	numRepetitionsPerPreambleAttempt
	……
	number of NPRACH repetitions per attempt
	……
	NB-IoT carrier and NPRACH resource specific


Thus, we think numRepetitionsPerPreambleAttempt should be per NPRACH repetition level configuration also in TDD.
Proposal 1: Change numRepetitionsPerPreambleAttempt to be per NPRACH repetition level in TDD.
2.1.2 maxNumPreambleAttemptCE

In the following NPRACH configuration in NPRACH-ConfigSIB-NB for TDD,
maxNumPreambleAttemptCE is not included for each NPRACH repetition level. Thus, maxNumPreambleAttemptCE-r13 in nprach-ParametersList-r13 for legacy has to be used for TDD.
NPRACH-ParametersListTDD-NB-r15 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF












NPRACH-ParametersTDD-NB-r15

NPRACH-ParametersTDD-NB-r15 ::=

SEQUENCE {


nprach-Parameters-r15




SEQUENCE {



nprach-Periodicity-r15




ENUMERATED {ms80, ms160, ms320, ms640,
















ms1280, ms2560, ms5120, ms10240}














OPTIONAL,
-- NEED OP



nprach-StartTime-r15




ENUMERATED {ms10, ms20, ms40, ms80,
















ms160, ms320, ms640, ms1280,
















ms2560, ms5120, spare6, spare5,
















spare4, spare3, spare2, spare1}














OPTIONAL,
-- NEED OP



nprach-SubcarrierOffset-r15



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1}














OPTIONAL,
-- NEED OP



nprach-NumSubcarriers-r15



ENUMERATED {n12, n24, n36, n48}














OPTIONAL,
-- NEED OP



nprach-SubcarrierMSG3-RangeStart-r15
ENUMERATED {zero, oneThird, twoThird, one}














OPTIONAL,
-- NEED OP



npdcch-NumRepetitions-RA-r15


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128,
















r256, r512, r1024, r2048,
















spare4, spare3, spare2, spare1}














OPTIONAL,
-- NEED OP



npdcch-StartSF-CSS-RA-r15



ENUMERATED {v4, v8, v16, v32, v48, v64, v96, v128}















OPTIONAL,
-- NEED OP



npdcch-Offset-RA-r15




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}














OPTIONAL,
-- NEED OP



nprach-NumCBRA-StartSubcarriers-r15

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24,
















n32, n34, n35, n36, n40, n44, n46, n48}














OPTIONAL,
-- NEED OP



...


}
OPTIONAL
-- Need OR

}

Observation 1: For TDD, maxNumPreambleAttemptCE is not included in NPRACH-ParametersTDD-NB for each NPRACH repetition level. maxNumPreambleAttemptCE in nprach-ParametersList-r13 for legacy has to be used for TDD.
2.1.3 nprach-ParametersList-r13
In NPRACH-ConfigSIB-NB, NPRACH configuration for TDD is signalled in field nprach-ParametersListTDD-r15. However, nprach-ParametersList-r13 is a mandatory field for legacy:
NPRACH-ConfigSIB-NB-r13 ::=


SEQUENCE {

nprach-CP-Length-r13



ENUMERATED {us66dot7, us266dot7},


rsrp-ThresholdsPrachInfoList-r13
RSRP-ThresholdsNPRACH-InfoList-NB-r13
OPTIONAL,
-- Need OR


nprach-ParametersList-r13

NPRACH-ParametersList-NB-r13

}

NPRACH-ConfigSIB-NB-v1330 ::=

SEQUENCE {


nprach-ParametersList-v1330


NPRACH-ParametersList-NB-v1330

}

NPRACH-ConfigSIB-NB-v1450 ::=

SEQUENCE {


maxNumPreambleAttemptCE-r14


ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1}

}

NPRACH-ConfigSIB-NB-v1530 ::=

SEQUENCE {


tdd-Parameters-r15




SEQUENCE {



nprach-PreambleFormat-r15


ENUMERATED {













fmt0, fmt1, fmt2, fmt0-a, fmt1-a},



numRepetitionsPerPreambleAttempt-r15 ENUMERATED {













n1, n2, n4, n8, n16, n32, n64, n128,













n256, n512, n1024},



nprach-ParametersListTDD-r15

NPRACH-ParametersListTDD-NB-r15


}
OPTIONAL,

-- Cond TDD

fmt2-Parameters-r15




SEQUENCE {



nprach-ParametersListFmt2-r15

NPRACH-ParametersListFmt2-NB-r15 OPTIONAL,
-- Need OR



nprach-ParametersListFmt2EDT-r15
NPRACH-ParametersListFmt2-NB-r15 OPTIONAL
-- Cond EDT2


}
OPTIONAL,

-- Need OR


edt-Parameters-r15




SEQUENCE {



edt-SmallTBS-Subset-r15



ENUMERATED {true}



OPTIONAL,
-- Need OR



edt-TBS-InfoList-r15



EDT-TBS-InfoList-NB-r15,



nprach-ParametersListEDT-r15

NPRACH-ParametersList-NB-r14
OPTIONAL
-- Need OR


}
OPTIONAL

-- Cond EDT1

}

In TDD, nprach-ParametersList-r13 needs to be signalled for ASN.1 reason, the only useful information inside is maxNumPreambleAttemptCE-r13 due to this parameter is not included in NPRACH configuration for TDD, as mentioned in Observation 1. The number of entries in nprach-ParametersList-r13 needs to be the same as the number NPRACH repetition levels configured for TDD.
Observation 2: For TDD, nprach-ParametersList-r13 needs to be signalled for ASN.1 reason, including the same number of entries as the number of NPRACH repetition levels configured for TDD, while the only useful information inside is maxNumPreambleAttemptCE-r13.
2.2 Solutions
In this section, we will provide two options to capture proposal 1 in the specification. In Option 1, no signalling optimisation is considered. In Option 2, signalling optimisation based on Observation 1 and Observation 2 is considered.
Option 1: without signalling optimisation
The text proposal for Option 1 are as follows:

NPRACH-ConfigSIB-NB information elements
-- ASN1START

NPRACH-ConfigSIB-NB-r13 ::=


SEQUENCE {


nprach-CP-Length-r13



ENUMERATED {us66dot7, us266dot7},


rsrp-ThresholdsPrachInfoList-r13
RSRP-ThresholdsNPRACH-InfoList-NB-r13
OPTIONAL,
-- Need OR


nprach-ParametersList-r13

NPRACH-ParametersList-NB-r13

}

NPRACH-ConfigSIB-NB-v1330 ::=

SEQUENCE {


nprach-ParametersList-v1330


NPRACH-ParametersList-NB-v1330

}

NPRACH-ConfigSIB-NB-v1450 ::=

SEQUENCE {


maxNumPreambleAttemptCE-r14


ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1}

}

NPRACH-ConfigSIB-NB-v1530 ::=

SEQUENCE {


tdd-Parameters-r15




SEQUENCE {



nprach-PreambleFormat-r15


ENUMERATED {













fmt0, fmt1, fmt2, fmt0-a, fmt1-a},



numRepetitionsPerPreambleAttempt-r15dummy ENUMERATED {













n1, n2, n4, n8, n16, n32, n64, n128,













n256, n512, n1024},



nprach-ParametersListTDD-r15

NPRACH-ParametersListTDD-NB-r15


}
OPTIONAL,

-- Cond TDD


fmt2-Parameters-r15




SEQUENCE {



nprach-ParametersListFmt2-r15

NPRACH-ParametersListFmt2-NB-r15 OPTIONAL,
-- Need OR



nprach-ParametersListFmt2EDT-r15
NPRACH-ParametersListFmt2-NB-r15 OPTIONAL
-- Cond EDT2


}
OPTIONAL,

-- Need OR


edt-Parameters-r15




SEQUENCE {



edt-SmallTBS-Subset-r15



ENUMERATED {true}



OPTIONAL,
-- Need OR



edt-TBS-InfoList-r15



EDT-TBS-InfoList-NB-r15,



nprach-ParametersListEDT-r15

NPRACH-ParametersList-NB-r14
OPTIONAL
-- Need OR


}
OPTIONAL

-- Cond EDT1

}

PRACH-ConfigSIB-NB-v1550 ::=

SEQUENCE {


tdd-Parameters-v1550



SEQUENCE {



nprach-ParametersListTDD-v1550

SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-ParametersTDD-NB-v1550



}


}

<omit>
NPRACH-ParametersListTDD-NB-r15 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF












NPRACH-ParametersTDD-NB-r15

NPRACH-ParametersTDD-NB-r15 ::=

SEQUENCE {


nprach-Parameters-r15




SEQUENCE {



nprach-Periodicity-r15




ENUMERATED {ms80, ms160, ms320, ms640,
















ms1280, ms2560, ms5120, ms10240}














OPTIONAL,
-- NEED OP



nprach-StartTime-r15




ENUMERATED {ms10, ms20, ms40, ms80,
















ms160, ms320, ms640, ms1280,
















ms2560, ms5120, spare6, spare5,
















spare4, spare3, spare2, spare1}














OPTIONAL,
-- NEED OP



nprach-SubcarrierOffset-r15



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1}














OPTIONAL,
-- NEED OP



nprach-NumSubcarriers-r15



ENUMERATED {n12, n24, n36, n48}














OPTIONAL,
-- NEED OP



nprach-SubcarrierMSG3-RangeStart-r15
ENUMERATED {zero, oneThird, twoThird, one}














OPTIONAL,
-- NEED OP



npdcch-NumRepetitions-RA-r15


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128,
















r256, r512, r1024, r2048,
















spare4, spare3, spare2, spare1}














OPTIONAL,
-- NEED OP



npdcch-StartSF-CSS-RA-r15



ENUMERATED {v4, v8, v16, v32, v48, v64, v96, v128}















OPTIONAL,
-- NEED OP



npdcch-Offset-RA-r15




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}














OPTIONAL,
-- NEED OP



nprach-NumCBRA-StartSubcarriers-r15

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24,
















n32, n34, n35, n36, n40, n44, n46, n48}














OPTIONAL,
-- NEED OP



...


}
OPTIONAL
-- Need OR

}
NPRACH-ParametersTDD-NB-v1550 ::=

SEQUENCE {


numRepetitionsPerPreambleAttempt-v1550 
ENUMERATED {













n1, n2, n4, n8, n16, n32, n64, n128,













n256, n512, n1024}
}
<omit>

	dummy

This field is not used in the specification. If received it shall be ignored by the UE.

	nprach-ParametersList, nprach-ParametersListEDT

Configures NPRACH parameters for each NPRACH resource. Up to three PRACH resources can be configured in nprach-ParametersList in a cell. Each NPRACH resource is associated with a different number of NPRACH repetitions.

The NPRACH resources in nprach-ParametersListEDT are used to initiate EDT. Each NPRACH resource is associated with a TBS signalled in the corresponding entry of edt-TBS-InfoList.
For TDD: The UE shall use nprach-ParametersListTDD-r15 and ignore the parameters in nprach-ParametersList-r13 other than maxNumPreambleAttemptCE-r13. E-UTRAN includes the same number of entries in nprach-ParametersList-r13 and nprach-ParametersListTDD-r15.

	skipped

	numRepetitionsPerPreambleAttempt

Number of NPRACH repetitions per attempt for each NPRACH resource, See TS 36.211 [21], section 10.1.6. numRepetitionsPerPreambleAttempt-r13 applies to FDD and numRepetitionsPerPreambleAttempt-v1550r15 applies to TDD.


Option 2: with signalling optimisation

Considering that for TDD, most parameters in nprach-ParametersList-r13 are signalled only for ASN.1 reason and not useful, we think the following Option 2 with signalling optimisation can be considered to achieve Proposal 1 for TDD:

· Only one entry is signalled in nprach-ParametersList-r13. The field is ignored by the UE. 
· Introduce NPRACH-ConfigSIB-NB-v1550 to signal maxNumPreambleAttemptCE and numRepetitionsPerPreambleAttempt for all NPRACH repetition levels. 
The Text proposal for Option 2 are as follows:
NPRACH-ConfigSIB-NB information elements
-- ASN1START

NPRACH-ConfigSIB-NB-r13 ::=


SEQUENCE {


nprach-CP-Length-r13



ENUMERATED {us66dot7, us266dot7},


rsrp-ThresholdsPrachInfoList-r13
RSRP-ThresholdsNPRACH-InfoList-NB-r13
OPTIONAL,
-- Need OR


nprach-ParametersList-r13

NPRACH-ParametersList-NB-r13

}

NPRACH-ConfigSIB-NB-v1330 ::=

SEQUENCE {


nprach-ParametersList-v1330


NPRACH-ParametersList-NB-v1330

}

NPRACH-ConfigSIB-NB-v1450 ::=

SEQUENCE {


maxNumPreambleAttemptCE-r14


ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1}

}

NPRACH-ConfigSIB-NB-v1530 ::=

SEQUENCE {


tdd-Parameters-r15




SEQUENCE {



nprach-PreambleFormat-r15


ENUMERATED {













fmt0, fmt1, fmt2, fmt0-a, fmt1-a},



numRepetitionsPerPreambleAttempt-r15dummy ENUMERATED {













n1, n2, n4, n8, n16, n32, n64, n128,













n256, n512, n1024},



nprach-ParametersListTDD-r15

NPRACH-ParametersListTDD-NB-r15


}
OPTIONAL,

-- Cond TDD


fmt2-Parameters-r15




SEQUENCE {



nprach-ParametersListFmt2-r15

NPRACH-ParametersListFmt2-NB-r15 OPTIONAL,
-- Need OR



nprach-ParametersListFmt2EDT-r15
NPRACH-ParametersListFmt2-NB-r15 OPTIONAL
-- Cond EDT2


}
OPTIONAL,

-- Need OR


edt-Parameters-r15




SEQUENCE {



edt-SmallTBS-Subset-r15



ENUMERATED {true}



OPTIONAL,
-- Need OR



edt-TBS-InfoList-r15



EDT-TBS-InfoList-NB-r15,



nprach-ParametersListEDT-r15

NPRACH-ParametersList-NB-r14
OPTIONAL
-- Need OR


}
OPTIONAL

-- Cond EDT1

}
NPRACH-ConfigSIB-NB-v1550 ::=

SEQUENCE {


tdd-Parameters-v1550



SEQUENCE {



nprach-ParametersListTDD-v1550

NPRACH-ParametersListTDD-NB-v1550

}

}

NPRACH-ParametersListTDD-NB-v1550 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-ParametersTDD-NB-v1550
NPRACH-ParametersTDD-NB-v1550 ::=

SEQUENCE {


maxNumPreambleAttemptCE-v1550



ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},


numRepetitionsPerPreambleAttempt-v1550

ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128}
}

<omit>

	dummy

This field is not used in the specification. If received it shall be ignored by the UE.

	nprach-ParametersList, nprach-ParametersListEDT

Configures NPRACH parameters for each NPRACH resource. Up to three PRACH resources can be configured in nprach-ParametersList in a cell. Each NPRACH resource is associated with a different number of NPRACH repetitions.

The NPRACH resources in nprach-ParametersListEDT are used to initiate EDT. Each NPRACH resource is associated with a TBS signalled in the corresponding entry of edt-TBS-InfoList.
For TDD: The UE shall use nprach-ParametersListTDD and ignore nprach-ParametersList. 


Comparison of Option 1 and Option 2:

In Option 1, only numRepetitionsPerPreambleAttempt is introduced for TDD per NPRACH repetition level. In Option 2, both numRepetitionsPerPreambleAttempt and maxNumPreambleAttemptCE are introduced for each NPRACH repetition level. The benefit of Option 2 is that there is no need to signal legacy NPRACH-Parameters-NB-r13 for all NPRACH repetition levels only for maxNumPreambleAttemptCE. The eNB may signal only the first entry of nprach-ParametersList-r13 for ASN.1 reason so that the signalling overhead for other two repetition levels can be avoided. Thus, if more than one NPRACH repetition levels are configured for TDD, Option 2 needs less bits in SIB2-NB.
	Signalling overhead
	One NPRACH repetition level is configured
	Two NPRACH repetition level are configured
	Three NPRACH repetition levels are configured

	
	Option 1
	Option 2
	Option 1
	Option 2
	Option 1
	Option 2

	numRepetitionsPerPreambleAttempt
	4 bits
	4 bits
	4*2 =8 bits
	4*2 = 8 bits
	4*3 =12 bits
	4*3 = 12 bits

	maxNumPreambleAttemptCE
	0
	3 bits
	0
	3*2 = 6 bits
	0
	3*3 = 9 bits

	nprach-ParametersList-r13 for legacy
	28 bits
	28 bits
	28*2 = 56 bits
	28 bits
	28*3 = 84 bits
	28 bits

	Total
	32 bits
	35 bits
	64bits
	42 bits
	96 bits
	49 bits


Based on the above comparison, we think both Options can work but we slightly prefer to capture Option 2 to reduce the signalling overhead.
Proposal 2: Change TS36.331 based on Option 2.
3 Conclusion

This paper focused on ASN.1 issues for TDD. Corresponding observation and proposals are listed as below:
Observation 1:  For TDD, maxNumPreambleAttemptCE is not included in NPRACH-ParametersTDD-NB for each NPRACH repetition level. maxNumPreambleAttemptCE in nprach-ParametersList-r13 for legacy has to be used for TDD.

Observation 2:  For TDD, nprach-ParametersList-r13 needs to be signalled for ASN.1 reason, including the same number of entries as the number of NPRACH repetition levels configured for TDD, while the only useful information inside is maxNumPreambleAttemptCE-r13.
Proposal 1: Change numRepetitionsPerPreambleAttempt to be per NPRACH repetition level in TDD.
Proposal 2: Change TS36.331 based on Option 2.
Corresponding RRC CRs for Option 1 and Option 2 are provided in [2] and [3] respectively.
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