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1   Introduction

The WID of Rel-16 NB-IoT enhancements for LTE were approved in RAN#80. The WID has been revised and the lasted one is approved in RAN#84 [1]. The following objective is included in the WID:

	Network management tool enhancement:

· SON support for reporting of [RAN2, RAN3]

· Cell Global Identity and strongest measured cell(s) (ANR)

· Random access performance

· Radio link failure (RLF), if needed


Based on TS 36.300[2], RACH optimization is supported by UE reported information and by PRACH parameters exchange between eNBs. For which, UE reported information impacts on the RAN2 specification (e.g. 36.331, Radio Resource Control (RRC) protocol specification), while PRACH parameters exchange between eNBs impacts on the RAN3 specification (e.g. 36.423, X2 Application Protocol (X2AP)).

In this contribution, we will discuss the RAN3 impact for the Random access performance in NB-IoT (e.g. NB-IoT PRACH parameters exchange between eNBs impacts).

2   Discussion

In NB-IoT, different type of NPRACH resources are supported gradually, e.g. 

· In Rel-13, only the following one type of NPRACH resource is supported.
· FDD Format 0/1 anchor carrier NPRACH resource.
· In Rel-14, non-anchor NPRACH feature is introduced, e.g. the following one type NPRACH resources is also supported
· FDD Format 0/1 non-anchor carrier NPRACH resource is also supported.
· In Rel-15, EDT feature, Format 2 NPRACH feature, and TDD feature are introduced. Thus, the following types NPRACH resources are also supported:
· FDD Format 0/1 anchor carrier EDT NPRACH resource，

· FDD Format 0/1 non-anchor carrier EDT NPRACH resource

· FDD Format 2 anchor carrier non-EDT NPRACH resource， 

· FDD Format 2 non-anchor carrier non-EDT NPRACH resource，

· FDD Format 2 anchor carrier EDT NPRACH resource， 

· FDD Format 2 non-anchor carrier EDT NPRACH resource，

· TDD anchor carrier NPRACH resource

· TDD non-anchor carrier NPRACH resource

In which:

· Anchor carrier NPRACH resources (including FDD Format 0/1 anchor carrier NPRACH resource, FDD Format 0/1 anchor carrier EDT NPRACH resource, FDD Format 2 anchor carrier non-EDT NPRACH resource, FDD Format 2 anchor carrier EDT NPRACH resource, TDD anchor carrier NPRACH resource) are configured in SIB2;
· Non-Anchor carrier FDD Format 0/1 NPRACH resources(including FDD Format 0/1 non-anchor carrier NPRACH resource, FDD Format 0/1 non-anchor carrier EDT NPRACH resource, FDD Format 2 non-anchor carrier non-EDT NPRACH resource，FDD Format 2 non-anchor carrier EDT NPRACH resource) and Non-Anchor carrier TDD NPRACH resources are configured in SIB22
· Non-Anchor carrier FDD Format 2 NPRACH resources (including FDD Format 2 non-anchor carrier non-EDT NPRACH resource,FDD Format 2 non-anchor carrier EDT NPRACH resource) are configured in SIB23.
For FDD cell: format 0/1 NPRACH is mandatory supported by default; and Format 2 NPRACH is optionally supported. Thus, the carrier frequency is not provided for the Format 2 NPRACH configuration for in SIB23, which depends on the carrier frequency configuration for the Format 0/1 NPRACH configuration in SIB22.
Considering that different types of FDD NPRACH resources may be configured in one cell, different TDD NPRACH resources may also be configured in one cell, and each type of NPRACH resource includes at least the following parameters: nprach-Periodicity, nprach-StartTime, nprach-SubcarrierOffset, nprach-NumSubcarriers, nprach-SubcarrierMSG3-RangeStart, npdcch-NumRepetitions-RA, there are lots of NPRACH parameters configuration in NB-IoT cell.

Observation 1: It is possible that there are many types of NPRACH resources per cell and each type of NPRACH resources configuration includes lots of parameters.
List all these types of NPRACH resources in X2AP and the parameters per type of NPRACH resource seems a big job. In fact, all these types of NPRACH resource are gradually and an IE container has been used when introducing new type(s) of NPRACH resource. E.g. 

· FDD Format 0/1 anchor carrier non-EDT NPRACH resource is introduced in Rel-13 with the following IE container:

	NPRACH-ParametersList-NB-r13 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r13


Which can be directly included in X2AP as a container to transfer the FDD Format 0/1 anchor carrier non-EDT NPRACH resource configuration. 

·   TDD anchor carrier NPRACH resource, FDD Format 0/1 anchor carrier EDT NPRACH resource, FDD Format 2 anchor carrier non-EDT NPRACH resource and FDD Format 2 anchor carrier EDT NPRACH resource are introduced in Rel-15 in the following IE container:

	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

}

UL-ConfigCommon-NB-v1530


If this IE is directly used in X2AP as a container to transfer the TDD anchor carrier NPRACH resource configuration, FDD Format 0/1 anchor carrier non-EDT NPRACH resource configuration, FDD Format 2 anchor carrier non-EDT NPRACH resource configuration and/or FDD Format 2 anchor carrier EDT NPRACH resource configuration, it is feasible but some redundant parameters will also be contained, e.g. the edt-TBS-InfoList-r15 will be included in FDD Format 0/1 anchor carrier EDT NPRACH resource, which is not necessary. To avoid this, the sub-IE can be used as the container to transfer the NPRACH resource configuration, e.g.

· NPRACH-ParametersListTDD-NB-r15 IE is used in X2AP as a container to transfer the TDD anchor carrier NPRACH resource configuration; 

· NPRACH-ParametersListFmt2-NB-r15 IE is used in X2AP as a container to transfer the FDD Format 2 anchor carrier non-EDT NPRACH resource configuration and/or FDD Format 2 anchor carrier EDT NPRACH resource configuration;

· NPRACH-ParametersList-NB-r14 IE is used in X2AP as a container to transfer the FDD Format 0/1 anchor carrier EDT NPRACH resource configuration.

· FDD Format 0/1 non-anchor carrier non-EDT NPRACH resource is introduced in Rel-14 with the following IE container:

	UL-ConfigCommonList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommon-NB-r14

UL-ConfigCommon-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r14




CarrierFreq-NB-r13,


nprach-ParametersList-r14 


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


...,


[[
nprach-ParametersListEDT-r15
NPRACH-ParametersList-NB-r14
OPTIONAL -- Cond EDT


]]

}


Which can be directly included in X2AP as a container to transfer the FDD Format 0/1 non-anchor carrier non-EDT NPRACH resource configuration.

· TDD non-anchor carrier NPRACH resource is is introduced in Rel-15 with the following IE container:

	UL-ConfigCommonListTDD-NB-r15 ::=
SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommonTDD-NB-r15

UL-ConfigCommonTDD-NB-r15 ::=

SEQUENCE {


tdd-UL-DL-AlignmentOffset-r15

TDD-UL-DL-AlignmentOffset-NB-r15,


nprach-ParametersListTDD-r15 

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


...

}


Considering that non-anchor carrier frequency is not included in this IE container, besides this IE container, an additional non-anchor carrier frequency list is necessary to indicate the TDD non-anchor carrier NPRACH resource configuration. For the non-anchor carrier frequency list, it can use the following IE container as the carrier frequency configuration:

	dl-CarrierConfig-r14



DL-CarrierConfigCommon-NB-r14,


· FDD Format 2 non-anchor carrier non-EDT NPRACH resource and FDD Format 2 non-anchor carrier EDT NPRACH resource are introduced in Rel-15 with the following IE container:

	UL-ConfigCommonList-NB-v1530 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommon-NB-v1530

UL-ConfigCommon-NB-v1530 ::=


SEQUENCE {


nprach-ParametersListFmt2-r15 


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


nprach-ParametersListFmt2EDT-r15 

NPRACH-ParametersListFmt2-NB-r15
OPTIONAL, -- Cond EDT


...

}


Which can be directly included in X2AP as a container to transfer the FDD Format 2 non-anchor carrier non-EDT NPRACH resource and/or FDD Format 2 non-anchor carrier EDT NPRACH resource configuration.

Thus, the RAN2 IEs can be included in X2AP as a container to exchange all types of NB-IoT PRACH parameters between eNBs conveniently.

Proposal 1: RAN2 IEs or SIBs is included in X2AP as a container to exchange all types of NB-IoT PRACH parameters between eNBs.

In NB-IOT cell, either FDD or TDD will be supported, which depends on the MIB type (e.g. MasterInformationBlock-NB or MasterInformationBlock-TDD-NB). For FDD cell, only FDD NPRACH resource configuration are valid; for TDD cell, only TDD NPRACH resource configuration are valid. Thus, FDD or TDD CHOICE can be used to exchange the NB-IoT FDD PRACH parameters or TDD PRACH parameters between eNBs.

Proposal 2: FDD or TDD CHOICE can be used to exchange the NB-IoT FDD PRACH parameters or TDD PRACH parameters between (ng-)eNBs.

Taken into account the NPRACH preamble format decides the NPRACH time domain length, the NPRACH format should be also exchanged between (ng-)eNBs. Considering that NPRACH format2 can be deduced from the above IEs container, but FDD NPRACH format 0/1 can TDD NPRACH format cannot be deduced from the above mentioned container. In RAN2, NPRACH Format 0/1 is indicated by the parameter NPRACH-CP-Length-r13 and TDD NPRACH Format is indicated by the parameter nprach-PreambleFormat-r15 explicitly, so NPRACH-CP-Length indication should also be exchanged between (ng-)eNBs for NPRACH parameters exchanging.

Proposal 3: NPRACH-CP-Length indication is exchanged between (ng-) eNBs as a NPRACH parameters.  

Taken into account that NB-IoT connection to 5GC will be supported in Rel-16, the NPRACH parameters exchange between eNBs will also impact the XnAP Specification.

Observation 2: The NPRACH parameters exchange between eNBs also impacts XnAP Specification.

Based on the discussion, we provide the related Draft CR [4][5].
3   Proposal

In this contribution, we discuss RACH optimization in NB-IOT, and get the following proposal:

Observation 1: It is possible that there are many types of NPRACH resources per cell and each type of NPRACH resources configuration includes lots of parameters.

Observation 2: The NPRACH parameters exchange between eNBs also impacts the XnAP Specification.
Proposal 1: RAN2 IEs or SIBs is included in X2AP as a container to exchange all types of NB-IoT PRACH parameters between eNBs.

Proposal 2: FDD or TDD CHOICE can be used to exchange the NB-IoT FDD PRACH parameters or TDD PRACH parameters between eNBs.

Proposal 3: NPRACH-CP-Length indication is exchanged between (ng-)eNBs as a NPRACH parameters.
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