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1 Introduction

The Rel-17 WID of additional enhancements for NB-IoT and eMTC have been approved in RAN#86 and revision can be seen in [1]. The following objective is included in the WID:

	· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.)


In this contribution, we will discuss the possible enhancements for NB-IoT carrier selection. Based on the analysis, we will give some observations and some initial proposals. 
2 Discussion

2.1 Bckground

In the previous discussion for this objective in the WID, companies think in the current specifications, some of the existing multi-carrier paging/PRACH related parameters are cell-specific. This would lead all NB-IoT carriers within one cell having the same configuration (e.g. paging etc.) and also results in mixed services running on one carrier with the same configuration. There has concern that the system efficiency may suffer if those service requirements are diverse but have to be use same configuration. In fact, different services have different requirements in terms of coverage, latency tolerance, battery life etc. Therefore, this new requirement has been mentioned that it needs to support changing some multi-carrier related procedures from being cell-specific to NB-IoT carrier-specific. With this enhancement, operators can handle different services with different requirements on different NB-IoT carriers in a more efficient way. 
2.2 CEL-based multi carrier process
2.2.1 UL non-anchor carrier process

2.2.1.1 Configuration
Per our understanding for the current specification, CEL-based PRACH carrier configuration has already been supported. Based on the highlight yellow text in the following copied ASN.1:
	TS 36.331:
SystemInformationBlockType22-NB information element
-- ASN1START

SystemInformationBlockType22-NB-r14 ::=
SEQUENCE {


dl-ConfigList-r14




DL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR


ul-ConfigList-r14




UL-ConfigCommonList-NB-r14
OPTIONAL,
-- Need OR


pagingWeightAnchor-r14



PagingWeight-NB-r14


OPTIONAL,
-- Cond pcch-config


nprach-ProbabilityAnchorList-r14
NPRACH-ProbabilityAnchorList-NB-r14
OPTIONAL,
-- Cond nprach-config


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


...,


[[
mixedOperationModeConfig-r15
SEQUENCE {




dl-ConfigListMixed-r15


DL-ConfigCommonList-NB-r14
OPTIONAL,
-- Cond dl-ConfigList




ul-ConfigListMixed-r15


UL-ConfigCommonList-NB-r14
OPTIONAL,
-- Cond ul-ConfigList




pagingDistribution-r15


ENUMERATED {true}


OPTIONAL,
-- Need OR




nprach-Distribution-r15


ENUMERATED {true}


OPTIONAL
-- Need OR



}















OPTIONAL,
-- Need OR



ul-ConfigList-r15



UL-ConfigCommonListTDD-NB-r15
OPTIONAL
-- Cond TDD


]]

}

DL-ConfigCommonList-NB-r14 ::=

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












DL-ConfigCommon-NB-r14
UL-ConfigCommonList-NB-r14 ::=

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












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












UL-ConfigCommonTDD-NB-r15

DL-ConfigCommon-NB-r14 ::=


SEQUENCE {


dl-CarrierConfig-r14



DL-CarrierConfigCommon-NB-r14,


pcch-Config-r14




PCCH-Config-NB-r14


OPTIONAL, -- Need OR

...,


[[
wus-Config-r15




WUS-ConfigPerCarrier-NB-r15

OPTIONAL
-- Cond WUS


]],


[[
gwus-Config-r16




WUS-ConfigPerCarrier-NB-r15

OPTIONAL
-- Cond GWUS


]]

}

PCCH-Config-NB-r14 ::=



SEQUENCE {


npdcch-NumRepetitionPaging-r14

ENUMERATED {












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












r256, r512, r1024, r2048,












spare4, spare3, spare2, spare1} OPTIONAL, -- Need OP


pagingWeight-r14





PagingWeight-NB-r14
DEFAULT w1,


...

}

PagingWeight-NB-r14
::=


ENUMERATED {w1, w2, w3, w4, w5, w6, w7, w8,













w9, w10, w11, w12, w13, w14, w15, w16}

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


]]

}

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


...

}

NPRACH-ProbabilityAnchorList-NB-r14 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF













NPRACH-ProbabilityAnchor-NB-r14

NPRACH-ProbabilityAnchor-NB-r14 ::=

SEQUENCE {


nprach-ProbabilityAnchor-r14


ENUMERATED {













zero, oneSixteenth, oneFifteenth, oneFourteenth,













oneThirteenth, oneTwelfth, oneEleventh, oneTenth,













oneNinth, oneEighth, oneSeventh, oneSixth,













oneFifth, oneFourth, oneThird, oneHalf}















OPTIONAL
-- Need OP

}

-- ASN1STOP

SystemInformationBlockType22-NB field description
……
nprach-Distribution

Indicates which UL carriers a UE supporting mixed operation mode uses for random access as defined in description of ul-ConfigList, ul-ConfigListMixed.
nprach-ParametersList, nprach-ParametersList-EDT

Configure NPRACH parameters for each NPRACH resource on one non-anchor UL carrier. Up to three NPRACH resources can be configured on one non-anchor UL carrier. Each NPRACH resource is associated with a different number of NPRACH repetitions.

NPRACH resources in nprach-ParametersListEDT are used to initiate EDT. Each NPRACH resource is associated with a maximum TBS signalled in the corresponding entry of edt-TBS-InfoList in SystemInformationBlockType2-NB.

E-UTRAN includes the same number of entries, and listed in the same order, as in nprach-ParametersList in SystemInformationBlockType2-NB.
nprach-ParametersListTDD

For TDD: Configure NPRACH parameters for each NPRACH resource on one non-anchor UL carrier. Up to three NPRACH resources can be configured on one non-anchor UL carrier. Each NPRACH resource is associated with a different number of NPRACH repetitions.

E-UTRAN includes the same number of entries in nprach-ParametersListTDD, and listed in the same order, as in nprach-ParametersListTDD in SystemInformationBlockType2-NB..
…….
NPRACH-ConfigSIB-NB information elements
-- ASN1START
........................................
NPRACH-ParametersList-NB-r14 ::=

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












NPRACH-Parameters-NB-r14
NPRACH-Parameters-NB-r14 ::=


SEQUENCE {

nprach-Parameters-r14




SEQUENCE {



nprach-Periodicity-r14




ENUMERATED {ms40, ms80, ms160, ms240,
















ms320, ms640, ms1280, ms2560}














OPTIONAL,
-- NEED OP



nprach-StartTime-r14




ENUMERATED {ms8, ms16, ms32, ms64,
















ms128, ms256, ms512, ms1024}














OPTIONAL,
-- NEED OP



nprach-SubcarrierOffset-r14



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














OPTIONAL,
-- NEED OP



nprach-NumSubcarriers-r14



ENUMERATED {n12, n24, n36, n48}














OPTIONAL,
-- NEED OP



nprach-SubcarrierMSG3-RangeStart-r14
ENUMERATED {zero, oneThird, twoThird, one}














OPTIONAL,
-- NEED OP



npdcch-NumRepetitions-RA-r14


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
















r256, r512, r1024, r2048,
















spare4, spare3, spare2, spare1}














OPTIONAL,
-- NEED OP



npdcch-StartSF-CSS-RA-r14



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















OPTIONAL,
-- NEED OP



npdcch-Offset-RA-r14




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}














OPTIONAL,
-- NEED OP



nprach-NumCBRA-StartSubcarriers-r14

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
















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














OPTIONAL,
-- NEED OP



npdcch-CarrierIndex-r14




INTEGER (1..maxNonAnchorCarriers-NB-r14)














OPTIONAL,
-- Need OP



...


}
OPTIONAL
-- Need OR
}
........................................
-- ASN1STOP
RadioResourceConfigCommonSIB-NB information element
-- ASN1START

RadioResourceConfigCommonSIB-NB-r13 ::=
SEQUENCE {


rach-ConfigCommon-r13




RACH-ConfigCommon-NB-r13,


bcch-Config-r13






BCCH-Config-NB-r13,


pcch-Config-r13






PCCH-Config-NB-r13,

nprach-Config-r13





NPRACH-ConfigSIB-NB-r13,


npdsch-ConfigCommon-r13




NPDSCH-ConfigCommon-NB-r13,


npusch-ConfigCommon-r13




NPUSCH-ConfigCommon-NB-r13,


dl-Gap-r13







DL-GapConfig-NB-r13


OPTIONAL,

-- Need OP


uplinkPowerControlCommon-r13


UplinkPowerControlCommon-NB-r13,


...,


[[
nprach-Config-v1330




NPRACH-ConfigSIB-NB-v1330
OPTIONAL

-- Need OR

]],


[[
nprach-Config-v1450




NPRACH-ConfigSIB-NB-v1450
OPTIONAL

-- Cond EnhPowerControl


]],


[[
nprach-Config-v1530




NPRACH-ConfigSIB-NB-v1530
OPTIONAL,
-- Need OR



dl-Gap-v1530





DL-GapConfig-NB-v1530

OPTIONAL,
-- Cond TDD



wus-Config-r15





WUS-Config-NB-r15


OPTIONAL
-- Need OR


]],


[[
nprach-Config-v1550




NPRACH-ConfigSIB-NB-v1550
OPTIONAL
-- Cond TDD1


]],


[[



gwus-Config-r16





GWUS-Config-NB-r16


OPTIONAL,
-- Need OR



nrs-NonAnchorConfig-r16



ENUMERATED {true}


OPTIONAL,
-- Need OR



ue-SpecificDRX-CycleMin-r16


ENUMERATED {rf32, rf64, rf128, rf256, rf512,
















rf1024}

OPTIONAL
-- Need OR


]]

}

BCCH-Config-NB-r13 ::=




SEQUENCE {


modificationPeriodCoeff-r13



ENUMERATED {n16, n32, n64, n128}

}

PCCH-Config-NB-r13 ::=




SEQUENCE {


defaultPagingCycle-r13




ENUMERATED {rf128, rf256, rf512, rf1024},


nB-r13








ENUMERATED {













fourT, twoT, oneT, halfT, quarterT, one8thT,













one16thT, one32ndT, one64thT,













one128thT, one256thT, one512thT, one1024thT,













spare3, spare2, spare1},


npdcch-NumRepetitionPaging-r13


ENUMERATED {













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













r256, r512, r1024, r2048,













spare4, spare3, spare2, spare1}

}

-- ASN1STOP




It can be seen that in the R14 UL non-anchor carrier configuration, nprach-ParametersList is required to include the same number of entries, and listed in the same order, as in nprach-ParametersList in SystemInformationBlockType2-NB. That means nprach-ParametersList should have the configuration framework for all the CELs and list in the same order as that for anchor carrier. However, as for each entry in nprach-ParametersList, e.g., for each NPRACH-Parameters-NB-r14, the content IE, e.g., nprach-Parameters-r14 is optional and nprach-Parameters-r14 is used to provide configuration for each CEL that means the content for each CEL can be separately configured and is allowed to be totally skipped. Therefore, the current spec allows for each UL non-anchor carrier, only configuration for part of CELs are provided, e.g., for a certain UL carrier, it allows to only provide configuration for CEL-0 and CEL-1, but no configuration for CEL-2. On the other hand, for CEL-0 and CEL-2, they can have different available UL carrier list. We understand this is a kind of CEL-based UL PRACH carrier configuration.
In a summary, it already supports that different UL carriers for random access can have different PRACH parameters, also these carriers can be configured for different enhanced coverage levels. According to the configuration, the UE in some certain CELs could select certain carriers for random access. The different configuration for different carriers can also help to fulfill different service requirements.

Proposal 1: RAN2 clarify and confirm that the current specification already supports providing CEL-based UL PRACH carrier configuration.
2.2.2 DL non-anchor carrier process
2.2.2.1 Configuration

Also based on the highlight green text in the above copied ASN.1, it can be seen that different from UL PRACH carrier configuration, the current specifications cannot support different DL non-anchor carriers for paging can have different paging-related parameters and also not support different DL non-anchor carriers for different CELs. 

As there has had much discussion during R14 about different configuration for different DL carriers or for different CELs, and also PRACH configuration can be as reference, RAN2 can firstly decide whether it needs to support CEL-based DL non-anchor carrier configuration. Then the details for supporting such configuration can be discussed later.

Proposal 2: It’s suggested to support CEL-based DL paging carrier configuration.
2.2.2.2 Report and update of UE’s CEL

After introducing CEL-based DL paging carrier process, it’s allowed network use a certain DL carrier list to paging a UE in a certain CEL. Then the most important thing is to keep consistent information between UE and eNB about whether CEL-based DL paging carrier process is used and which kind of carrier list would be used. Furthermore, it’s important to keep consistent information about UE’s CEL between UE and eNB.

According to the current spec, it’s already possible that the network can evaluate UE’s CEL based on the service quality in connected mode. But as that evaluation is mainly used to decide suitable DL repetition number, it doesn’t that matter whether this value is accurate enough. 

However, for this CEL-based DL non-anchor carrier selection, the network must know the exact UE’s CEL and then can apply same DL paging carrier list as that used by UE. Therefore, we suggest to require UE explicitly report its CEL.

Two possible alternatives for UE to report its CEL can be found in the Figure 1, e.g., the UE could report its CEL at the stage of connection release, e.g., via NAS layer signaling or via AS layer signaling:
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Proposal 3: It’s suggested to require UE explicitly report its CEL, e.g, during the stage of connection release.
After the UE enters into idle mode, if UE’s CEL changes, the UE would need to update its CEL to the network. The UE could make use of PUR or trigger EDT, if configured, to send the latest CEL. If none of these resources are configured, the UE could trigger a legacy connection. 

Considering that if UE’s CEL changes frequently, the above process would cause much signaling overhead and UE power consumption. Therefore, we have assumption that such CEL-based DL paging carrier process would mainly be used for the stationery UE or UE with low mobility. Then the case of CEL change would be rare. Another option for this issue may be that if UE’s CEL changes, the UE can disable the usage of CEL-based paging carrier selection, e.g., fallback to the legacy paging carrier selection. The UE also need to notify the network about disabling CEL-based paging carrier selection. 
The possible alternatives for handling the case of CEL change can be found in the Figure 2:
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Figure 2
Proposal 4: RAN2 discuss how to handle the case of CEL change after applying CEL-based DL paging carrier selection.
2.2.2.3 Paging carrier selection
As mentioned above, if CEL-based paging carrier configuration is provided, the network can use a certain DL carrier list to paging a UE in a certain CEL. The current paging carrier selection formula may also need to be update. The details of this issue can be discussed later, e.g., after the CEL-based DL paging carrier configuration and the carrier selection scheme have been determined.
2.2.2.4 Carriers for paging response

For CEL-based paging carrier selection, different carriers can be configured for different CELs. For a certain UE, it can choose a carrier among the carriers corresponding to its CEL for paging reception. However, there may have the case that DL and UL have different requirements or different channel condition. This needs to be further considered

For example, for some delay tolerant services, the paging may not need to be responded immediately. Then the network node can assign special UL resources, e.g., certain UL carrier(s) for the UE to send the paging response. On the other hand, for some delay sensitive services, the paging may need to be responded immediately, e.g., with higher priority. Then the network node can also assign special UL resources, e.g., certain UL carrier(s) for the UE to send the paging response. Such carriers can be configured with more resources or with higher scheduling priority, e.g., contention-free random access resources.

Proposal 5: RAN2 discuss whether there has requirement that UL carrier for paging response can be different from the paging carrier.
2.2.2.5 Carriers for RAR reception
After introducing CEL-based DL non-anchor carrier configuration, the setting of DL carrier for RAR reception in PRACH resources may be impacted. In current specification, only one DL carrier can be configured for UE to receive RAR, if many UEs are in the corresponding CEL and would use these UL carriers, it’s may be possible to occur block on the DL.
Similar as the discussion for paging carrier and paging response carrier in section 2.2.2.5, it’s suggested to also consider whether there has requirement on enhancements for setting of DL carrier for RAR reception when CEL-based UL/DL non-anchor carrier process are applied.
Proposal 6: RAN2 discuss whether there has requirement on enhancements for setting of DL carrier for RAR reception when CEL-based UL/DL non-anchor carrier process are applied.
2.2.2.6 Enable/Disable of CEL-based paging carrier process
Similar as that for apply CEL-based UL PRACH carrier configuration, after introducing CEL-based paging carrier process, the possibility of a certain DL carrier overload may also increase. But different from that for UL carrier, as UE and network should have consistent information about whether only a certain DL carrier list for certain CEL is used, per-cell disable indication for CEL-based paging carrier process is infeasible.

Therefore, a per-UE disable indication need to be introduced. Similar as that for UL carrier, after successfully receiving this indication, the UE and network would fall back from CEL-based DL carrier selection to legacy carrier selection. 

Proposal 7: RAN2 discuss whether and how to handle certain DL carrier overload issue caused by applying CEL-based paging carrier process.
2.3 Service-based multi carriers process
In order to support service-based carrier selection, it also requires UE and network node have same understanding on UE’s services.

Generally, a most typical service characteristic is stationary/mobility. In NB-IoT, there has had many discussion about WUS monitor for mobility UE. Whether a UE is a mobility UE can be decided on whether the current cell in which the base station send paging message is the UE’s last serving cell.

There has another kind of service-related information in NB-IoT, e.g., paging probability. The UE would negotiate this information with core network and monitor WUS group configured for the corresponding paging probability range. This paging probability information also needs to be included in paging message over the interface between base station and core network node and to be used by the base station to decide WUS group.

Moreover, in NB-IoT, as enhanced coverage feature would consume more system resources, it’s allowed that operator can restrict the use of coverage enhancements. Based on this, the UE can know that it’s an enhanced coverage restricted UE, e.g., based on subscription information. The enhanced coverage restricted indication can also be included in paging message over the interface between base station and core network node. This information is intended to be used by the base station to avoid useless DL channel repetitions for paging, e.g. the base station shall page the enhanced coverage restricted UE with normal coverage. Accordingly, for this kind of UE, less PDCCH repetitions need to be received.

The above kinds of service-related information can be acquired by the AS layer of the UE and therefore can be used for service-based carrier process enhancements.

Observation 1: RAN2 has discussed at least three kinds of service related information, e.g., these kinds of service-related information can be acquired by the AS layer of the UE and therefore can be used as baseline for service-based carrier process.
The straightforward way to support service-based carrier process would be allow some certain carriers to be configured for some certain services, some possible options may be as following:
· Some certain carriers (carrier_group_A) in a cell can be configured for mobility UE and/or stationary UE. For example, if a UE moves to a new_cell from old_cell, the UE can only use the carrier in carrier_group_A configured for mobility UE in the new_cell to perform random access or monitor paging. For network side, as the new_cell is not the last serving cell for the UE, the new_cell would also choose the carrier in carrier_group_A to paging this UE. 
· Some certain carriers (carrier_group_B) in a cell can be configured for enhanced coverage restricted UE. For example, the carrier in this carrier_group_B can be configured with less resources for UL/DL repetitions. If a UE is an enhanced coverage restricted UE, the UE can only choose the carrier in carrier_group_B to perform random access or monitor paging. With this scheme, under the same assumption for the amount of resources, more carriers for random access or paging may be able to be configured for enhanced coverage restricted UE. 
· Some certain carriers in a cell can be configured for different paging probability ranges. For example, the carriers (carrier_group_C) can be configured for lower paging probability range (e.g., from paging probability 0.1 to paging probability 0.3) and the carrier in this carrier_group_C can be configured with less PO resources. And the carriers (carrier_group_D) can be configured for higher paging probability range (e.g., from paging probability 0.7 to paging probability 0.9). If the paging probability of a UE is in lower paging probability range, e.g., 0.2, the UE can only choose the carrier in carrier_group_C to monitor paging. If the paging probability of a UE is in higher paging probability range, e.g., 0.7, the UE can only choose the carrier in carrier_group_D to monitor paging. 

Proposal 8: RAN2 discuss whether and how to allow some certain carriers to be configured for some certain services.
3 Conclusions

In this contribution, we make the following observations and proposal:

Observation 1: RAN2 has discussed at least three kinds of service related information, e.g., these kinds of service-related information can be acquired by the AS layer of the UE and therefore can be used as baseline for service-based carrier process.
Proposal 1: RAN2 clarify and confirm that the current specification already supports providing CEL-based UL PRACH carrier configuration.
Proposal 2: It’s suggested to support CEL-based DL paging carrier configuration.
Proposal 3: It’s suggested to require UE explicitly report its CEL, e.g, during the stage of connection release.
Proposal 4: RAN2 discuss how to handle the case of CEL change after applying CEL-based DL paging carrier selection.
Proposal 5: RAN2 discuss whether there has requirement that UL carrier for paging response can be different from the paging carrier.
Proposal 6: RAN2 discuss whether there has requirement on enhancements for setting of DL carrier for RAR reception when CEL-based UL/DL non-anchor carrier process are applied.
Proposal 7: RAN2 discuss whether and how to handle certain DL carrier overload issue caused by applying CEL-based paging carrier process.
Proposal 8: RAN2 discuss whether and how to allow some certain carriers to be configured for some certain services.
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