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Discussion and decision
1 Introduction
During RAN2#114-e, further progress was made on the following Release 17 WI objective [1] and a number of agreements were reached [2]:
•
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.). [NB-IoT] [RAN2, RAN3]
This document is to progress the work on the broadcast signalling aspects based on the following agreements:

	RAN2#114-e agreements:
· Rel-17 paging carriers and the legacy paging carriers should be exclusive.

· Rel-17 paging carrier configuration is provided in broadcast signalling.

RAN2#115-e agreements:
· Support coverage or carrier specific DRX configurations, FFS details.

· UE capability for Rel-17 paging carrier selection should be introduced
· UE metric for determining carrier suitability and selection is based on NRSRP.

· Use a hysteresis/longer averaging/timer for UE metric based on NRSRP.

· FFS whether to introduce new UE report and/or whether to mandate support of existing Msg5 reporting.



This signalling proposal also includes the proposals with strong support from the email discussion [5]:

Proposal 2: UE can be enabled/disabled coverage-based paging carrier selection via dedicated signalling. Presence or absence of the coverage information can be implicit enable/disable indication.

Proposal 3: In SIB, one or more R17 paging carriers can be configured with a same Rmax (npdcch-NumRepetitionPaging) parameter, which means these paging carriers are corresponding to a same coverage level.

Proposal 4: In SIB, at most 2 coverage levels can be configured in R17 paging carrier list.

Proposal 5: In SIB, the value range for Ramx (npdcch-NumRepetitionPaging) in R17 paging carrier (list) configuration can be ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128}.

Proposal 6: In SIB, coverage specific nB is supported, e.g., a common nB value is configured for the R17 paging carrier(s) with same Rmax (npdcch-NumRepetitionPaging).

Proposal 8: In SIB, coverage specific ue-SpecificDRX-CycleMin is supported, e.g., a common ue-SpecificDRX-CycleMin value is configured for the R17 paging carrier(s) with same Rmax (npdcch-NumRepetitionPaging).

Proposal 9: Paging weight can still be used in coverage-based paging carrier selection.
Proposal 10: In SIB, both non-mixed operation mode and mixed operation mode can be supported in R17 paging carrier list configuration. They can be configured separately (as legacy).

Proposal 11: The extension in SIB22-NB can be used for providing R17 paging carrier list configuration.

Proposal 13: In SIB, coverage specific NRSRP threshold is supported, e.g., a common NRSRP threshold value is configured for the R17 paging carrier(s) with same Rmax (npdcch-NumRepetitionPaging).
Note: Proposal 8 seems to contradict Proposal 7 in [5].

2 Discussion
There are two main aspects for RAN2 to discuss and agree in order for stage 3 work to proceed:

1. Parameter list and value range for coverage-based paging carrier configuration.

2. High level signalling approach for coverage-based paging carrier configuration.
2.1 Parameter list
Based on the outcome of the email discussion [5], the parameters needed for coverage specific paging carrier are shown in Table 1.

Table 1 View on parameters for coverage-based paging carrier
	Parameter
	Present
	Scope*
	Reason

	DL-CarrierConfigCommon-NB-r14
	Mandatory (14)
	Coverage
	List of 1 or more carriers.

	nB
	Optional (R13)
	Coverage
	We think this goes with presence of paging carrier specific DRX cycle.

	Npdcch-NumRepetitionPaging
	Mandatory (R13/14)
	Coverage
	The whole intention of this feature is to be able to configure a lower Rmax and for legacy paging carriers.

Value range: ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128} 

	pagingWeight
	Optional (R14)
	Carrier
	If present, it is used for selection of one paging carrier from the set of paging carriers with the same Rmax.

	Carrier specific Coverage Level 
	Mandatory (new)
	Coverage
	This is needed as paging carrier selection is done based on NRSRP.  
Should the signalling allow for the full NRSRP range as specified in R13?

	ue-SpecificDRX-CycleMin
	Optional (R16)
	Coverage
	Reasonable to consider limiting this to fewer values than supported in R16 i.e., this value can not be larger than cell specific DRX cycle.

	* Indicates whether the parameter is configured per carrier or applicable to all carriers configured for a coverage level.


2.2 Signalling optimisation
If coverage-specific DRX is configured then it makes sense to only configure a smaller value than the default DRX cycle in the cell. Considering this it is reasonable to restricts the coverage-specific DRX cycle to be one of the four smallest values supported in the current specification and save 1-bit for each coverage-specific DRX configured.

Proposal 1: For coverage-based paging carrier configuration limit the ue-SpecificDRX-CycleMin to {rf32, rf64, rf128, rf256}.
The NRSRP-Range used to configure NPRACH levels has a range from -140 dBm to -44 dBm with 1 dB resolution (see TS 36.133 [7], Table 9.1.4-1 and RSRP-ThresholdsNPRACH-InfoList-NB-r13 in TS 36.331 [8]). With but coverage level set to as low as -140 dBm typically would require many more than 128 repetitions. Although NB-IoT was designed to support coverage level as low as -164dB but according to the current specification the boundary between the worst coverage level and the next best coverage level cannot be lower than -140 dBm. 
Observation 1: The NPRACH resource boundary cannot be less than -140dBm.
Author understands
 that in theory 128 repetitions provide gain of ~21dB but in practice the actual gain with 128 repetitions likely to be much less than 21dB. Therefore, for coverage-based paging carriers, if RAN2 agrees to restrict Rmax to no higher than 128 then author considers the lowest NRSRP associated with the coverage-based paging carrier cannot lower than -140dBm. While the highest value of NRSRP of -44dBm can be configured but in practice this is a very strong signal and it is very unlikely that the NRSRP associated with the coverage based paging carrier should be as low as -4dBm. For NRSRP up to about ~80dB, there would be very few repetitions required (this is what would be considered a strong normal coverage). Therefore, it makes sense to re-consider the associated RSRP range for coverage-based paging carriers to minimize the number of bits needed to signal this information. Another way to optimize signalling is to use granularity higher than 1dB because such a granularity, while useful for reporting purposes, is not very useful for defining paging carrier coverage level boundary. Therefore, combining the two optimisations, 5-bits to represent NRSRP range from -140 to -78dBm with granularity of 2dB would 2-bits for each coverage-based paging carrier boundary.

Proposal 2: For coverage-based paging carrier, use coarser granularity for the corresponding NRSRP e.g., 2 dBm range.

Proposal 3: For coverage-based paging carrier, use shorter range of RSRP e.g., ~ -140dBm to ~ -78dBm range. 
2.3 Signalling structure

There are two approaches to signal coverage based paging carriers and the associated information.

1. Use legacy approach by adding extensions to DL-ConfigCommon-NB-r14 and PCCH-Config-NB-r14 in SIB22-NB [6]. This approach automatically caters for both mixed mode and non-mixed mode.

2. Introduce new lists of DL-ConfigCommon-NB-r17, one for mixed mode and one for non-mixed mode [4].
It is important to understand differences between legacy paging carrier list and coverage-based paging carrier list:

· with legacy downlink carrier lists, dl-ConfigList-NB-r14 (and dl-ConfigListMixed-r15 for mixed mode) is combined with anchor carrier to construct a single list for selection of a paging carrier but with coverage-based paging carrier selection, the list of downlink carriers for paging is an exclusive list.
· total paging weight W would only involve the carriers in the R17 list

· each of the two ‘coverage levels’ have an exclusive R17 list of paging carriers/configurations.

· UE would be required to select two carriers:

· one from the pre-R17 list of carriers using the pre-R17 rules.

· one from one of the two R17 carrier lists.

· More signalling optimisation can be possible with a new list e.g., one value of Rmax and one value for RSRP for all carriers for the same coverage-level.
· New list can be added to SIB22-NB or added in a new SIB.
2.3.1 Signalling approach 1

The signalling for coverage-based paging carrier configuration with approach 1 is shown in Table 2, is based on the current agreements [2] and what appears to be consensus [5].

Table 2 Coverage-based paging carrier signalling using approach 1
-- 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-r17




PCCH-Config-NB-r17

OPTIONAL -- Cond pcch-Config-r14


]]

}

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,


...

}

PCCH-Config-NB-r17 ::= SEQUENCE {


ue-SpecificDRX-CycleMin-r17 ENUMERATED {rf32, rf64, rf128, rf256}
OPTIONAL, -- Need OP

npdcch-NumRepetitionPaging-r17
ENUMERATED {










r1, r2, r4, r8, r16, r32, r64, r128} OPTIONAL, -- Need OP


pagingWeight-r17
PagingWeight-NB-r14
DEFAULT w1,


nB-r17
ENUMERATED {fourT, twoT, oneT, halfT, quarterT, one8thT, one16thT, one32ndT, 








one64thT, one128thT, one256thT, one512thT, one1024thT, spare3,






spare2, spare1}
OPTIONAL,
-- Need OR

carrierSpecificCoverageLevel-r17 RSRP-Range,


...

}

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
2.3.2 Signalling approach 2
The signalling for coverage-based paging carrier configuration with approach 2 is shown in Table 3. It is assumed this signalling is added to SIB22-NB but principle is the same for including this signalling in any other SIB.
Table 3 Coverage-based paging carrier signalling using approach 2
-- 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-ConfigListWithCoverage-r17
DL-ConfigCommonListWithCoverage-NB-r17 OPTIONAL, -- Need OR

dl-ConfigListMixedWithCoverage-r17
DL-ConfigCommonListWithCoverage-NB-r17 OPTIONAL -- Need OR

]]

}
--- other existing unchanged IEs omitted ----
DL-ConfigCommonListWithCoverage-NB-r17 ::= SEQUENCE (SIZE (1.. maxNumCoverageLevelGroups-NB-r17)) OF DL-ConfigCommonWithCoverage-NB-r17
--- other existing unchanged IEs omitted ----
DL-ConfigCommonWithCoverage-NB-r17 ::= SEQUENCE { 

dl-CarrierCommonList-r17 DL-CarrierCommonList-NB-r17, 
pcch-Config-r17 PCCH-Config-NB-r17,
pagingWeightAnchor-r17 PagingWeight-NB-r14 DEFAULT w1, 

...

}
PCCH-Config-NB-r17 ::= SEQUENCE { 

ue-SpecificDRX-CycleMin-r17 ENUMERATED {rf32, rf64, rf128, rf256}
OPTIONAL, -- Need OP
nB-r17 ENUMERATED {fourT, twoT, oneT, halfT, quarterT, one8thT, one16thT, one32ndT, 








one64thT, one128thT, one256thT, one512thT, one1024thT, spare3,








spare2, spare1} OPTIONAL, -- Need OP
npdcch-NumRepetitionPaging-r17 ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128},


carrierSpecificCoverageLevel-r17 RSRP-Range,


...

}

DL-CarrierCommonList-NB-r17 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF DL-ConfigCommon-NB-r17
DL-ConfigCommon-NB-r17 ::= SEQUENCE {
dl-CarrierConfig-r17 DL-CarrierConfigCommon-NB-r14, 
wus-Config-r17
WUS-ConfigPerCarrier-NB-r15 OPTIONAL, -- Cond WUS
gwus-Config-r17
WUS-ConfigPerCarrier-NB-r15 OPTIONAL -- Cond GWUS
}

maxNumCoverageLevelGroups-NB-r17 INTEGER ::= 2 -- Maximum number of coverage levels for coverage specific carriers 
While technically both signalling approaches work, there are some advantages to using approach 2:

1. Easy to provide this information in a separate SIB.

2. Signalling can be optimized.

3. Conceptually two separate lists make it easier for the reader to understand and relate to the UE capability for coverage-based paging carrier.

4. Likely to be easier to document description of coverage-based paging carrier IEs.  

Observation 2: Signalling approach 2 has advantages over approach 1, namely signalling can be optimised and conceptually easier to understand.

Proposal 4: RAN2 consider introducing new DL-ConfigCommonList for coverage-based paging carrier configuration.
Summary

This document considers scope of the of parameters for coverage-based paging carrier and whether parameter can be further optimises. This document considers the previous agreements and demonstrates the two signalling alternatives to implement the agreements.
Observation 1:
The NPRACH resource boundary cannot be less than -140dBm.
Observation 2:
Signalling approach 2 has advantages over approach 1, namely signalling can be optimised and conceptually easier to understand.


Proposal 1:
For coverage-based paging carrier configuration limit the ue-SpecificDRX-CycleMin to {rf32, rf64, rf128, rf256}.
Proposal 2:
For coverage-based paging carrier, use coarser granularity for the corresponding NRSRP e.g., 2 dBm range.
Proposal 3:
For coverage-based paging carrier, use shorter range of RSRP e.g., ~ -140dBm to ~ -78dBm range.
Proposal 4:
RAN2 consider introducing new DL-ConfigCommonList for coverage-based paging carrier configuration.
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� Gain (dB) = 10Log10(No. of repetitions)
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