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Introduction

At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to specify presence of NRS on a non-anchor carrier for paging even when no paging NPDCCH is transmitted.
	Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2, RAN4]
· Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 




RAN1 has specified presence of NRS on non-anchor paging carrier for paging early termination for FDD and capture the feature in TS 36.211 section 10.2.6 [4].  
RAN1 has agreed that presence of NRS on non-anchor paging carrier is enabled at cell level by a new parameter ‘nrs-NonAnchor-config’ [3].
RAN1 has assumed that the POs associated with NRS presence will be specified by RAN2 in TS 36.304 [2].

In this document we discuss the impact on RAN2 specifications (TS 36.331 and TS 36.304).
Discussion
Introduction of NRS presence on non–anchor carrier in TS 36.331
RAN1 has agreed that presence of NRS on non-anchor paging carrier is enabled at cell level by a new parameter ‘nrs-NonAnchor-config’ [3]:
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Default value aspect (see note)
	UE-specific or Cell-specific
	TDD/FDD
	Specification

	nrs-NonAnchor-config
	New
	If enabled, NRS are present on non-anchor carriers even when no paging NPDCCH is transmitted.
	enabled
	disabled
	Cell specific
	FDD
	36.331



RAN1#96bis:

	[bookmark: _Hlk5805297]Agreement
The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based at least on nB-r13/nB
· FFS: defaultPagingCycle-r13/T
· Note: The paging frame and the number of UE groups can be derived from T and nB




RAN1#97:

	Agreement
With regards to the RAN1#96bis agreement:
· If nB >= X, specify the decimation pattern/M/N for each nB.
· FFS if the value of M/N is different for different POs within a DRX cycle
· For nB < X, all POs have NRS. FFS value of M/N.
It is agreed that the value of X is T/2.



As the parameter is cell specific and used by UEs in RRC_IDLE, the obvious way is to signal the parameter in system information.
In addition, as the parameter signals the presence of NRS on non-anchor paging carrier and that the subset of subframes with NRS are determined based on nB and defaultPagingCycle, it seems natural to signal the parameter in systemInformationBlockType2-NB. 
Proposal 1: The parameter nrs-NonAnchorConfig is signalled in systemInformationBlockType2-NB.
Proposal 2: Adopt the Text Proposal in section 5.1 for TS 36.331
Introduction of NRS presence on non–anchor carrier in TS 36.304
RAN1 has assumed that the POs associated with NRS presence will be specified by RAN2 in TS 36.304 [2]. 
The related agreements are replicated below:
RAN1#97:
	Agreement
With regards to the RAN1#96bis agreement:
· If nB >= X, specify the decimation pattern/M/N for each nB.
· FFS if the value of M/N is different for different POs within a DRX cycle
· For nB < X, all POs have NRS. FFS value of M/N.
It is agreed that the value of X is T/2.



RAN1#99:
	Agreement
The following existing agreement is revised in red
R = (PO_Index+ offset) mod 2, where:
· PO_Index = (SFN  / T * nB + i_s) mod nB.
· The offset depends at least on X = SFN + 1024 * H-SFN.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2, where T is cell-specific DRX cycle.
Where SFN is the SFN corresponding to the PO.



Proposal 3: Introduce a new subclause in TS 36.304 clause 7 Paging to specify the POs associated with NRS.
Proposal 4: Adopt the Text Proposal in section 5.2 for TS 36.304.

Conclusion
In this document, we have discussed the introduction of NRS presence on non-anchor carrier in RAN2 specifications and made the following proposals:
Proposal 1: The parameter nrs-NonAnchorConfig is signalled in systemInformationBlockType2-NB.
Proposal 2: Adopt the Text Proposal in section 5.1 for TS 36.331
Proposal 3: Introduce a new subclause in TS 36.304 clause 7 Paging to specify the POs associated with NRS.
Proposal 4: Adopt the Text Proposal in section 5.2 for TS 36.304.
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Text proposals
The text proposals in sections 5.1 and 5.2. are based on the corresponding NB-IoT running CRs in [5] and [6].
Text proposal for TS 36.331
–	RadioResourceConfigCommonSIB-NB
The IE RadioResourceConfigCommonSIB-NB is used to specify common radio resource configurations in the system information, e.g., the random access parameters and the static physical layer parameters.
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
	]],
	[[	nrs-NonAnchorConfig-r16				ENUMERATED {true}			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

	RadioResourceConfigCommonSIB-NB field descriptions

	defaultPagingCycle
Default paging cycle, used to derive 'T' in TS 36.304 [4]. Value rf128 corresponds to 128 radio frames, rf256 corresponds to 256 radio frames and so on.

	dl-Gap
Downlink transmission gap configuration for the anchor carrier. See TS 36.211 [21], clause 10.2.3.4. If the field is absent, there is no gap.

	modificationPeriodCoeff
Actual modification period, expressed in number of radio frames= modificationPeriodCoeff * defaultPagingCycle. n16 corresponds to value 16, n32 corresponds to value 32, and so on. The BCCH modification period should be larger or equal to 40.96s.

	nB
Parameter: nB is used as one of parameters to derive the Paging Frame and Paging Occasion according to TS 36.304 [4]. Value in multiples of 'T' as defined in TS 36.304 [4]. A value of fourT corresponds to 4 * T, a value of twoT corresponds to 2 * T and so on.

	npdcch-NumRepetitionPaging
Maximum number of repetitions for NPDCCH common search space (CSS) for paging, see TS 36.213 [23], clause 16.6.

	nrs-NonAnchorConfig
For FDD: This field indicates if NRS are present on non-anchor paging carriers even when no paging NPDCCH is transmitted, see TS 36.211 [21], clause 10.2.6.

	wus-Config
For FDD: WUS Configuration.



	Conditional presence
	Explanation

	EnhPowerControl
	This field is optional present, Need OR, if PowerRampingParameters-NB-v1450 is included in SIB2-NB. Otherwise the field is not present.

	TDD
	The field is optionally present, Need OR, for TDD; otherwise the field is not present and the UE shall delete any existing value for this field.

	TDD1
	The field is mandatory present for TDD; otherwise the field is not present and the UE shall delete any existing value for this field.





Text proposal for TS 36.304
7.x	NRS presence on non-anchor paging carrier in NB-IoT
For FDD, when nrs-NonAnchorConfig is signalled in system information, the POs associated with NRS are determined using the DRX parameters broadcast in systeminformationBlockType2-NB:
-	T is the value of defaultPagingCycle broadcast in system information.
-	nB is the value of nB broadcast in system information: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, and T/1024.
The POs are determined by:
 -	Paging Frame (PF) given by: SFN mod T= (T div N) * k
where:
-	N: min(T, nB)
-	k: 0, 1, .., N-1
-	Index i_s pointing to PO from subframe pattern defined in 7.2.
where Ns: max(1,nB/T)
The POs associated with NRS are determined as follows:
-	if nB is equal to 4T, 2T, T or T/2:
POs for which R = 1 have associated NRS
where:
R = (PO_Index+ offset) mod 2
where:
-	PO_Index = (SFN/ T * nB + i_s) mod nB
-	Offset = (FLOOR ((SFN + 1024*H-SFN) / T)) mod 2
-	SFN is the SFN corresponding to the PO
-	H-SFN is the H-SFN corresponding to the PO
-	i_s is the index i_s corresponding to the PO
-	else:
all POs have associated with NRS.
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