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1	Introduction
The main objective with mobility enhancements in the LTE-MTC Rel-16 WID [1] is to specify how to configure and use RSS for RSRP and RSRQ measurements:
Mobility Enhancement:
· Consider improving the DL RSRP and, if needed, RSRQ measurement accuracy, through use of RSS [RAN1, RAN4, RAN2]
· Specify relaxation of RRM measurements for serving cell for UEs using WUS for at least low mobility UEs [RAN4, RAN2]
RAN2#104 agreed on sending RAN1 an LS regarding potential effects on performance caused by the overhead added by neighboring cell RSS information. RAN1 should identify if by any means the signalling can be reduced. In this paper, we discuss the current RAN1 thinking and how signaling can be achieved from RAN2 perspective.

[bookmark: _Ref178064866]2	Discussion
The IE RSS-Config is used to specify the RSS configuration, see TS 36.211 [21].
RSS-Config information element
-- ASN1START

RSS-Config-r15 ::=				SEQUENCE {
	duration-r15					ENUMERATED {sf8, sf16, sf32, sf40},
	freqLocation-r15				INTEGER (0..98),
	periodicity-r15					ENUMERATED {ms160, ms320, ms640, ms1280},
	powerBoost-r15					ENUMERATED {dB0, dB3, dB4dot8, dB6},
	timeOffset-r15					INTEGER (0..31)
}

-- ASN1STOP

To signal all the above parameters with full resolution also in neighboring cells, requires up to 18 bits for each neighboring cell that is signaled. Further the neighbor cellId should also be considered. Typically, up to 8 neighbor’s cell information could be sent to the UE in idle mode. This results in a total of 216 bits, which clearly adds substantial network overhead, and thereby may also result in increased UE power consumption. It is worth noting that all parameters except two requires only 2 bits, which limits the possibility for significant reduction (per parameter). Hence, the focus should be on the parameters with more bits, namely time offset and frequency position.
[bookmark: _Toc21008912]Frequency Location and Time offset consume the most bits and thus focus should be on these as how the bits can be reduced. 
2.1	Frequency location and Time Offset
As these two fields are the most expensive; RAN1 is considering defining these parameters as a function of cell ID. Thus, the UE will be able to derive the parameters without the eNB having to explicitly signal these parameters. 
For example; Time offset = abs(mod(PCI, 32) ) when periodicity is 320ms or Time offset = abs(mod(PCI, 16) ) for periodicity 160ms.
Thus, considering an example, for PCIs 100, 101, 102, 103; assuming periodicity of 320ms; the obtained time offset values would be 4, 5, 6, and 7, respectively.
[bookmark: _Toc21008913]If Frequency Location and Time offset are derived from cell ID, no new signaling would be required. 
2.2	Duration, Power boost and Periodicity
RAN1 is considering that these parameters can be based upon carrier specific configuration rather than cell specific. Thus, this will further enable to save the bits. An ASN.1 update to capture this in the RRC specification has been provided below.
[bookmark: _Toc4489072][bookmark: _Toc4490571][bookmark: _Toc19449271][bookmark: _Toc21008909]RAN2 to agree on the ASN.1 update provided in the Section 3.1.



[bookmark: _Ref189046994]3	Text Proposal
3.1	 Duration, Power boost and Periodicity
SystemInformationBlockType3
The IE SystemInformationBlockType3 contains cell re-selection information common for intra-frequency, inter-frequency and/ or inter-RAT cell re-selection (i.e. applicable for more than one type of cell re-selection but not necessarily all) as well as intra-frequency cell re-selection information other than neighbouring cell related.
SystemInformationBlockType3 information element
-- ASN1START

SystemInformationBlockType3 ::=		SEQUENCE {
	cellReselectionInfoCommon			SEQUENCE {
		q-Hyst								ENUMERATED {
												dB0, dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10,
												dB12, dB14, dB16, dB18, dB20, dB22, dB24},
		speedStateReselectionPars			SEQUENCE {
			mobilityStateParameters				MobilityStateParameters,
			q-HystSF						SEQUENCE {
				sf-Medium						ENUMERATED {
														dB-6, dB-4, dB-2, dB0},
				sf-High							ENUMERATED {
														dB-6, dB-4, dB-2, dB0}
			}
		}																OPTIONAL		-- Need OP
	},
	cellReselectionServingFreqInfo		SEQUENCE {
		s-NonIntraSearch					ReselectionThreshold		OPTIONAL,		-- Need OP
		threshServingLow					ReselectionThreshold,
		cellReselectionPriority				CellReselectionPriority
	},
	intraFreqCellReselectionInfo		SEQUENCE {
		q-RxLevMin							Q-RxLevMin,
		p-Max								P-Max						OPTIONAL,		-- Need OP
		s-IntraSearch						ReselectionThreshold		OPTIONAL,		-- Need OP
[bookmark: OLE_LINK48][bookmark: OLE_LINK42]		allowedMeasBandwidth				AllowedMeasBandwidth		OPTIONAL,		-- Need OP
		presenceAntennaPort1				PresenceAntennaPort1,
		neighCellConfig						NeighCellConfig,
		t-ReselectionEUTRA					T-Reselection,
		t-ReselectionEUTRA-SF				SpeedStateScaleFactors		OPTIONAL		-- Need OP
	},
	...,
	lateNonCriticalExtension				OCTET STRING (CONTAINING SystemInformationBlockType3-v10j0-IEs)	OPTIONAL,
	[[	s-IntraSearch-v920					SEQUENCE {
			s-IntraSearchP-r9					ReselectionThreshold,
			s-IntraSearchQ-r9					ReselectionThresholdQ-r9
		}																OPTIONAL,		-- Need OP
		s-NonIntraSearch-v920				SEQUENCE {
			s-NonIntraSearchP-r9				ReselectionThreshold,
			s-NonIntraSearchQ-r9				ReselectionThresholdQ-r9
		}																OPTIONAL,		-- Need OP
		q-QualMin-r9						Q-QualMin-r9				OPTIONAL,		-- Need OP
		threshServingLowQ-r9				ReselectionThresholdQ-r9	OPTIONAL		-- Need OP
	]],
	[[	q-QualMinWB-r11						Q-QualMin-r9				OPTIONAL	-- Cond WB-RSRQ
	]],
	[[	q-QualMinRSRQ-OnAllSymbols-r12			Q-QualMin-r9				OPTIONAL			-- Cond RSRQ
	]],
	[[	cellReselectionServingFreqInfo-v1310 CellReselectionServingFreqInfo-v1310	OPTIONAL,		-- Need OP
		redistributionServingInfo-r13			RedistributionServingInfo-r13 OPTIONAL,	--Need OR
		cellSelectionInfoCE-r13					CellSelectionInfoCE-r13		OPTIONAL,		-- Need OP
		t-ReselectionEUTRA-CE-r13				T-ReselectionEUTRA-CE-r13	OPTIONAL		-- Need OP
	]],
	[[	cellSelectionInfoCE1-r13				CellSelectionInfoCE1-r13	OPTIONAL	-- Need OP
	]],
	[[	cellSelectionInfoCE1-v1360			CellSelectionInfoCE1-v1360	OPTIONAL		-- Cond QrxlevminCE1
	]],
	[[	cellReselectionInfoCommon-v1460		CellReselectionInfoCommon-v1460	OPTIONAL	-- Need OR
	]],
	[[	cellReselectionInfoHSDN-r15			CellReselectionInfoHSDN-r15	OPTIONAL,		-- Need OR
		cellSelectionInfoCE-v1530 			CellSelectionInfoCE-v1530		OPTIONAL,		-- Need OP
		crs-IntfMitigNeighCellsCE-r15		ENUMERATED {enabled}		OPTIONAL		-- Need OP
	]]
}

RedistributionServingInfo-r13 ::=		SEQUENCE {
	redistributionFactorServing-r13		INTEGER(0..10),
	redistributionFactorCell-r13		ENUMERATED{true}				OPTIONAL,	--Need OP
	t360-r13							ENUMERATED {min4, min8, min16, min32,infinity,
											spare3,spare2,spare1},
	redistrOnPagingOnly-r13				ENUMERATED {true}		OPTIONAL	--Need OP
}

CellReselectionServingFreqInfo-v1310 ::=	SEQUENCE {
	cellReselectionSubPriority-r13				CellReselectionSubPriority-r13
}

-- Late non critical extensions
SystemInformationBlockType3-v10j0-IEs ::= SEQUENCE {
	freqBandInfo-r10					NS-PmaxList-r10				OPTIONAL,	-- Need OR
	multiBandInfoList-v10j0				MultiBandInfoList-v10j0		OPTIONAL,	-- Need OR
	nonCriticalExtension				SystemInformationBlockType3-v10l0-IEs					OPTIONAL
}

SystemInformationBlockType3-v10l0-IEs ::= SEQUENCE {
	freqBandInfo-v10l0					NS-PmaxList-v10l0			OPTIONAL,	-- Need OR
	multiBandInfoList-v10l0				MultiBandInfoList-v10l0		OPTIONAL,	-- Need OR
	nonCriticalExtension				SystemInformationBlockType3-v16xy-IEs SEQUENCE {}					OPTIONAL
}

SystemInformationBlockType3-v16xy-IEs ::= SEQUENCE {
	rss-ConfigCarrierList-r16				RSS-ConfigCarrierList-r16	OPTIONAL, 	-- Need OR	nonCriticalExtension					SEQUENCE {}						OPTIONAL
}

RSS-ConfigCarrierList-r16 ::=		SEQUENCE (SIZE (1..maxFreq)) OF RSS-ConfigCarrier-r16

RSS-ConfigCarrier-r16::=	SEQUENCE
{
	dl-CarrierFreq-r16				ARFCN-ValueEUTRA,
	periodicity-r16					ENUMERATED {ms160, ms320, ms640, ms1280},
	powerBoost-r16					ENUMERATED {dB0, dB3, dB4dot8, dB6},
	duration-r16					ENUMERATED {sf8, sf16, sf32, sf40}
}

CellReselectionInfoCommon-v1460 ::=	SEQUENCE {
	s-SearchDeltaP-r14					ENUMERATED {dB6, dB9, dB12, dB15}
}

CellReselectionInfoHSDN-r15 ::= SEQUENCE {
	cellEquivalentSize-r15				INTEGER(2..16)
}

-- ASN1STOP

	SystemInformationBlockType3 field descriptions

	allowedMeasBandwidth
If absent, the value corresponding to the downlink bandwidth indicated by the dl-Bandwidth included in MasterInformationBlock applies.

	cellEquivalentSize
The number of cell count used for mobility state estimation for this cell as specified in TS 36.304 [4]. 

	cellSelectionInfoCE
Parameters included in coverage enhancement S criteria for BL UEs and UEs in CE, applicable for intra-frequency neighbour cells. If absent, coverage enhancement S criteria is not applicable.

	cellSelectionInfoCE1
Parameters included in coverage enhancement S criteria for BL UEs and UEs in CE supporting CE Mode B, applicable for intra-frequency neighbour cells. E-UTRAN includes this IE only if cellSelectionInfoCE in SIB3 is present.

	cellReselectionInfoCommon
Cell re-selection information common for cells.

	cellReselectionServingFreqInfo
Information common for Cell re-selection to inter-frequency and inter-RAT cells.

	crs-IntfMitigNeighCellsCE
For BL UEs or UEs in CE supporting ce-CRS-IntfMitig, this field indicates CRS interference mitigation, as specified in TS 36.133 [16], subclause 3.6.1.2 and 3.6.1.3, is enabled in any of the intra-frequency neibhour cells, and the UE shall perform intra-frequency neighbour cell RRM measurements in the center 6 PRBs.

	freqBandInfo
A list of additionalPmax and additionalSpectrumEmission values, as defined in TS 36.101 [42], table 6.2.4-1, for UEs neither in CE nor BL UEs and TS 36.101 [42], table 6.2.4E-1, for UEs in CE or BL UEs, applicable for the intra-frequency neighouring E-UTRA cells if the UE selects the frequency band from freqBandIndicator in SystemInformationBlockType1. If E-UTRAN includes freqBandInfo-v10l0 it includes the same number of entries, and listed in the same order, as in freqBandInfo-r10.

	intraFreqcellReselectionInfo
Cell re-selection information common for intra-frequency cells.

	multiBandInfoList-v10j0
A list of additionalPmax and additionalSpectrumEmission values, as defined in TS 36.101 [42], table 6.2.4-1, for UEs neither in CE nor BL UEs and TS 36.101 [42], table 6.2.4E-1, for UEs in CE or BL UEs, applicable for the intra-frequency neighouring E-UTRA cells if the UE selects the frequency bands in multiBandInfoList (i.e. without suffix) or multiBandInfoList-v9e0. If E-UTRAN includes multiBandInfoList-v10j0, it includes the same number of entries, and listed in the same order, as in multiBandInfoList (i.e. without suffix). If E-UTRAN includes multiBandInfoList-v10l0 it includes the same number of entries, and listed in the same order, as in multiBandInfoList-v10j0.

	p-Max
Value applicable for the intra-frequency neighbouring E-UTRA cells. If absent the UE applies the maximum power according to its capability as specified in TS 36.101 [42], clause 6.2.2.

	Periodicity
Periodicity of RSS used for measurements. Carrier based configuration. Value ms160 corresponds to 160 ms, value ms320 corresponds to 320 ms and so on.

	powerBoost
Power offset of RSS relative to CRS in dB. Carrier based configuration. Value dB0 corresponds to 0 dB, value dB3 corresponds to 3 dB, value dB4dot8 corresponds to 4.8 dB and so on.

	redistrOnPagingOnly
If this field is present and the UE is redistribution capable, the UE shall only wait for the paging message to trigger E-UTRAN inter-frequency redistribution procedure as specified in clause 5.2.4.10 of TS 36.304 [4].

	q-Hyst
Parameter Qhyst in TS 36.304 [4], Value in dB. Value dB1 corresponds to 1 dB, dB2 corresponds to 2 dB and so on.

	q-HystSF
Parameter "Speed dependent ScalingFactor for Qhyst" in TS 36.304 [4]. The sf-Medium and sf-High concern the additional hysteresis to be applied, in Medium and High Mobility state respectively, to Qhyst as defined in TS 36.304 [4]. In dB. Value dB-6 corresponds to -6dB, dB-4 corresponds to -4dB and so on.

	q-QualMin
Parameter "Qqualmin" in TS 36.304 [4], applicable for intra-frequency neighbour cells. If the field is not present, the UE applies the (default) value of negative infinity for Qqualmin. NOTE 1.

	q-QualMinRSRQ-OnAllSymbols
If this field is present and supported by the UE, the UE shall, when performing RSRQ measurements, perform RSRQ measurement on all OFDM symbols in accordance with TS 36.214 [48]. NOTE 1.

	q-QualMinWB
If this field is present and supported by the UE, the UE shall, when performing RSRQ measurements, use a wider bandwidth in accordance with TS 36.133 [16]. NOTE 1.

	q-RxLevMin
Parameter "Qrxlevmin" in TS 36.304 [4], applicable for intra-frequency neighbour cells.

	redistributionFactorCell
If redistributionFactorCell is present, redistributionFactorServing is only applicable for the serving cell otherwise it is applicable for serving frequency

	redistributionFactorServing
Parameter redistributionFactorServing in TS 36.304 [4].

	rss-ConfigCarrierList
A list of carriers configured for RSS-based measurements.


	s-IntraSearch
Parameter "SIntraSearchP" in TS 36.304 [4]. If the field s-IntraSearchP is present, the UE applies the value of s-IntraSearchP instead. Otherwise if neither s-IntraSearch nor s-IntraSearchP is present, the UE applies the (default) value of infinity for SIntraSearchP.

	s-IntraSearchP
Parameter "SIntraSearchP" in TS 36.304 [4]. See descriptions under s-IntraSearch.

	s-IntraSearchQ
Parameter "SIntraSearchQ" in TS 36.304 [4]. If the field is not present, the UE applies the (default) value of 0 dB for SIntraSearchQ.

	s-NonIntraSearch
Parameter "SnonIntraSearchP" in TS 36.304 [4]. If the field s-NonIntraSearchP is present, the UE applies the value of s-NonIntraSearchP instead. Otherwise if neither s-NonIntraSearch nor s-NonIntraSearchP is present, the UE applies the (default) value of infinity for SnonIntraSearchP.

	s-NonIntraSearchP
Parameter "SnonIntraSearchP" in TS 36.304 [4]. See descriptions under s-NonIntraSearch.

	s-NonIntraSearchQ
Parameter "SnonIntraSearchQ" in TS 36.304 [4]. If the field is not present, the UE applies the (default) value of 0 dB for SnonIntraSearchQ.

	s-SearchDeltaP
Parameter "SSearchDeltaP" in TS 36.304 [4]. This parameter is only applicable for UEs supporting relaxed monitoring as specified in TS 36.306 [5]. Value dB6 corresponds to 6 dB, dB9 corresponds to 9 dB and so on.

	speedStateReselectionPars
Speed dependent reselection parameters, see TS 36.304 [4]. If this field is absent, i.e, mobilityStateParameters is also not present, UE behaviour is specified in TS 36.304 [4].

	t360
Parameter "T360" in TS 36.304 [4]. Value min4 corresponds to 4 minutes, value min8 corresponds to 8 minutes, and so on.

	threshServingLow
Parameter "ThreshServing, LowP" in TS 36.304 [4].

	threshServingLowQ
Parameter "ThreshServing, LowQ" in TS 36.304 [4].

	t-ReselectionEUTRA
Parameter "TreselectionEUTRA" in TS 36.304 [4].

	t-ReselectionEUTRA-SF
Parameter "Speed dependent ScalingFactor for TreselectionEUTRA" in TS 36.304 [4]. If the field is not present, the UE behaviour is specified in TS 36.304 [4].



NOTE 1:	The value the UE applies for parameter "Qqualmin" in TS 36.304 [4] depends on the q-QualMin fields signalled by E-UTRAN and supported by the UE. In case multiple candidate options are available, the UE shall select the highest priority candidate option according to the priority order indicated by the following table (top row is highest priority).
	q-QualMinRSRQ-OnAllSymbols
	q-QualMinWB
	Value of parameter "Qqualmin" in TS 36.304 [4]

	Included
	Included
	q-QualMinRSRQ-OnAllSymbols – (q-QualMin – q-QualMinWB)

	Included
	Not included
	q-QualMinRSRQ-OnAllSymbols

	Not included
	Included
	q-QualMinWB

	Not included
	Not included
	q-QualMin



	Conditional presence
	Explanation

	QrxlevminCE1
	The field is optionally present, Need OR, if q-RxLevMinCE1-r13 is set below -140 dBm. Otherwise the field is not present.

	RSRQ
	The field is optionally present, Need OR, if threshServingLowQ is present in SIB3; otherwise it is not present.

	WB-RSRQ
	The field is optionally present, need OP if the measurement bandwidth indicated by allowedMeasBandwidth is 50 resource blocks or larger; otherwise it is not present.



4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Frequency Location and Time offset consume the most bits and thus focus should be on these as how the bits can be reduced.
Observation 2	If Frequency Location and Time offset are derived from cell ID, no new signaling would be required.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to agree on the ASN.1 update provided in the Section 3.1.
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