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Introduction
We observed an issue during the field test, after eNB rejects the RRC connection due to RAN overload (e.g. lack of resources like C-RNTI), UE will keep trying to establish connection on the same cell, but still be rejected. These actions may repeat serveral times, which caused UE’s unnecessary transmission latency and power consumption.

In this document, we discuss a solution of cell selection on the dedicated frequency after connection rejection to relieve this situation and balance eNB resource.
Discussion
We observed an issue during the field test, that after eNB rejects the RRC connection due to RAN overload (e.g. lack of resources like C-RNTI), UE will keep trying to establish connection on the same cell, but still be rejected. These actions may repeat serveral times, cause unnecessary transmission latency and power consumption.
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Observation 1: Connection rejection might repeats several times and cause unnecessary transmission latency and power consumption.

RRCConnetionReject-NB message contains NAS parameter extended wait time. ERRC would forward this parameter to NAS, NAS would then delay several seconds before initial the connection again. But this is a NAS parameter, it would not change rapidly for RAN overload issue. And this parameter would prolong the transmission latency, it does not help a lot for current situation.
RRCConnectionReject-NB message
-- ASN1START

RRCConnectionReject-NB ::=				SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE {
			rrcConnectionReject-r13				RRCConnectionReject-NB-r13-IEs,
			spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCConnectionReject-NB-r13-IEs ::=		SEQUENCE {
	extendedWaitTime-r13					INTEGER (1..1800),
	rrc-SuspendIndication-r13				ENUMERATED {true}			OPTIONAL,	-- Need ON
	lateNonCriticalExtension				OCTET STRING				OPTIONAL,
	nonCriticalExtension					SEQUENCE {}					OPTIONAL
}

Observation 2: NAS parameter extended wait time in RRCConnectionReject-NB message can prevent UE from trying re-connect to the same cell too frequently, but prolong the transmission latency.

LTE has same concern, so RAN2 introduced de-prioritisation feature in Release 11 to solve the problem. See the R2-125871 [1] for 36.304 and R2-125833 [2] for 36.331. LTE ERRC will consider the priority of the current frequency to be lowest in the idle state cell reselection after connection rejection, so that UE would try to reselection to a cell relatively idle on another frequency, to avoid repeating unnecessary retrying on the same frequency. 
RRCConnectionReject-v1130-IEs ::=	SEQUENCE {
	deprioritisationReq-r11				SEQUENCE {
		deprioritisationType-r11			ENUMERATED {frequency, e-utra},
		deprioritisationTimer-r11			ENUMERATED {min5, min10, min15, min30}
	}																		OPTIONAL,	-- Need ON
	nonCriticalExtension				RRCConnectionReject-v1320-IEs							OPTIONAL
}

But the LTE de-prioritisation feature cannot simply apply to NB-IoT, because it depends on the priority mechanism based reselection, which is not supported for NB-IoT. 
During the initial Rel-13 NB-IoT discussion, this feature wasn’t inherited from LTE for the reason of simplicity, see R2-161413 [3].
Observation 3: LTE has same concern, but its solution is not fit for NB-IoT, because frequency prioritization is not applicable to NB-IoT.
For NB-IoT connection release scenario, redirection info is used to redirect UE to another frequency. To prevent UE reselect back the previous frequency, dedicated frequency Qoffset is introduced. During the inter-frequency reselection, the ranking value of all the frequencies expect the dedicated frequency will minus the positive dedicated frequency Qoffset, so that the dedicated frequency will be preferred.

It should be note that the dedicated frequency Qoffset does not apply to serving cell, so that the ranking value of serving cell will not be affected. This mechanism only can prevent UE from reselecting to other frequencies than the dedicated frequency after a redirection, not drive UE to reselect to the dedicated frequency.

RedirectedCarrierInfo-NB-r13::=			CarrierFreq-NB-r13

RedirectedCarrierInfo-NB-v1430	::=		SEQUENCE {
	redirectedCarrierOffsetDedicated-r14	ENUMERATED{
												dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10,
												dB12, dB14, dB16, dB18, dB20, dB22, dB24, dB26},
	t322-r14								ENUMERATED{
												min5, min10, min20, min30, min60, min120, min180,
												spare1}
}



where:
	Qmeas
	RSRP measurement quantity used in cell reselections.

	Qoffset
	For intra-frequency: Equals to Qoffsets,n, if Qoffsets,n is valid, otherwise this equals to zero.
For inter-frequency:
Except for NB-IoT, equals to Qoffsets,n plus Qoffsetfrequency, if Qoffsets,n is valid, otherwise this equals to Qoffsetfrequency.
For NB-IoT equals to QoffsetDedicatedfrequency for any frequency other than the frequency of the dedicated frequency offset, if QoffsetDedicatedfrequency is valid, otherwise this equals to Qoffsetfrequency (if QoffsetDedicatedfrequency is valid Qoffsetfrequency is not used).

	Qoffsettemp
	Offset temporarily applied to a cell as specified in TS 36.331 [3]

	QoffsetSCPTM
	Offset temporarily applied to an SC-PTM frequency as specified below. The offset is applied to all cells on the SC-PTM frequency. If QoffsetSCPTM is valid, Qoffset for inter-frequency neighbour cells is not used.



Observation 4: Dedicated frequency Qoffset can keep UE on the frequency from cell reselection after redirection.
Based on the previous observations, we can proposal a solution for NB-IoT connection rejection scenario, so that UE could not keep trying on the same cell, but move to another available cell on the frequency that indicated by the network.
An optional dedicated frequency can be provided in the RRCConnectionReject-NB message, UE shall perform a cell selection on that dedicated frequency.
When successfully find a cell on that frequency, the dedicated frequency Qoffset carried in the RRCConnectionReject-NB message shall be applied, so that UE would not reselection to a stronger cell on the another frequency easily. Start T322 when dedicated frequency Qoffset applies, whose length shall be also carried in the RRCConnectionReject-NB message. When T322 timer expired, applied dedicated frequency Qoffset shall be canceled.
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Proposal 1: Cell selection on the dedicated frequency after connection rejection.
Proposal 2: Dedicated frequency Qoffset can keep UE on the dedicated frequency for T322 time length from cell reselection after a successful cell selection on the dedicated frequency.
Conclusion
In this document, we discuss a solution of cell selection on the dedicated frequency after connection rejection to relieve this situation.
Observation 1: Connection rejection might repeats several times and cause unnecessary transmission latency and power consumption.
Observation 2: NAS parameter extended wait time in RRCConnectionReject-NB message can prevent UE from trying re-connect to the same cell too frequently, but prolong the transmission latency.
Observation 3: LTE has same concern, but its solution is not fit for NB-IoT, because frequency prioritization is not applicable to NB-IoT.
Observation 4: Dedicated frequency Qoffset can keep UE on the frequency from cell reselection after redirection.

Proposal 1: Cell selection on the dedicated frequency after connection rejection.
Proposal 2: Dedicated frequency Qoffset can keep UE on the dedicated frequency for T322 time length from cell reselection after a successful cell selection on the dedicated frequency.

We have provided a CR in [4] [5] to capture the above proposals.
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