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[bookmark: _Ref492503575]Introduction
The WI description for further enhanced NB-IoT is given in [1]. One of the objectives is the following
	Network management tool enhancement:
· SON support for reporting of [RAN2, RAN3]
· Cell Global Identity and strongest measured cell(s) (ANR)
· Random access performance
· Radio link failure (RLF), if needed



In this contribution, we discuss issues with current RACH failure report and propose some enhancements. This document is revision of R2-1814107 considering the discussion and agreements in RAN2#103bis [2].
Background
CE levels
For BL/CE/NB-IOT UEs, Coverage Enhancement levels (CE Levels) are introduced where (N)PRACH configuration is different for different CE Levels. Based on current measured RSRP and the thresholds provided by the eNB, UE determines its current CE Level and (N)PRACH resource set. For each CE level, maximum number of preamble attempts is configured to indicate how many times the UE attempts RACH preamble transmission before moving to next CE level. Further, each “attempt” consists of a number of repetitions, as configured by eNB.
NPRACH-ConfigSIB-NB-v1450 ::=		SEQUENCE {
	maxNumPreambleAttemptCE-r14			ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1}
}

NPRACH-Parameters-NB-r13::=			SEQUENCE {
[bookmark: OLE_LINK204]	nprach-Periodicity-r13					ENUMERATED {ms40, ms80, ms160, ms240,
														ms320, ms640, ms1280, ms2560},
	nprach-StartTime-r13					ENUMERATED {ms8, ms16, ms32, ms64,
														ms128, ms256, ms512, ms1024},
	nprach-SubcarrierOffset-r13				ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},
	nprach-NumSubcarriers-r13				ENUMERATED {n12, n24, n36, n48},
	nprach-SubcarrierMSG3-RangeStart-r13	ENUMERATED {zero, oneThird, twoThird, one},
	maxNumPreambleAttemptCE-r13				ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},
	numRepetitionsPerPreambleAttempt-r13	ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},
	npdcch-NumRepetitions-RA-r13			ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128,
														r256, r512, r1024, r2048,
														spare4, spare3, spare2, spare1},
	npdcch-StartSF-CSS-RA-r13				ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},
	npdcch-Offset-RA-r13					ENUMERATED {zero, oneEighth, oneFourth, threeEighth}
}

LTE RACH report
RAN2#103bis agreed to support RACH report for NB-IoT [2]. 
Support RACH report for NB-IoT 
Will consider whether information in LTE RACH report is extended

So, let’s have a brief look on the content of LTE RACH report before going into whether information in the LTE RACH report should be extended.
RACH report in LTE is included in UE Information Response message as shown below excerpt from TS 36.331:UEInformationResponse-r9-IEs ::=		SEQUENCE {
	rach-Report-r9							SEQUENCE {
		numberOfPreamblesSent-r9				NumberOfPreamblesSent-r11,
		contentionDetected-r9					BOOLEAN
	}																OPTIONAL,
	rlf-Report-r9							RLF-Report-r9			OPTIONAL,
	nonCriticalExtension					UEInformationResponse-v930-IEs				OPTIONAL
}

The procedure for the transmission of such report is defined as follows:
	[bookmark: _Toc518998607]5.6.5.3	Reception of the UEInformationRequest message
Upon receiving the UEInformationRequest message, the UE shall, only after successful security activation:
1>	if rach-ReportReq is set to true, set the contents of the rach-Report in the UEInformationResponse message as follows:
2>	set the numberOfPreamblesSent to indicate the number of preambles sent by MAC for the last successfully completed random access procedure;
2>	if contention resolution was not successful as specified in TS 36.321 [6] for at least one of the transmitted preambles for the last successfully completed random access procedure:
3>	set the contentionDetected to true;
2>	else:
3>	set the contentionDetected to false;
<<skip>>



RACH reports can be used by the eNB to determine how much power the UE drained (i.e., how hard UE tried) to reach the eNB. This is achieved in RACH report by indicating the number of PRACH preamble attempts and an indication whether contention was detected during last successful RACH process. In that sense, the RACH report is a SON report similar to RLF, MDT and Connection Establishment Fail (CEF) reports.
The number of PRACH attempts required to obtain service from network is probably the most important metric for NB-IoT deployment, hence RAN2 has agreed to introduce RACH report for NB-IoT. 
RACH report enhancements
In the existing RACH report procedure for LTE/eMTC, UE reports the number of PRACH attempts before successful response from eNB. RACH report should be able to unambiguously convey the initial CE level and number of MSG1 attempts per CE level to reach the eNB. This will enable eNB to determine if CE level configuration is optimal. 
eMTC UE or UE in CE determines the initial CE level based on measured RSRP level if initial-CE-level is not configured by eNB. For NB-IoT UEs, initial-CE-level is not provided. UE may change CE level during access (e.g. UE sent maximum number of PRACHes configured for a CE level without receiving RAR). Therefore, it is not always possible for eNB to know from which CE level the UE initially started the random access procedure. 
[bookmark: _Toc528765730][bookmark: _Toc528829122][bookmark: _Toc528829135]It is not always possible for eNB to know from which CE level the UE initially started the random access procedure.
During the discussion in RAN2#103bis, some companies assumed that eNB can deduce the starting CE level based on the total number of MSG1 attempts. However, based on the content of the current (LTE) RACH report, there are cases when eNB fails to deduce starting CE Level and total number of MSG1 attempts in different CE levels used by the UE during last successful RACH process. For example, consider the maxNumPreambleAttemptCE for different CE levels is configured as follows:
	maxNumPreambleAttemptCE 0 = n6
	maxNumPreambleAttemptCE  1 = n7
	maxNumPreambleAttemptCE  2 = n8
	maxNumPreambleAttemptCE  3 = n10
If the UE reports numberOfPreamblesSent = 9, then it is not clear which of the following cases is being signalled to the network:
· UE attempted 9 preambles in CE3, or 
· 1 attempt in CE3 after exhausting 8 attempts in CE2. 
If the UE reports numberOfPreamblesSent = 16, then it could be because:
· UE attempted 8 preambles in CE3 and 8 in CE2, or 
· 1 attempt in CE3 after exhausting 8 attempts in CE2 and 7 in CE1.
Even when maxNumPreambleAttemptCE is configured same value for all CE, e.g.
	maxNumPreambleAttemptCE 0 = n4
	maxNumPreambleAttemptCE  1 = n4
	maxNumPreambleAttemptCE  2 = n4
	maxNumPreambleAttemptCE  3 = n4
A UE can use more than 4 preamble transmission attempts in CE3 (if T300 is not expired) until it is successful. In this case, initial CE level deduction at eNB side fails. 
[bookmark: _Toc525222697][bookmark: _Toc525222957][bookmark: _Toc525726270][bookmark: _Toc528765731][bookmark: _Toc528829123][bookmark: _Toc528829136]With existing RACH report, eNB may not be able to deduce the initial CE level and number of preamble transmissions in each CE level.
During RAN2#103bis, several companies expressed the view that it is beneficial for the network to know the initial CE level and PRACH attempt per CE level during the last successful RACH process. This enables the eNB to know the DL RSRP conditions of UE during last successful RACH process as generally the initial CE level determination is based on RSRP thresholds configured by the network. With this feedback from UE, eNB can fine tune its RSRP thresholds and PRACH configurations for each of the CE Levels. This helps in better network planning. 
[bookmark: _Toc528765732][bookmark: _Toc528829124][bookmark: _Toc528829137]It is beneficial for the network to know the initial CE level and (N)PRACH attempt per CE level during the last successful RACH process.
Therefore, we propose to consider enhancements to PRACH report to enable the network to deduce initial CE level and number of PRACH attempts per CE level. One of the options is to include initial CE level in the RACH report in addition to total number (N)PRACH attempts.
[bookmark: _Toc525222386][bookmark: _Toc525222700][bookmark: _Toc525726276][bookmark: _Toc528765735][bookmark: _Toc528765770][bookmark: _Toc528765846][bookmark: _Toc528829127][bookmark: _Toc528829131]RAN2 understands that it is beneficial for network optimisation to know the initial CE level and (N)PRACH attempts per CE level.
[bookmark: _Toc525222387][bookmark: _Toc525222701][bookmark: _Toc525726277][bookmark: _Toc528765736][bookmark: _Toc528765771][bookmark: _Toc528765847][bookmark: _Toc528829128][bookmark: _Toc528829132][bookmark: _Hlk498547838]Enhance RACH report to include initial CE level and number of (N)PRACH attempts per CE level.
Signalling of NB-IoT RACH report
For LTE/eMTC, a procedure where the UE can provide certain information to eNB upon request is specified in TS 36.331 as shown below, where one of such UE information is RACH report.


Figure 5.6.5.1-1: UE information procedure
As per TS 36.331 subclause 4.1, above procedure is not applicable to NB-IoT in the current specification.
[bookmark: _Toc528765734][bookmark: _Toc528829125][bookmark: _Toc528829138]UE Information Request/Response procedure is not applicable to NB-IoT in the current specification.
To avoid unnecessary impact to NB-IoT UE power consumption and network bandwidth usage, such information should be provided only upon network request. In the existing specification (for non NB-IoT), UE information request/response procedure is initiated by E-UTRAN by sending the UEInformationRequest message. Furthermore, it is already specified for non NB-IoT that E-UTRAN should initiate this procedure only after successful security activation. Similar procedure can be supported for NB-IoT. Note, sourcing company does not propose to support all the information included in LTE/eMTC UEInformationRequest/ UEInformationResponse messages for NB-IoT.
Therefore, we propose: 
[bookmark: _Toc528765738][bookmark: _Toc528765773][bookmark: _Toc528765849][bookmark: _Toc528829129][bookmark: _Toc528829133]Support the framework of UE information request/response procedure for NB-IoT in Rel-16. Specific information that is applicable for NB-IoT should be discussed case by case.
[bookmark: _Toc528765739][bookmark: _Toc528765774][bookmark: _Toc528765850][bookmark: _Toc528829130][bookmark: _Toc528829134]Support RACH report for NB-IoT based on UE information request/response procedure.
Conclusion
In this contribution, we discussed on some aspects of SON support for NB-IoT. We have the following observations:
Observation 1.	It is not always possible for eNB to know from which CE level the UE initially started the random access procedure.
Observation 2.	With existing RACH report, eNB may not be able to deduce the initial CE level and number of preamble transmissions in each CE level.
Observation 3.	It is beneficial for the network to know the initial CE level and (N)PRACH attempt per CE level during the last successful RACH process.
Observation 4.	UE Information Request/Response procedure is not applicable to NB-IoT in the current specification.

Based on the above observations and discussion, we propose the following:
Proposal 1.	RAN2 understands that it is beneficial for network optimisation to know the initial CE level and (N)PRACH attempts per CE level.
Proposal 2.	Enhance RACH report to include initial CE level and number of (N)PRACH attempts per CE level.
Proposal 3.	Support the framework of UE information request/response procedure for NB-IoT in Rel-16. Specific information that is applicable for NB-IoT should be discussed case by case.
Proposal 4.	Support RACH report for NB-IoT based on UE information request/response procedure.
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