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1 Introduction

The WID of Rel-16 enhancements for NB-IoT was approved in RAN#80 [1]. In which, the following objective is included:
	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 RAN2 #103bis meeting, the following agreements were approved[2].
	RAN2#103bis agreements:
· ANR reporting for NB-IoT only uses idle-mode measurements (i.e. we won’t introduce connected mode measurements)
· Support RACH report for NB-IoT

· Will consider whether information in LTE RACH report is extended


In this paper, based on the use cases comparison between E-UTRAN and NB-IoT, we will discuss the feasibility of reusing LTE RACH report content for NB-IoT, and analyze the necessary extensions.    
2 Discussion

In LTE, RACH report includes only the total number of RACH preambles sent and whether contention resolution failure has ever occurred before the successful RACH completion as follows: 
	UEInformationResponse-r9-IEs ::=

SEQUENCE {


rach-Report-r9






SEQUENCE {



numberOfPreamblesSent-r9



NumberOfPreamblesSent-r11,



contentionDetected-r9




BOOLEAN


}















OPTIONAL,


...

}


UEInformationResponse-v1130-IEs ::= SEQUENCE {


connEstFailReport-r11



ConnEstFailReport-r11


OPTIONAL,


...

}

ConnEstFailReport-r11 ::=



SEQUENCE {


...


numberOfPreamblesSent-r11


NumberOfPreamblesSent-r11,


contentionDetected-r11



BOOLEAN,


...

}
NumberOfPreamblesSent-r11::=


INTEGER (1..200)

UEInformationResponse field descriptions
contentionDetected

This field is used to indicate that contention was detected for at least one of the transmitted preambles, see TS 36.321 [6]. 

numberOfPreamblesSent

This field is used to indicate the number of RACH preambles that were transmitted. Corresponds to parameter PREAMBLE_TRANSMISSION_COUNTER in TS 36.321 [6].



Taken into account that only one PRACH resource pools are supported in LTE, based on the LTE RACH report information, the RACH resource congestion and PRACH parameters issue can be clearly detected. 

But in NB-IoT, the following new PRACH resources types are introduced which may cause PRACH procedure in NB-IoT more complicated than that in legacy LTE:
· CELs (e.g. enhanced coverage level) is introduced from the R13. Different CELs can be configured with different numRepetitionsPerPreambleAttempt and maxNumPreambleAttemptCE as follows..
	NPRACH-Parameters-NB-r13::=


SEQUENCE {


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}

}


· EDT(e.g. early data transmission in Msg3) is introduced in Rel-15 NB-IoT. For large data PDU(e.g. at most 1000bits) may be carried over the EDT Msg3, which may have impacts on the Msg3 transmission success rate.   

· NPRACH format 2 is introduced in Rel-15 NB-IoT to extend the cell coverage range.

Taken into account that different NPRACH resource (e.g. preamble) are configured for different NPRACH type in one cell(e.g. legacy NPRACH resource per CEL, EDT NPRACH resource per CEL, format 2 NPRACH resource per CEL, format2 EDT NPRACH resource per CEL), and UE may change the NPRACH resource type(e.g. NPRACH resource change from EDT NPRACH resource to legacy NPRACH resource for CEL ramping etc) before the successful RACH completion, the RACH statistic and RACH failure information collection would be more complicated in NB-IoT.

Observation 1: Different type of NPRACH resource may exist in one NB-IoT cell, and the NPRACH type may change when the NPRACH procedure failed.
In legacy LTE, if the PRACH procedure failed (e.g. too bad radio condition, NPRACH parameters configuration problem, NPRACH resource insufficient etc), the RACH report cannot be performed immediately. But the NPRACH failure information is very important for network maintenance in NB-IoT. It can help to identify what attempts are performed before the successful RACH completion. E.g to identify which type of NPRACH resource is used when the NPRACH failed, to identify the NPRACH failure cause (e.g. preamble transmission failed, contentionDetected etc). So we think it’s better to let NB-IoT UE stores all the NPRACH failure information and reports it in the later RRC connection procedure (e.g. similar as LoggedMeasurement Report in LTE).
Observation 2: The NPRACH failure information is important for NB-IoT network maintenance, but it cannot be reported as RACH report cannot be performed immediately when the failure occurs in the current LTE specification.

For the PRACH failure case, for example, if the contention resolution failure occur frequently, it may mean that the preamble resources configured are not sufficient. As the preamble is configured per CEL in NB-IoT, the related CEL should be reported in order that the eNB can aware whether PRACH preambles on a certain CEL is enough. 

When the RACH procedure is successfully completed, taken into account that eNB can only obtain the CEL of the last preamble, based on the last CEL and the configuration information numberOfPreamblesSent, whether the UE attempts on lower CEL cannot be deduced in some cases. For example, if the maxNumPreambleAttemptCE of CEL0 is set to 2, the maxNumPreambleAttemptCE of CEL1 is set to 3, and maxNumPreambleAttemptCE of CEL2 is set to 10, when UE report the value 6 of numberOfPreamblesSent, eNB cannot differentiate the following cases:

· The initial CEL is CEL0: UE sends 2 preambles in CEL0, then ramps to CEL1 and sends 3 preambles, then ramps to CEL2 and send 1 preamble.
· The initial CEL is CEL1: UE sends 3 preambles in CEL1, then ramps to CEL2 and send 3 preamble.
· The initial CEL is CEL2: UE sends 6 preambles in CEL2.
Therefore, we think when the RACH procedure is successful, the RACH report record should also be report per RACH resources.
Proposal 1: It’s suggested that each RACH-report would be recorded per RACH resource and numberOfPreamblesSent indicates only the number of preambles sent in the current RACH resource. No matter the RACH procedure is successful or failed, it should be recorded.

Proposal 1a: A list of RACH-report records would be reported after a RACH procedure is successful.

Proposal 1b: For RACH failure records, besides the NPRACH resource type (e.g. EDT or non-EDT, Fmt0/1 or Fmt2 etc), the failure cause (e.g. preamble transmission failed, contentionDetected etc) should also be included in the RACH-report record.

3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Observation 1: Different type of NPRACH resource may exist in one NB-IoT cell, and the NPRACH type may change when the NPRACH procedure failed.
Observation 2: The NPRACH failure information is important for NB-IoT network maintenance, but it cannot be reported as RACH report cannot be performed immediately when the failure occurs in the current LTE specification.
Proposal 1: It’s suggested that each RACH-report would be recorded per RACH resource and numberOfPreamblesSent indicates only the number of preambles sent in the current RACH resource. No matter the RACH procedure is successful or failed, it should be recorded.

Proposal 1a: A list of RACH-report records would be reported after a RACH procedure is successful.

Proposal 1b: For RACH failure records, besides the NPRACH resource type (e.g. EDT or non-EDT, Fmt0/1 or Fmt2 etc), the failure cause (e.g. preamble transmission failed, contentionDetected etc) should also be included in the RACH-report record.
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