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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



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
Further, following agreement was reached in Spokane, RAN2#104 [3]. 
RACH report:
· [bookmark: _Hlk534709569]In addition to legacy parameters for RACH reporting, the first selected resource pool (E.g. CE level, EDT) is included in the RACH report. This agreement is also applicable for eMTC
A post-meeting email discussion was setup to discussion on how and what to report.
[104#45][NB-IoT R16]  RACH Report (Qualcomm)
	How and what to report.
	Intended outcome: email discussion report
	Deadline: Thursday 2019-02-07
This document provides the summary of the email discussion [104#45].

Background: LTE RACH report
Let’s have a brief look on the content of LTE RACH report. RACH report in LTE is included in UE Information Response message as shown in 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
}

<<skip>>

NumberOfPreamblesSent-r11::=			INTEGER (1..200)


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>>



What to report: RACH report contents
As seen above, the legacy/existing parameters for the LTE RACH report are numberOfPreamblesSent and contentionDetected, i.e., UE reports the number of PRACH attempts before successful response from eNB, and that contention was detected for at least one of the transmitted preambles. 
Question 1: For NB-IoT, is there anything that needs to be different for numberOfPreamblesSent and contentionDetected? E.g., different range, different type other than Boolean etc.
	Company
	Any difference from legacy for numberOfPreamblesSent and contentionDetected? Yes/No
	Comment

	ZTE
	Yes
	We think the concept of numberOfPreamblesSent and contentionDetected can be reused. But the type or value range would be changed. 
For numberOfPreamblesSent, the value range could be changed to 1~30, because the value range of maxNumPreambleAttemptCE-r13 is ENUMERATED {n3, n4, n5, n6, n7, n8, n10} and there are at most 3 CELs in NB-IoT. 
For contentionDetected, as it’s one of the NPRACH failure reasons, the other one is that RAR hasn’t been received. Considering several times of contentionDetected may occur before the PRACH procedure success and in order to have more information about proportion of different failure reasons, it can be considered to change BOOLEAN type to INTEGER so that eNB can differentiate the number of failures caused by different reasons.

	Huawei, HiSilicon
	Maybe, the range could be redefined, but not essential.

	In legacy:
NumberOfPreamblesSent-r11::=	INTEGER (1..200)
In NB-IoT/ eMTC:
maxNumPreambleAttemptCE-r13	ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1}
so max attempts is 40 in eMTC and 30 in NB-IoT

	Lenovo
	Yes to numberOfPreamblesSent 
No to contentionDetected
	The range of numberOfPreamblesSent may need to be updated based on NB-IOT and eMTC case.
The Boolean of contentionDetected is better to be reserved, this means eNB needs to consider the RACH parameter  optimization even if one time of unsuccessful contention resolution is happened, the Boolean is enough to perform this function.

	Ericsson
	Not necessary
	Current  range is well beyond the max number of attempts of NB-IoT, therefore it’s sufficient and it is not needed to change the range. However, if preferred, the range can be reduced to match the max number of attempts for NB-IoT.

	Qualcomm
	Maybe
	Agree with ZTE, HW, Ericsson that the range can be reduced, to e.g., (1..32) for NB-IoT. 

Note that the range for eMTC does not need to be changed (not part of the discussion) as eMTC uses (legacy) LTE RACH report. 

	Intel
	Yes
	We agree the range can be reduced for NB-IoT as new IEs have to be defined for NB-IoT.

	Sequans
	Yes to numberOfPreamblesSent
	Agree with most companies that the range could be reduced to adjust with the maximum NB-IoT / eMTC attempts. Though the benefit seems limited, it is an optimization that we can consider.

	Nokia
	Maybe 
	If the maximum range used in LTE is not applicable for NB-IoT, it can be reduced. But there is no major impacts if not changed also.



Additionally, according to the agreement shown in section 1, the first selected resource pool (e.g., CE level of legacy pool, CE level of EDT pool etc.) is included in the RACH report.
Question 2: For NB-IoT, what additional information is included to indicate “first selected resource pool”? Give example ASN.1.
	Company
	additional information required to indicate “first selected resource pool” for NB-IoT
	Example ASN.1/IE names

	ZTE
	We have the general thinking that the information which eNB can obtain by the configuration or deduce by itself would not be reported from UE. Then we identify the following additional information which need to be considered for RACH report in NB-IoT.
In legacy LTE, RACH report only include the total number of RACH preambles sent and whether contention resolution failure has ever occurred during this last time successful random access procedure. Although there may exist failed random access procedures before last successful random access, their information are not recorded. Taken into account that only one PRACH resource pool is supported in LTE, such LTE RACH report information would be enough for detecting the RACH resource congestion or PRACH parameters issues. 
But in NB-IoT or eMTC, several different NPRACH resource types could be configured in one cell. The UE may change the NPRACH resource type during a random access procedure or between two random access procedures. The initial CEL may be also changed in different random access procedures. Therefore, we think only one RACH record for the last time random access procedure is not enough. We suggest to record the information for several random access procedures, e.g., introduce a record list for RACH report (e.g., with maximum number of records maxRachReport to include several failed random access procedures and the last time successful procedure).
For each RACH record in the list of RACH report, the detailed explanation is in the right column.
	Rach-ReportList-NB-r16 ::=	SEQUENCE (SIZE (0..maxRachReport) OF Rach-Report-NB-r16

Rach-Report-NB-r16
{
initialCEL-r16    ENUMERATED{0, 1, 2},
numberOfPreamblesSent-r16  INTEGER {1...30}   OPTINAL,
initialResourceType-r16    ENUMERATED{Non-EDT preamble, EDT preamble},
contentionDetected INTEGER{0...29}
}
For each RACH record in the list of RACH report, there have some additional parameters besides the numberOfPreamblesSent and contentionDetected. The following would be considered:
· initial CEL: CEL concept is unique to NB-IoT and eMTC, that does not exist in the legacy LTE. For each random access procedure, the initial CEL can help indicate the coverage of the UE before random access and only the UE can know it. It’s straightforward to include this information in each RACH record.

· initial RACH Resource Type: As different NPRACH resource types (e.g. legacy NPRACH resource per CEL, EDT NPRACH resource per CEL, format 2 NPRACH resource per CEL, format2 EDT NPRACH resource per CEL) could be configured in one cell, it would be useful to let UE report the selected NPRACH resource type. For EDT and non-EDT type, considering NPRACH resource could change from EDT NPRACH resource to legacy NPRACH resource for CEL ramping or in some fallback cases, this information would be needed. But considering format 2 resource is always used if configured and then eNB could derive whether format 2 resource is used based on the reported initial CEL, final CEL, PRACH configuration and UE capability, we think there has no need to report resource format information.

· numberOfPreamblesSent: As mentioned for Question 1, the value range of this parameter would be maximum 30. Moreover, we think this parameter can be optional. For the failed random access (e.g., total attempts have been reached), as the eNB could derive the total preamble attempts based on the initial CEL/initial RACH Resource Type and PRACH configuration, the UE may not include this parameter for this failed RACH record. But for successful random access procedure, taken into account that the UE only use partial attempts in the last CEL, eNB cannot derive the total attempts based on the initial CEL and last CEL information. This information would be needed for the successful random access procedure.

	Huawei, HiSilicon
	Two indications are needed:
- first selected pool: 
There are many NPRACH resources pool (legacy, EDT, Fmt2, Fmt2EDT, TDD). However in general the UE does not change pool in the middle of a random access procedure except for NPRACH range enhancements (but only if there is no resource in the pool for the lower CEL, which can be known by the eNB) or EDT fallback (which cannot be known by the eNB). So, in theory, only the EDT indication is needed.
However, in our understanding, in LTE, the RACH report is forwarded transparently by the eNB to the OAM entity. So, if we want the eNB to be transparent, we could define an enumerated list containing all the available pools. In that case, it would make sense to indicate both the first and the final pools.
- the starting repetition level: (0..2)
	

edt-Fallback-r16 ENUMERATED {true} OPTIONAL

Alternatively
firstNPRACH-pool-r16  NPRACH-Pools-NB-r16

lastNPRACH-pool-r16  NPRACH-Pools-NB-r16

NPRACH-Pools-NB-r16 ::= ENUMERATEd {r13, edt, fmt2, fmt2Edt, tdd, spare3, spare2, spare1}

firstNPRACH-resource-r16  INTEGER (0..2)

	Lenovo
	Base on the agreement, in addition to legacy parameters for RACH reporting, the first selected resource pool (E.g. CE level, EDT) is included in the RACH report. When eNB receive this first selected resource pool information(including CE level and EDT indication) and legacy total number of RA preamble in last successful random access procedure, eNB could compute the number of RA preamble in each CE level in the last successful RA procedure according to its stored PRACH configuration information to UE and the RA resource associated to the last RA preamble(such as time/frequency resource, preamble resource) in the last successful RA procedure, the computed number of RA preamble in each CE level in the last successful RA procedure is used for SON.
Thus two parameter are needed:
The CE level for the first selected resource pool, and the EDT indication for the first selected resource pool.
	Our view on ASN.1 is simillar to ZTE except the type of contentionDetected parameter. The ASN.1 describtion could be :
Rach-Report-NB-r16::=	SEQUENCE
{
initialCEL-r16    ENUMERATED{0, 1, 2},
numberOfPreamblesSent-r16  INTEGER {1...30}   OPTINAL,
initialResourceType-r16    ENUMERATED{Non-EDT preamble, EDT preamble},
contentionDetected BOOLEAN
}

· For initialResourceType-r16, considering NPRACH resource could change from EDT NPRACH resource to legacy different format NPRACH resource for CEL changing or for fallback cause, the information on initial resource type is EDT or Non-EDT would be needed, we are also OK to replace this ENUMERATED parameter by EDT fall back indication. The other resource pool information including format information could be deduced by eNB. 

	Ericsson
	No information which is already known by the eNodeB should be reported to avoid reporting redundant information. 
We think that the UE should report RACH report only upon successful RACH attempt, therefore only the most recent RACH attempt is relevant. 
The eNodeB should be aware about the resource pool where the RACH attempt is made (whether it is legacy RACH, EDT, Format2, etc…), therefore it is not needed to report that. 
However, it is not clear to the eNodeB that which was the initial CE level, which was chosen by the UE, therefore the initial CE level is needed to be reported.
	initialCEL-r16		::=	ENUMERATED {ce0, ce1, ce2}


	Deutsche Telekom
	Agree with Ericsson. No need to report anything which is known at the eNB.

The initial CE level is helpful.
	

	Qualcomm
	Initial CEL is needed.
Generally, UE would not start with legacy and fallback to EDT during RA. Also, UE would not fallback during RA between Fmt2, Fmt2EDT, TDD. The final pool where the RA is successful is known to eNB. So, indication of EDT fallback is sufficient, i.e., if this is indicated, this means UE started with legacy and went through a fallback to EDT resources. 
	Rach-Report-NB-r16::=	SEQUENCE
{
initialCEL-r16    INTEGER (0..2),
numberOfPreamblesSent-r16  INTEGER (1..32)   OPTIONAL,
edt-Fallback-r16 BOOLEAN,
contentionDetected-r16 BOOLEAN
}


	Intel
	We also think the report for the last RACH is relevant. The initial CE level is useful information. The benefit of EDT fallback indication is not clear.
	

	Sequans
	Agree w/ QC. Initial CEL is needed and EDT fall back indication is also useful. Further information is either known by the eNB or not applicable (e.g. not applicable fall-backs).
	

	Nokia
	Additional information about the starting CE level of the RACH Attempt if different from the final CE level may be required.

In case if the UE starts the RACH attempt for EDT and later fall-back to normal RACH Access , this information also will be beneficial at ENB to adjust the RACH resource allocation for EDT.
	Propose to discuss these details after conclusion on these questions during online discusisons.



Further, RAN2 has agreed to extend the above agreement to eMTC. 
Question 3: For eMTC, what additional information is included to indicate “first selected resource pool”? Give example ASN.1.
	Company
	additional information required to indicate “first selected resource pool” for eMTC
	Example ASN.1/IE names

	ZTE
	We understand the RACH report is already supported in eMTC. Maybe it’s better to introduce changes as small as possible. So we only suggest to append some necessary information. 
	rach-Report-r9				SEQUENCE {
numberOfPreamblesSent-r9
NumberOfPreamblesSent-r11,
contentionDetected-r9		BOOLEAN
}

rach-Report-r16	SEQUENCE {
	initialCEL-r16	ENUMERATED{0,1,2,3},
initialResourceType-r16    ENUMERATED{Non-EDT preamble, EDT preamble}
}


	Huawei, HiSilicon
	Same as for NB-IoT, first selected pool and starting CEL level.
As there are only two pools in eMTC (EDT or not-EDT), we think an indication EDT fall back is sufficient here.
	


edt-Fallback-r16 ENUMERATED {true} OPTIONAL

firstPRACH-resource-r16  INTEGER (0..3)

	Lenovo
	The parameters are same for NB-IOT and eMTC, the range for some parameters may be different.
	Rach-Report-r16::=	SEQUENCE
{
initialCEL-r16    ENUMERATED{0, 1, 2, 3},
numberOfPreamblesSent-r16  INTEGER {1...40}   OPTINAL,
initialResourceType-r16    ENUMERATED{Non-EDT preamble, EDT preamble},
contentionDetected BOOLEAN
}


	Ericsson
	Basically the same information is needed as for NB-IoT: The initial CE-level.
	initialCEL-r16		::=	ENUMERATED { ce0, ce1, ce2, ce3}


	Deutsche Telekom
	Agree with Ericsson.
	

	Qualcomm
	Same as NB-IoT, i.e., first selected pool and EDT fallback indication.


	Rach-Report-v16xy::=	SEQUENCE
{
initialCEL-r16    INTEGER (0..3),
edt-Fallback-r16 BOOLEAN
}


	Intel
	Same as NB-IoT. Only the initial CE level.
	

	Sequans 
	Agree w/ QC
	

	Nokia
	As indicated in the above question
	



[bookmark: _Hlk498547838]How to report: Signalling of NB-IoT RACH report
To avoid unnecessary impact to NB-IoT UE power consumption and network bandwidth usage, information such as RACH report should be provided only upon network request. 
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. However, as per TS 36.331 subclause 4.1, this procedure is not applicable to NB-IoT in the current specification. For non NB-IoT, UE information request/response procedure is initiated by E-UTRAN by sending the UEInformationRequest message.


Figure 5.6.5.1-1: UE information procedure
In previous RAN2 meetings, companies have provided view on both sides whether UE Information Request/Response mechanism (but not necessarily all the contents of legacy UE information response) could be reused for the purpose of RACH reporting. 
Note, there are other SON report(s) being defined for NB-IoT which is outside of the scope of this email discussion (see [4], [5]). However, any signalling procedure/framework discussed here could apply to those reports as well.
Question 4: Should RAN2 introduce the framework of UE information request/response procedure for NB-IoT in Rel-16, and discuss specific information applicable for NB-IoT case by case?
	Company
	Support UE information request/response for NB-IoT Rel-16 
Yes/No
	Comment

	ZTE
	No
	In NB-IoT, UE is power sensitive and UE power saving is very critical. As the additional dedicated signalling (e.g.  UEInformationRequest and UEInformationRequest) in LTE report procedure will involve additional PDCCH/PDSCH reception and additional PUSCH transmission, it will cost additional UE power. Therefore, we think it’s not suitable to support the framework of UE information request/response procedure for NB-IoT.
Furthermore, EDT procedure is supported in NB-IoT to efficiently transmit small data and EDT procedure might be used very frequently. Considering that in EDT procedure, the NB-IoT UE will not enter the RRC_CONNECTED state, and the additional dedicated signalling cannot be sent. That means the additional dedicated signalling is not feasible for some scenarios for NB-IoT and eMTC. 
Moreover, with UE information request/response procedure, if a UE always uses EDT to send UL data, this UE may have no chance to send RACH report unless we think it is not allowed to trigger EDT once RACH report is activated (the UE should always trigger legacy RRC procedure if it needs to send RACH report), and this is obviously undesirable.

	Huawei, HiSilicon
	No
	Let’s discuss the different use cases separately and decide afterwards

	Lenovo
	No
	A dedicated signalling for UE information request/response procedure for NB-IoT may be not necessary. As in other SON report, RACH report could be piggyback to RRC connection establishement/resumption procedure or by EDT procedure.

	Ericsson
	Yes
	The UE is not supposed to send reports at every possible occasion, as that causes unnecessary overhead, and the network may not be interested at that time receiving such report, or may not even be able to handle such report. Therefore, we prefer to have some procedure so that the network requests the report from the UE, and for that the UE information request/response procedure would be useful for NB-IoT at least in RACH report and ANR report use cases. Instead of having separate dedicated messages, UEInformationRequest/Response messages can be appended into existing signalling, e.g. during RRC connection procedures in order to save UE power.

	Deutsche Telekom
	Yes
	We agree with Ericsson that the UE shall NOT sent information, the network is not interested in. This is for the sake of saving network resources, but also important UE power.
Also a UE indication for a RACH report in any existing RRC message should be considered and then the network can use a subsequent DL message to indicate interest to retrieve that report.

	Qualcomm
	Yes
	As explained in our earlier contributions, we think UE information request/response framework is beneficial for NB-IoT. We also proposed to discuss which elements are useful, and we think at least RACH report can use the framework. 

	Intel
	Yes
	We do not see need of different mechanism for NB-IoT. UEInformationRequest/Response messages are useful for other reports (at least RLF report is foreseen in this release and possibly other reports in future).

	Sequans
	No
	It was agreed that SON reporting could be sent with EDT and we expect that many applications would use mostly if not only EDT communications, and thus request/response procedure becomes inapplicable. The eNB have to somehow request the reporting in advance. On the other hand, it is clear we would not like the UEs to report RACH on every connection.
We think that RACH report configuration (and SON configuration in general) should be based on either broadcast signalling or on dedicated singling that stretches throughout RRC mode changes, at least while the UE is served by the configuring cell. Then to pace down the reporting, a counter value N can be configured such that the UE is required to provide RACH reporting only once every N successful connection establishments or after successfully transmitting of N bytes.

	Nokia
	No
	Current mechanism involves one additional signaling procedure after Msg5. Different mechanism for NB-IoT SON Information report is required.  Use of Msg5 and EDT options should be considered for this purpose.



If the answer to question 4 is yes, please answer Q5 and Q6:
[bookmark: _Toc528765738][bookmark: _Toc528765739][bookmark: _Toc528765774][bookmark: _Toc528765850][bookmark: _Toc528829130][bookmark: _Toc528829134]Question 5: Should RACH report for NB-IoT based on UE information request/response procedure be supported?
	Company
	Support RACH report based on UE information request/response for NB-IoT Rel-16+ 
Yes/No
	Comment

	Huawei, HiSilicon
	No
	See answer to Q7

	Lenovo
	No
	The request/response mechanism may be needed, but this legacy message and procedure are not necessary.

	Ericsson
	Yes
	It is not expected that the UE reports RACH report upon every successful RACH attempt, thus network shall indicate, when it is interested in RACH report. This can be done with a procedure similar to legacy UEInformationRequest/Response, i.e. the  eNB request the report from the UE with a UEInformationRequest message, after which the UE sends the report within the UEInformationResponse message.
These messages can be appended into the existing messages of RRC Connection procedures, e.g. the eNB may append the UEInformationRequest message into the Message 4, and the UE appends the UEInformationResponse into the Message 5. Optionally, the UE could also include an indication about available RACH report in Message 3.

	Deutsche Telekom
	Yes
	Same as Ericsson.

	Qualcomm
	Yes
	If conclusion of Q4 is yes, then this would be yes. Otherwise, this is N/A. 

	Intel
	Yes
	See our answer in Q4. This is the report to be sent upon request.

	Sequans
	No
	As explained in our answer to Q4

	Nokia
	No
	Different mechanism for NB-IoT RACH Reporting is required. 



Question 6: Is UE information request/response sufficient for enabling NB-IoT RACH report, or other methods need to be supported?
	Company
	Yes: UE information request/response sufficient, or
No: other methods required
	Comment

	Huawei/HiSilicon
	Only one method is needed. 
	We should keep the complexity low.

	Lenovo
	No
	The request/response mechanism may be needed, but this legacy message and procedure is not necessary.

	Ericsson
	Yes
	UE information request/response is sufficient.

	Deutsche Telekom
	Yes. Keep it SIMPLE !
	

	Qualcomm
	Yes 
	UE information request/response should be sufficient and simple. Other methods have more issues as discussed below.

	Intel
	Yes
	We agree one method is sufficient.

	Sequans
	Only one method is needed
	Only one method is needed, and as explained in our answer to Q4, it cannot be based on request/response since it is not applicable for at least EDT based reporting.

	Nokia
	No
	One method defined for NB-IoT is sufficient.



Question 7: If other methods for reporting RACH report are preferred, describe them.
	Company
	Other/preferred way of RACH reporting
	Comment

	ZTE
	RACH report in the Msg5 or along with EDT Msg3.
	According to our comments for Question 4, the framework of UE information request/response procedure would not be supported for NB-IoT. If a legacy RRC procedure is triggered for service transmission, it can be considered to additionally include RACH report in the Msg5.
If EDT is triggered by small data transmission, we think it would be feasible and beneficial to send RACH report along with EDT procedure, e.g., in EDT Msg3. If the RACH information are too large to be accommodated in EDT Msg3, the UE can only report a simple Rach-Available indication in EDT Msg3, and eNB can fallback the EDT procedure to legacy (non-EDT) procedure. The UE could include RACH report in the Msg5.
Moreover, because the UE information request is no longer used, and the RACH report may be send as early as in EDT Msg3, network indication or network activation for RACH report would be needed, e.g, through dedicated signaling in the last RRC connection.

	Huawei, HiSilicon
	The report is included in MSG5, i.e. RRCConnectionSetupComplete,  RRCConnectionResumeComplete and RRCConnectionReestablishmentComplete
eNB request for the report can be signalled in SIB2. Alternatively, it could be requested by an indication in MSG4.
	Power consumption is a key requirement in NB-IoT, we should not add additional steps unless absolutely necessary

We do think it is a good idea to have the report in EDT MSG3 because it will require the UE to rebuild MSG3 at each RACH attempt

	Lenovo
	For non-EDT, RACH report is transmitted in the Msg5.
For EDT, RACH reporting is transmitted in EDT Msg3.
	For UE not supporting EDT, the RACH report needs to be transmitted without too much impact on legacy procedure, the RACH report could be contained in  RRCConnectionSetupComplete for CP,  RRCConnectionResumeComplete for UP.
For UE with EDT procedure, RACH reporting could be contained in Msg.3 for power saving.

	Deutsche Telekom
	KEEP IT SIMPLE !
	

	Qualcomm
	RACH report in msg3 or msg5 is possible but less preferred
	We think the issue of allowing RACH report in msg3 is not really due to need of rebuilding Msg3 (i.e., disagree with Huawei), however, there may be security related issue which needs to be discussed.
In LTE, UE needs to have security activated before the RACH report is transmitted. This is captured by the following in RRC spec: 
“In order to protect privacy of UEs, UEInformationResponse is only sent from the UE after successful security activation”
For CP, RRC part of Msg3 is not integrity protected. So, if RACH report is appended as part of Msg3 RRC, then there is potential security risk.
For Msg5, RRCConnectionSetupComplete can be send unprotected. Also, if msg5 is used for RACH report even for EDT case, then legacy fallback is needed whenever RACH report is to be sent.
So, if it is critical that RACH-report in NB-IoT is security protected similar to eMTC, then this further suggests UE information request/response mechanism similar to LTE is preferable.  

	Intel
	N/A
	We also think we should keep it simple. Exposing such report in Msg5 is not preferred. Also, eNB may require RACH report, RLF report (possibly more in future) together, additional overhead in Msg3 and Msg5 is also not preferred.

	Sequans
	For non-EDT, RACH report is transmitted in the Msg5.
For EDT, RACH reporting is transmitted in EDT Msg3.
	In accordance with our answer to Q4.

	Nokia
	Msg5 and EDT should be considered
	EDT reporting should be used if the ongoing EDT transmission have additional spare bits to accommodate the additional information.



When to report: Validity of NB-IoT RACH report
Next aspect for discussion is for how long the UE should maintain RACH report information before it is reported. For example, should the UE only transmit RACH report for the current RRC connection, and once RRC connection is released/suspended UE discards the RACH report information? 
Question 8: For how long should the UE maintain RACH report information before it is reported? When should the report information be discarded by the UE?
	Company
	Validity and timeline of reporting 

	ZTE
	Generally, after initiating a legacy RRC procedure or an EDT procedure, UE would record the initial CEL/initial resource type in a new RACH record. UE may have experienced several preamble attempt failures before it could receive RAR, UE would also accumulate the numberOfPreamblesSent. At this time, the number of contentionDetected would be zero. Once the preamble attempt is successful, UE can send the RACH report in EDT Msg3 (including the new RACH record together with some other failed random access records)
If later the contention resolution fails, the number of contentionDetected would be accumulated in the last RACH record. After total attempts have been reached, UE would stop the current EDT procedure that also means RACH report is not sent successfully. UE can keep the RACH report being stored and report it in later RRC procedure. 
If the maxRachReport is reached, the UE can just remove the oldest record and add new one.
When the RACH report function is disabled by eNB, e.g., through dedicated signaling in the last connection, all the RACH report information will be discarded by the UE.
In a summary, we don’t think explicit validity time for RACH record or RACH report is needed.

	Huawei, HiSilicon
	There is no need for a validity time
We think that the UE does not keep the RACH report as this is related to the latest access. Either the RACH report is reported during the connection or it is deleted. Note that this is the same as in LTE.

	Lenovo
	This RACH reporting is for the last successful RA procedure. If the RA procedure is successful, UE could be configured to perform RACH reporting, it is corner case that UE could be failed to RACH report after RA success. If eNB does not indicate the RACH reporting to UE after RA success, it is UE implementation to keep the RACH reporting as legacy UE does, we think it may be reasonable to keep the RACH reporting until UE in IDLE again. If the RACH procedure is failed, UE will reset the parameters for the RACH reporting. 
Sum up, validity and timeline are not necessary for RACH reporting.

	Ericsson
	Only the recent RACH report should be reported upon success, i.e. the report for the RACH attempt which was successful. If older RACH reports would be stored, it would require more information, at least time stamps, and preferable location etc. which would increase the complexity required, as the UE would need to store more information, and report more information, causing higher power consumption, which is not preferable.

	Deutsche Telekom
	Only the recent RACH report should be stored.
Due to the typically limited activity of NB-IoT devices a long expiration time should be considered (e.g. ~480 h). 
Remember: the expiration time of 48h for MDT reports in logged MDT in LTE was introduced for privacy reasons.

	Qualcomm
	We agree explicit validity timer is not needed. 
The UE should not keep RACH report from previous connection. Once the connection is successful (successful EDT or successful legacy RACH), the UE may be requested to send the RACH report from the last (i.e., latest) successful event. If the UE is not requested to send it during the “connection” or immediately after EDT, the UE should discard the RACH report, i.e., validity is limited within the duration of the connection. The actual timeline depends on agreed solution (e.g., msg3, msg5 or UE request/response mechanism), but should not extend beyond the duration of the current RRC connection or EDT session.

	Intel
	We also think this needs to be the most recent report that UE is storing when it moved RRC_CONNECTED.

	Sequans
	Only the recent RACH report should be stored until it is sent in the current connection. i.e. it can be discarded after EDT Msg3 or non-EDT Msg5. Furthermore, with our proposed framework (see comment to Q4), the RACH report is prepared only if it is intended to be sent, without additional triggers.

	Nokia
	This report needs to be included in the RRC connection corresponds to the last successful RACH Attempt.



Other
Any other aspects that is not covered above, please explain.
Question 9: Any other aspect not covered above?
	Company
	Comment 

	
	

	
	



Summary
Nine companies (ZTE, Hwawei/HiSilicon, Lenovo, Ericsson, Deutsche Telekom, Qualcomm, Intel, Sequans and Nokia) participated in the email discussion. Below is a summary based on responses to each question.

Question 1: For NB-IoT, is there anything that needs to be different for numberOfPreamblesSent and contentionDetected? E.g., different range, different type other than Boolean etc.
All companies who responded suggest reducing (compared to LTE) the range for numberOfPreamblesSent for NB-IoT. Several companies suggested that 10 (current max) X 3 (num of CE levels) = 30 is enough. However, given that there is one spare codepoint remaining for maxNumPreambleAttemptCE-r13 which may be used in the future, it is better to accommodate that possibility.
Most companies (except one) are ok to keep contentionDetected as Boolean.
[bookmark: _Toc881234][bookmark: _Toc881291][bookmark: _Toc881342][bookmark: _Toc881472][bookmark: _Toc1043653]For NB-IoT RACH report, range of numberOfPreamblesSent is INTEGER (1..64).
[bookmark: _Toc881235][bookmark: _Toc881292][bookmark: _Toc881343][bookmark: _Toc881473][bookmark: _Toc1043654]contentionDetected is Boolean.

Question 2: For NB-IoT, what additional information is included to indicate “first selected resource pool”? Give example ASN.1.
To indicate the “first selected resource pool”, inputs were received from eight companies on mainly for two aspects: initial CEL and initial resource type indication e.g., EDT/fallback indication.
All companies agree that initial CEL should be included.
The view about initial resource type indication other than initial CEL was mixed:
· One company wants a detailed indication. 
· Six companies (including the one which wants detailed indication) express the view that some indication about whether the initial resource type was EDT/non-EDT or whether fallback from EDT has occurred would be helpful. 
· One company is not clear about the benefit of such indication. 
· Two companies think it is not needed. 
[bookmark: _Toc881236][bookmark: _Toc881293][bookmark: _Toc881344][bookmark: _Toc881474][bookmark: _Toc1043655]Initial CEL is included in NB-IoT RACH report.
[bookmark: _Toc881237][bookmark: _Toc881294][bookmark: _Toc881345][bookmark: _Toc881475][bookmark: _Toc1043656]A Boolean flag indicating EDT fallback (i.e., the UE started with EDT NPRACH resources and went through a fallback to non-EDT NPRACH resources) is included in NB-IoT RACH report. 
Based on the above summary, following ASN.1 can be taken as baseline:
ParentIE-xx ::= 		SEQUENCE {
	rach-Report-NB-r16		RACH-Report-NB-r16	OPTIONAL
	nonCriticalExtension	SEQUENCE {}			OPTIONAL
}

Rach-Report-NB-r16::=	SEQUENCE {
initialCEL-r16    			INTEGER (0..2),
numberOfPreamblesSent-r16  	INTEGER (1..64)   OPTIONAL,
contentionDetected-r16 		BOOLEAN,
edt-Fallback-r16 			BOOLEAN
}

[bookmark: _Toc881238][bookmark: _Toc881295][bookmark: _Toc881346][bookmark: _Toc881476][bookmark: _Toc1043657]Take the above ASN.1 as baseline for NB-IoT running CR.

Question 3: For eMTC, what additional information is included to indicate “first selected resource pool”? Give example ASN.1.
All companies agreed that same information as for NB-IoT would be needed for eMTC RACH report.
[bookmark: _Toc881239][bookmark: _Toc881296][bookmark: _Toc881347][bookmark: _Toc881477][bookmark: _Toc1043658]Initial CEL is included in eMTC RACH report.
[bookmark: _Toc881240][bookmark: _Toc881297][bookmark: _Toc881348][bookmark: _Toc881478][bookmark: _Toc1043659]A Boolean flag indicating EDT fallback (i.e., the UE started with EDT PRACH resources and went through a fallback to non-EDT PRACH resources) is included in eMTC RACH report. 
Based on the above summary, following ASN.1 can be taken as baseline:
UEInformationResponse-v1530-IEs ::= SEQUENCE {
	measResultListIdle-r15				MeasResultListIdle-r15			OPTIONAL,
	flightPathInfoReport-r15			FlightPathInfoReport-r15		OPTIONAL,	nonCriticalExtension		SEQUENCE {}UEInformationResponse-v16xy-IEs			OPTIONAL
}

UEInformationResponse-v16xy-IEs ::= SEQUENCE {
	rach-Report-v16xy		SEQUENCE {
		initialCEL-r16    		INTEGER (0..3),
		edt-Fallback-r16 		BOOLEAN
	}		OPTIONAL,
	nonCriticalExtension	SEQUENCE {}			OPTIONAL
}

[bookmark: _Toc881241][bookmark: _Toc881298][bookmark: _Toc881349][bookmark: _Toc881479][bookmark: _Toc1043660]Take the above ASN.1 as baseline for eMTC running CR.

Question 4: Should RAN2 introduce the framework of UE information request/response procedure for NB-IoT in Rel-16, and discuss specific information applicable for NB-IoT case by case?
Question 5: Should RACH report for NB-IoT based on UE information request/response procedure be supported?
Four companies think UE information/request response mechanism should be introduced for NB-IoT. Five companies think it is not needed. Further online discussion is required to conclude Q4. Conclusion of Q5 also depends on conclusion of Q4.

Question 6: Is UE information request/response sufficient for enabling NB-IoT RACH report, or other methods need to be supported?
All companies agree that we should avoid standardizing multiple different options. However, which solution is to be supported depends on conclusion of Q4 and Q7. 
[bookmark: _Toc881242][bookmark: _Toc881299][bookmark: _Toc881350][bookmark: _Toc881480][bookmark: _Toc1043661]RAN2 aims on standardizing a single method of sending NB-IoT RACH report, i.e., avoid multiple solutions. 

Question 7: If other methods for reporting RACH report are preferred, describe them.
Similar to previous questions, the inputs were diverse. Among the companies which said “no” to Q4 and prefer to specify other than UE information/request response method, the common aspect of the proposal is to include the report in Msg3 (EDT) or Msg5 (non-EDT). However, some concerns on security aspects were raised. As all companies agree that only one solution should be specified, which solution is specified should be further discussed considering the power consumption, signalling overhead, potential security aspects and other reports being considered (see [4], [5]).
[bookmark: _Toc881243][bookmark: _Toc881300][bookmark: _Toc881351][bookmark: _Toc881481][bookmark: _Toc1043662]Proposed solutions should be discussed considering signalling overhead, UE power consumption, security aspects and other reports being considered in other email discussions. 

Question 8: For how long should the UE maintain RACH report information before it is reported? When should the report information be discarded by the UE?
Most companies (except one) think the RACH report for NB-IoT should concern only the latest successful RACH procedure, i.e., similar to LTE the number of RACH records is limited to one. Also, the common view among these companies is that if the NB-IoT RACH report is not reported during the connection immediately following the successful RACH procedure, it is discarded. 
[bookmark: _Toc881244][bookmark: _Toc881301][bookmark: _Toc881352][bookmark: _Toc881482][bookmark: _Toc1043663]NB-IoT RACH report includes the information from the latest successful RACH procedure. 
[bookmark: _Toc881245][bookmark: _Toc881302][bookmark: _Toc881353][bookmark: _Toc881483][bookmark: _Toc1043664]NB-IoT RACH report information is discarded when the UE goes to IDLE.

Conclusion
[bookmark: _GoBack]In this email discussion, we discussed on contents and signalling of RACH report primarily for NB-IoT (some aspects also applicable to eMTC). Nine companies participated and provided inputs during the discussion. The following proposals summarizes the outcome:

Proposal 1.	For NB-IoT RACH report, range of numberOfPreamblesSent is INTEGER (1..64).
Proposal 2.	contentionDetected is Boolean.
Proposal 3.	Initial CEL is included in NB-IoT RACH report.
Proposal 4.	A Boolean flag indicating EDT fallback (i.e., the UE started with EDT NPRACH resources and went through a fallback to non-EDT NPRACH resources) is included in NB-IoT RACH report.
Proposal 5.	Take the above ASN.1 as baseline for NB-IoT running CR.
Proposal 6.	Initial CEL is included in eMTC RACH report.
Proposal 7.	A Boolean flag indicating EDT fallback (i.e., the UE started with EDT PRACH resources and went through a fallback to non-EDT PRACH resources) is included in eMTC RACH report.
Proposal 8.	Take the above ASN.1 as baseline for eMTC running CR.
Proposal 9.	RAN2 aims on standardizing a single method of sending NB-IoT RACH report, i.e., avoid multiple solutions.
Proposal 10.	Proposed solutions should be discussed considering signalling overhead, UE power consumption, security aspects and other reports being considered in other email discussions.
Proposal 11.	NB-IoT RACH report includes the information from the latest successful RACH procedure.
Proposal 12.	NB-IoT RACH report information is discarded when the UE goes to IDLE.
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