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1 Introduction

At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to support ANR reporting for network management.

Network management tool enhancement:

· SON support for reporting of [RAN2, RAN3]

· Cell Global Identity and strongest measured cell(s) (ANR)

Some initial discussions took place at RAN2#103bis and RAN2#104 and the following agreements were made:

	RAN2#103bis agreements:
· ANR reporting for NB-IoT only uses idle-mode measurements (i.e. we won’t introduce connected mode measurements)

RAN2#104 agreements:
SON-ANR:

· RAN2 understanding is that the purpose of SON/ANR reporting in NB-IoT is network optimisation rather than immediately updating neighbour relations like with LTE ANR, and is therefore not time critical.

· SON reporting does not trigger RRC connection establishment/resume

· FFS whether this includes EDT.

· SON information can be reported along with EDT, FFS what and how.




In order to progress, an email discussion was agreed:
[104#44][NB-IoT R16] SON/ANR report for NB-IoT (Huawei)


How and when the measurements, configuration, reporting are done.


Intended outcome: email discussion report


Deadline: Thursday 2019-02-07

2 Discussion
2.1 How and when to perform ANR measurements
It has been agreed that the measurements are performed in idle mode and that immediate reporting was not needed. However, it was not discussed how the measurements were actually performed.
Measurement method

In the contributions submitted at RAN2#104, there were the following approaches on how to perform the measurements:
a) Immediate measurements: 
The UE performs the requested measurements once immediately when entering idle mode.

b) Deferred measurements: based on cell reselection
c) Deferred measurements: based on strong cell detection

For each approach, it needs to be clarified the exact procedure for the measurements, e.g. ‘identification of the strongest cell’ and ‘CGI reading’.
Discussion point 1.a: Companies to provide their views on how the measurements are performed in a) immediate measurements
Table 1.a: How the measurements are performed in a) immediate measurements
	Company
	Comment

	Huawei, HiSilicon
	In this solution, we assume that, immediately upon entering idle mode, the UE performs first a “strongest cell measurement” in a set of frequencies (to be defined) and then reads the system information for each strongest cell (excluding possibly blacklisted cells). The UE stores the Neighbour Relation results for later reporting. The ANR measurement ends.

	ZTE
	Per our understanding for this approach, we don’t think UE performs the requested measurements only once (immediately after entering idle mode) because it may be highly possible that UE cannot find a strongest cell other than the current serving cell. That may mean no ANR record.
We understand in this approach the UE is required to additionally measure the neighbor cells and record the measurement results periodically, which is similar as the LoggedMeasurement procedure in legacy LTE. Then the “Measurement rules for cell re-selection” and “Relaxed monitoring” would be no longer used by the NB-IoT UE that is required to report ANR info. Furthermore, if the UE is required to get CGI information of the measured strong cells, additional SI acquiring is needed. All above issues pose challenges to the current power saving schemes for a NB-IoT UE in RRC_IDLE.

Therefore, we think such approach is not suitable for NB-IoT UE that is very sensitive to power consumption.

	Sequans
	Our view is similar to Huawei.

	Ericsson
	Performing immediate measurements should be configurable by the network. If immediate measurements are configured, the UE performs the measurements immediately when returning to idle mode and stores the results for further reporting. First a strongest cell measurement is performed, and after that, the actual ANR measurements (reading the system information for neighbor relation information, e.g. CGI, TAC, PLMN) are performed on the interesting cells, based on the ANR configuration (strong cell thresholds, number of cells, blacklist, whitelist, etc).

With immediate measurements, If UE has been configured for ANR reporting, NW would expect UE to perform the ANR measurement when it goes to idle mode. With immediate measurement though, we see that there can be some interference with long eDrx cycle; ie; UE may have to skip the long e-drx cycle and use normal drx cycle to perform the ANR related measurement. 

NW should thus configure for how long the selected UE (for ANR measurements) should perform the measurement before the UE could switch back to long e-drx cycle.

	GTO
	It should be left to UE implementation whether it wants to do measurements quickly or later before reporting.

We assume as soon as it goes to idle mode, UE starts to do measurements of the list of PCI’s provided by Network. It will read the system information of provided cells and store the information But important point is, a device may perform ANR/SON searches only down to a certain minimum reception level assumption is based on fact, UE is provided with PCI’s and UE performs measurements for the while in idle mode.

	Lenovo
	To this option, we have the similar understanding as Huawei. The time UE performs the immediate measurement could be UE implementation unless serious issue needs to be resolved.

	Qualcomm
	For this option, we have similar understanding as Huawei. 
Additionally, we have similar understanding to Lenovo that the meaning of “immediate” could be based on UE implementation. It may be useful for eNB to know if the measurements were done ‘soon’ after UE was requested to do the ANR measurements or ‘soon’ before UE has sent the report. This is because there could be a long time between request and response hence reported information may not be as useful in a changing network.

	
	

	
	


Discussion point 1.b: Companies to provide their views on the measurements are performed in b) deferred measurements based on cell reselection
Table 1.b: How the measurements are performed in b) deferred measurements based on cell reselection
	Company
	Comment

	Huawei, HiSilicon
	In this solution, the UE performs measurements according to the cell reselection process. When the UE reselects to a new cell, the UE stores the Neighbour Relation result for later reporting. It can be discussed whether a UE configured for ANR measurements should ignore s-IntraSearch and s-InterSearch parameters, 

	ZTE
	We understand in this approach, except for the existing measurements for cell reselection, no additional measurements explicitly for ANR are needed. The measurement results are recorded every time when the UE reselects to a new cell and the record will be reported to eNB in the next RRC establishment/resumption or EDT procedure.

When the UE reselects to a new cell, the physical cell identity of the neighbor cell can be identified when the cell is detected and the UE will read the CGI of the new serving cell normally. No additional SI acquiring is needed. 
There has no extra UE power consumption or no impacts on the current power saving schemes in this approach. We think it’s suitable for NB-IoT UE.

	Sequans
	In this approach, the UE records the cells it reselects from, and later report them on connection establishment to the last selected cell.

This approach is indeed attractive from power consumption PoV, but we wonder if it can serve the required functionality? 

Typical NB applications are geo stationary and may stay in the same location for years, so large parts of the NB-IoT networks may be left unmapped by SON/ANR.  Furthermore, the very locations that may benefit most from NW optimizations e.g. the basements or service rooms of buildings are the locations that typically host geo stationary UEs only – there is little chance that a mobile NB UE would wonder in and out of such location. Thus these locations are left without SON/ANR coverage.

Actually, the only locations that would have good ANR/SON coverage are the border areas between cells. which is good for updating neighbor relations but not aligned with the agreement that the purpose of SON/ANR reporting in NB-IoT is network optimization rather than immediately updating neighbor relations
In our view, this option could be specified only as an addition to one of the other options.



	Ericsson
	We agree with Sequans view above. Further the cells could be barred for cell reselection or could be inter-RAT, Private etc. However, for simplicity UE could perform ANR measurements during cell reselection measurement intervals or NW can configure the ANR measurement interval for strong cell detection and CGI discovery based upon cell reselection periodicity. 



	GTO
	Measurements can be performed as per legacy cell reselection process. It needs to be discussed whether here an additional RSCP delta compared to serving cell is considered, as in normal cell re-selection measurements only cells being X-dB better (ranked) are considered. However, a downwards limitation is for sure needed as trying to measure those cells with all capabilities available would drain battery. The devices configured to do ANR measurements will for this task ignore s-intraSearch or s-InterSearch same as relaxed monitoring state.  UE will keep the information with itself to report it later when it goes to connected mode or via EDT.

	Lenovo
	By this option, UE will record the cells for ANR when cell reselection is triggered. For NB-IOT cell reselection, UE will perform measurement if UE either in one case of Srxlev <= SIntraSearchP or in another case of Srxlev <= SnonIntraSearchP based on the NB-IOT cell reselection in 36.304. These two cases may be not efficient to find new cell for SON ANR, for example, may be a new cell is deployed around the UE, but the Srxlev of UE is still good and no measurement will be triggered.

So, It can be discussed some extra methods may be needed if a UE is configured for ANR measurement based on cell reselection.

	Qualcomm
	We prefer this approach, because our understanding is with this approach, no further measurements are required solely for ANR purposes. Therefore, this is power efficient.
However, we recognize the potential issue is most UEs may not trigger any neighbour cell measurement because they are not mobile and serving cell is above threshold for triggering neighbour cell measurements.

	
	

	
	


Discussion point 1.c: Companies to provide their views on the measurements are performed in c) deferred measurements based on strong cell detection

Table 1.c: How the measurements are performed in b) deferred measurements based on strong cell detection
	Company
	Comment

	Huawei, HiSilicon
	In this solution, the UE performs measurements at the same time as measurements for cell reselection process. The UE performs first a “strongest cell measurement” on a set of frequencies (to be defined) and then reads the system information for each strongest cell (excluding possibly blacklisted cells). The UE stores the Neighbour Relation results for later reporting. The UE only performs reselection according to the legacy rules.

	ZTE
	We understand in this approach, in order to find and record the strong cells, the UE is required to measure the neighbor cells all the time and record the measurement results when the strong cell changes.
This approach may have same issues as that in approach a), e.g., the “Measurement rules for cell re-selection” and “Relaxed monitoring” would be no longer used by the NB-IoT UE that is required to report ANR info, and additional SI acquiring is needed. So it’s also not suitable for NB-IoT UE.

	Sequans 
	In this approach, the UE defers the measurements as close to the next connection establishment, with the intention that UE is performing SON/ANR measurements only once until the next connection establishment. The timing of the measurements can be left for UE implementation.

For a UE hosting an MO application, i.e. an application which is mostly establishing connections for MO data (e.g. a tracker that connects to the NW to provide a periodic location), the connection establishment timing is controlled by the application, so the UE may choose to perform the measurements just before the connection establishment, and the additional delay does not impact the application.

A UE hosting MT application (or mixed MO/MT application), is triggering a connection establishment based on received paging and cannot delay the connection establishment until it performs the SON/ANR measurements. Therefor UE hosting MT application may choose to perform the measurements earlier, for example immediately before the first paging occasion after release to idle mode.

	Ericsson
	With regards to Sequans comment above, We think it would be difficult to always plan the measurements as close to the next connection establishment; especially if the device uses aperiodic reporting/traffic pattern.

If the measurement are deferred for long duration, the UE could be in long e-drx cycle and there could be risk that there is no measurement performed at all. If UE has been configured for ANR reporting, NW would expect UE to perform the ANR measurement when it goes to idle mode and provides a result preferably within a response time that is configured by the NW; even when the result is empty. Empty result would still help NW to know that there are no as such power, antenna tilt related issues or to identify that the issue does not exist in certain area or can help NW to configure/tune ANR thresholds.

	GTO
	UE performs measurements in conjunction with cell re-selection. The Ue performs “strongest cell measurements” on the set of cells/frequencies indicated. Here strongest cell measurement means, all cells above a certain threshold or within in certain RSCP window (downwards) concerning serving cell are treated and system information is read.

	Lenovo
	In this option, UE will defer the measurement without considering the cell reselection rule, maybe UE could take the measurement to find the strongest cell and report it based on a timer or a period, or until the next connection establishment with MO/MT application if the time for deferred measurement is effective.

	Qualcomm
	It is not clear what is the definition of ‘strong cell’. Does UE have to do a measurement before it can decide if cell is strong or not? Is the intention here UE performs RSRP measurement and then filter the results to determine cells that are above a certain power level and then proceed to acquire further information about those cells (e.g. PCI)?

In the end, goal should be such that measurements done for cell reselection should be reused to the maximum for ANR, and we should avoid to add further measurements for the sole purpose of ANR.

	
	

	
	

	
	


Discussion point 1.d: Companies to indicate alternative approach to a), b) and c) if needed

Table 1.d: Alternative approach(es)
	Company
	Comment

	
	


Restriction on when to perform measurements

In addition, it needs to be clarified whether there are restrictions, e.g. based on measurement configuration, on which, when and where measurements are performed or recorded, e.g.:
-
carrier frequency,
-
TA,
- 
duration,
-
whitelist, blacklist, 

-
RSRP threshold, 

- ….

Discussion point 2: Companies to provide their views on which parameters are used to control which, when and where measurements are performed and indicate if there are difference between approach a) immediate measurements, b) deferred measurements based on cell reselection and c) deferred measurements based on strong cell detection
Table 2: Restriction on how/when to perform the measurements
	Company
	Comment

	Huawei, HiSilicon
	Some restrictions on which cells to measure are required to limit the extra processing at the UE. 

For all options,:

· Subset of the frequencies broadcast in system information.

· Absolute/ relative RSRP threshold below which the UE does not acquire the CGI info

Then, additional restrictions can be defined for the different approaches.

  Option a: 

· Possibly, blacklist of cells (cells already known by the eNB)

  Option c: 

· Possibly duration during which the UE performs ANR measurements

	ZTE
	Based on our preference for approach b), we think only a simple ANR report control indication is needed to activate measurement and recording for ANR. No other control schemes are needed.

When the ANR report control indication is received, the UE can record the ANR info when cell reselection is performed, and report it to eNB at the next RRC establishment/resumption or EDT procedure.

	Sequans
	· Restrictions on which frequencies/cells to measure could be put in place. 

· The list of frequencies to measure could be provided in a separate configuration or as a subset of the frequencies broadcasted for mobility.

· Black list of cells, per frequency, to be excluded from SON/ANR measurements and reporting

· Possibly a white list of cells can be provided to prioritize cells the NW has special interest in.

· Absolute RSRP threshold below which the UE does not acquire the CGI info

SON/ANR reporting should be provided by all supporting UEs, to achieve both good SON/ANR coverage and fairness. However, it is obvious that not all the UEs need to perform SON/ANR measurements all the time (in each idle mode period), to achieve minimum impact on battery lifetime.

· Assuming that all the UEs are configured with SON/ANR measurements, a simple mechanism can be put in place to “pace” the SON/ANR measurements to a rate which can satisfy the NW needs. for example, a UE may be required to provide SON/ANR reporting only once every N successful connection establishments or after successfully transmitting N bytes. Such approach would make sure that the power overhead ratio is equally spread between the UEs. UEs which connect more often/send more data, and thus are designed for it power-wise, will also send more reports
· The UE CE level should be considered. the deeper the coverage level, the less reports are sent.

	Ericsson
	The network should be able to configure at least the following parameters for the measurements:

· carrier frequency: for the UE to know at which frequencies to measure.

· duration: in case there is certain period of time when the network is interested about neighbour cells (low traffic, high traffic, busy hours etc).

· whitelist, blacklist: Contains PCIs. If there are certain neighbours which are already familiar, indicating to the UE that there are no need to measure/report these cells. Also, if current status of certain cell is needed, would be good to let the UE know what to prioritize.

· RSRP threshold: if cells below certain threshold are not interesting. The threshold could be absolute threshold, or an offset to cell reselection measurement thresholds.

· Number of measured cells: Should be able to configure how many cells are measured (starting from the best neighbour cell, then the second best, etc…)

· Immediate measurements: If the network wants the UE to perform the measurements immediately when returning to idle mode.

· Measurement expiry time: How long the UE should store the measurements before considering them to be expired and possibly perform new measurements.

· Response Time: Time by when NW expects the UE to report the results.



	GTO
	There need to be some restrictions. As explained in 1, For network planning the report of a device in deep CE may be of little use when a new eNB is brought in the field. This would drain a lot of power especially, if for one of those also ECGI reporting means decoding would be indicated/needed. As a consequence the measurements and decoding shall only be carried out up to a lower boundary provided in the measurement object by the network. The boundary can be i.e. a minRSCP value, relative minRSCP power in relation to serving cell power or max samples to be taken. So any NB-IoT device supporting ANR/SON just would search and report those cells down to the indicated level and would not spend further efforts for finding a cell below said threshold. I.e. otherwise a new cell not visible by a device would cause said device to search for said cell down to max CE level. This is a new threat which did not exist in legacy LTE, which needs to be avoided. Hence, threshold/limitation needs to be part of measurement instruction.

- Also in addition, the cell which are blacklisted.

- Duration is also an important factor. Network should include time indication till when reporting is expected. Timing range is FFS.



	Lenovo
	The following information is configured to limit UE ANR processing.

· carrier frequency to be measured for strongest cell
· possible cells in white list that network is very interesting in

· possible cells in blacklist that network has already established the ANR with
For effective measurement, we think following parameter suggested by  Ericsson could be considered further:
· Response Time: Time by when NW expects the UE to report the results.



	Qualcomm
	For option b (preferred) or any other option it is quite possible not all UEs support all the frequencies anyway because they fall into unsupported bands hence you get subset. Therefore, there is no need to further signal the subset and it is best to let UE do measurement on all the supported frequencies in the neighbour cell list and get the full picture in one go.

Regarding the RSRP threshold, absolute value below which the UE does not acquire the CGI info is better as this will trigger many more UEs to identify neighbour cells hence provide better picture. The ANR report can include serving cell RSRP/RSRQ to complete the picture. With NB-IoT it is better to get ANR measurements in one go from as many UEs as possible to avoid having to repeat the procedure because some UEs did not provide sufficient information because they were in a good coverage.
Since power consumption is of main concern, we should avoid requirements for the UE to initiate a connection for the sole purpose of reporting ANR report. Therefore, we think explicit timers like measurement expiry time, response time should be avoided.



	
	

	
	


Content of a measurement record
In LTE, the CGI report includes the highlighted info below and the carrier frequency is given by the measurement configuration:

MeasResultEUTRA ::=
SEQUENCE {


physCellId






PhysCellId,


cgi-Info






SEQUENCE {



cellGlobalId





CellGlobalIdEUTRA,



trackingAreaCode




TrackingAreaCode,



plmn-IdentityList




PLMN-IdentityList2



OPTIONAL


}














OPTIONAL,


measResult






SEQUENCE {



rsrpResult






RSRP-Range





OPTIONAL,



rsrqResult






RSRQ-Range





OPTIONAL,



...,



[[
additionalSI-Info-r9



AdditionalSI-Info-r9

OPTIONAL


]],



[[
primaryPLMN-Suitable-r12


ENUMERATED {true}


OPTIONAL,




measResult-v1250




RSRQ-Range-v1250


OPTIONAL



]],



[[
rs-sinr-Result-r13




RS-SINR-Range-r13


OPTIONAL,




cgi-Info-v1310





SEQUENCE {









freqBandIndicator-r13



FreqBandIndicator-r11

OPTIONAL,





multiBandInfoList-r13



MultiBandInfoList-r11

OPTIONAL,





freqBandIndicatorPriority-r13

ENUMERATED {true}


OPTIONAL




}















OPTIONAL


]],



[[




measResult-v1360




RSRP-Range-v1360




OPTIONAL



]],



[[




cgi-Info-5GC-r15

SEQUENCE (SIZE (1..maxPLMN-r11)) OF CellAccessRelatedInfo-5GC-r15

OPTIONAL



]]


}

}
AdditionalSI-Info-r9 ::=


SEQUENCE {


csg-MemberStatus-r9



ENUMERATED {member}



OPTIONAL,


csg-Identity-r9





CSG-Identity





OPTIONAL

}

Apart from parameter additionalSI-Info obviously not applicable to NB-IoT, it needs to be clarified whether all highlighted parameters are applicable and whether additional information is needed.
Discussion point 3: Companies to provide their views on which information should be included in one ANR report for NB-IoT and indicate if there are differences between a) immediate measurements, b) deferred measurements based on cell reselection and c) deferred measurements based on strong cell detection
Table 3: Contents of ANR measurement record 
	Company
	Comment

	Huawei, HiSilicon
	Same information as LTE for the ‘measured’ (target) cell. 

· Carrier frequency

· physCellId
· cgi-Info, cgi-Info-v1310
· measurement results (RSRP, RSRQ)
In addition, as the reporting is deferred, additional information is needed:

· source cell: same set of information as the target cell

· time of the measurement - FFS

We assume that the reported information will be similar for all cases. The only difference being that for option a), the source cell is common for all reports.

	ZTE
	Based on our comments for Discussion point 1, we prefer that the measurement is recorded only when the UE reselects to a new serving cell, and the final record will be reported to eNB at the next RRC establishment/resumption or EDT procedure. Considering that cell reselection may be performed for several times, a measurement report list should be used.

Taken into account the source cell and target cell are involved during cell reselection procedure, in order to clearly track UE’s radio quality and the neighbor cell relationship changes, we think both the source cell and target cell information (cell identity and RSRP measurement results) and also the absolute time the cell reselection occurred should be reported. Because the UE knows the CGI-Info (e.g. selectedPLMN-Identity and CellIdentity) of the source cell before the cell reselection and knows the CGI-Info of the target cell after the cell reselection, and the CGI-Info can unambiguously identify a cell within a NW, recording only the CGI-Info in the ANR record is enough to identify the source cell and target cell.

For the other CGI info except selectedPLMN-Identity and CellIdentity, e.g. plmn-IdentityList, trackingAreaCode, freqBandIndicator, multiBandInfoList and freqBandIndicatorPriority, which are broadcasted per cell by eNB, the eNB can obtain these information by itself based on the reported selectedPLMN-Identity and CellIdentity. Therefore, we think other CGI info except selectedPLMN-Identity and CellIdentity are not necessary to be reported in ANR record.

Considering that in some cases, the UE may finds some strongest cells but fail to reselect to them before a successful reselection to a target cell, such strongest cells information during cell reselection procedure would be beneficial for network optimization and should also be reported. In this ANR report case, the UE needs to record the strongest neighbor cells. We think PhysCellId/carrierFreq info of these strongest neighbor cells are enough. Based on the CGI-Info of the serving cell and the reported PhysCellId/carrierFreq info, the neighbor cells can be identified unambiguously by the eNB. Moreover, the PhysCellId/carrierFreq info of the neighbor cells can be obtained during UE’s cell detection and no additional SI acquiring is needed. That means, there has no extra power consumption for such strongest cell ANR information recording. 

Based on the above comments, we give the following example for a ANR report list structure (we give an example name mobilityHistoryReport for the IE based on its meaning) and the information included in one ANR report:

mobilityHistoryReport-R16   MobilityHistoryReportList-NB-r16

MobilityHistoryReportList-NB-r16  ::= SEQUENCE(SIZE(1...maxMobilityHistoryReport-r16)) OF MobilityHistoryReportInfo-NB-r16

MobilityHistoryReportInfo-NB-r16

{

CellReselectionAbsoluteTime-r16   AbsoluteTimeInfo-r10,

sourceCellId-r16         CGI-Info-r16,

sourceCellRSRP-r16     NRSRP-Range-NB-r14,

targetCellId-r16          CGI-Info-r16,

targetCellRSRP-r16      NRSRP-Range-NB-r14,

strongestNbrCellList      StrongestNbrCellList-NB-r16    OPTIONAL

}

CGI-Info-r16 ::=

SEQUENCE {

selectedPLMN-Identity-r16
PLMN-IdentityInfo-NB-r13,

cellIdentity-r16



CellIdentity
},

StrongestNbrCellList-NB-r16  ::=

SEQUENCE (SIZE (1..maxNbrCell-r16)) OF   StrongestNbrCell-NB-r16  

StrongestNbrCell-NB-r16 ::=

SEQUENCE {
physCellId            PhysCellId,

carrierFreq           CarrierFreq-NB-r13,
measuredRSRP       NRSRP-Range-NB-r14

}



	Sequans
	On top of the LTE information, timestamp or elapsed time since the measurements execution is required.

	Ericsson
	We agree with Huawei on what should be recorded. We have a differing view when it comes to suggestion from ZTE to record every time while performing cell reselection. This may lead to large amount of logs and may as such not provide any useful information. It would be more meaningful to provide configuration where UE would detect strong cell and log that information. UE could be configured to use cell reselection interval to also perform ANR evaluations but only logs the information which is based upon strong cell. It may happen that UE performs cell reselection to that strong cell and record the CGI or it may happen that UE is not allowed to (not able to) perform cell reselection but if that cell is detected as strong cell persistently then the UE should record the CGI of that cell.

	GTO
	Reporting should consist of

-PhyCellId, 

- E-CGI 
- Carrier frequency
- measured RSCP, RSRQ

In addition folowing information could be provided:

· Source cell, as comparison value

· Time of measurment

· Whether Ue was in relaxed monitoring prior/after requested meaurements (i.e. being static)



	Lenovo
	The same information as LTE is needed, the benefit to explicitly record the time information of strongest cell measurement needs to be studied.

	Qualcomm
	For all approaches we think the following information is required for each neighbour cell report:

1. EARFCN

2. RSRP/RSRQ

3. ECGI

4. Serving cell RSRP/RSRQ

5. Indication of when the measurement was done: Immediately after ANR request, Immediately before ANR response, or between ANR request & response.

	
	

	
	

	
	


2.2 How and when to report ANR measurements

Security aspects
ANR measurement reporting will contain information on UE past location(s) and thus it is assumed that the information needs to be security protected. This cannot be handled by AS security for the CP solution.
Discussion point 4: Companies to provide their views on whether ANR reporting should be supported for the CP solution and if yes, how this could be done.

Table 4: ANR measurement reporting for the CP solution
	Company
	Comment

	Huawei, HiSilicon
	In general, as the CP solution is the most commonly deployed today, it would be desirable to support SON/ANR measurements for the CP solution.
If security protection is required, this means that the reporting should be done at NAS level. This would imply a change in the SON/ANR architecture and the feasibility should be checked with SA5. This would have impact on the NAS specification, impact and feasibility to be also checked with CT1.

	ZTE
	Taken into account that no UE identity is included in the ANR reporting, e.g., the intruder cannot mapping the past location(s) information with a specific UE, we think there has no strong concern on security issue for ANR reporting.

This is just initial thinking and we’d better ask SA3 for this issue.

	Ericsson
	We would not like to add complexity for the ANR reporting. ANR is more RAN oriented procedure so NAS/CN based solution should be avoided. CP solution may be complicated to handle if architecture change is required. Further, there can be privacy implication as SON data could contain UE location information. It is best to avoid this.

There are two security aspects:
#1) Encryption: This relates to subscriber privacy. Without encryption, past locations will be exposed. Exposure of past locations (regardless of presence/absence of UE identifier) is indeed a privacy threat and is unacceptable. You may refer to LS exchange with SA3 in the past. 

#2) Integrity/replay protection: This relates to sanity of reports. Without integrity/replay protection, it becomes “easier” for attacker to inject incorrect report to the network. So, attacks like SON poisoning, network node slandering become “easier”. 



	GTO
	Yes it needs to be supported to avoid privacy impacts. For security we can ask SA3.

	Lenovo
	It is benefit to support the ANR reporting in CP solutions, we’d better ask SA3 for this issue.

	Qualcomm
	First SA3 should be consulted to figure out if there is a security issue. If SA3 confirms, then request other groups (SA5, CT1) to define mechanism for SON/ANR with CP. When considering the architecture, SA5/CT1 also need to bear in mind connection to 5GC.

As a side note, SON/ANR should be a very rare event (i.e. during access network deployment or access network reconfiguration) hence the security issue is short lived. But having said this, location of NB-IoT UEs is fairly static hence even an ANR report can have security implications for a long period of time. Therefore, this security issue should not be taken lightly.

	
	


Procedure to report the measurement

At RAN2#104, it was agreed ‘SON reporting does not trigger RRC connection establishment/resume, FFS whether this includes EDT’.
In order to resolve this FFS, it should be discussed whether there are cases where the measurement reporting should be done in a timely manner and if yes, whether EDT procedure is appropriate
Discussion point 5: Companies to provide their views on the need for ‘timely’ ANR measurements reporting and whether EDT would be appropriate

Table 5: Need for ‘timely’ ANR measurement reporting
	Company
	Comment

	Huawei, HiSilicon
	We do not see any reason for ‘timely’ reporting, i.e. reporting at next connection is sufficient.

	ZTE
	We don’t think ‘timely’ neighbour cell relationship update is so important for NB-IoT network since there are not much UE with high mobility. And we are more concerned about the extra UE power consumption cause by the ‘timely’ ANR measurements reporting. 
Therefore, we also think ‘timely’ ANR reporting is not necessary, e.g., we don’t need to deliberately trigger RRC connection/resumption or even EDT for only ANR reporting.

	Sequans
	The answer to this discussion point depends on the preferred measurement method.

· For method b, based on cell reselection it is not applicable

· For method c, based on deferred measurements, our view in discussion point 1.c was that the UE defers the measurements until the next connection establishment. It then naturally follows that the UE ANR report does not trigger connection establishment since it is the other way around. The connection establishment (or EDT transmission) which is done for an unrelated reason also triggers the ANR/SON measurements

· For method a, immediate measurements, we argue that immediate reporting with EDT would preserve power rather than consume more power

· The eNB receives the outcome of the measurements immediately. it can then quickly adjust the black list, and the amount of required reports accordingly.  If the results are received in the next connection that could be several hours or even several days later, the eNB is forced to configure more reports to compensate for the uncertainty factor of how many valuable reports would be eventually received. The bottom line is that each UE would be asked to provide more reports on average.
· With EDT immediate reporting there is an overhead of additional RA procedure. However, this would be the uncommon case. In most cases the black listing, and perhaps other restrictions would prevent the ANR reporting altogether. In other words, on average, most of the power overhead is caused by the ANR/SON measurements rather than by the ANR/SON reporting 

	Ericsson
	ANR will not be triggered very often. Only certain percentage of population of UE in a cell is expected to be configured for ANR performance measurement and reporting. So, the overall overhead should be low.

In some cases, NB-IoT device may have to wait for very long duration before being next in connected mode. Thus, a response time or measurement expiry time would be needed so that UE responds within certain duration of being configured to perform ANR results.

We agree with Sequans that UE may use EDT to report however it does not have to be very immediate. UE can wait until next data connection until the expiry of response time, if there is any data activity UE can similar to legacy procedure in LTE using msg5 it can flag the NW that it has ANR result. The NW can then use UE similar to LTE existing procedure UE Information Request/Response to retrieve the ANR result.

If there is no data activity during the response time, UE can use the EDT procedure to send the report.

Regarding EDT, we do not prefer that UE appends the ANR result with the Data mainly because

a) The EDT UL grant may not fit the data and report

b) Complexity on the eNB to segregate the data and ANR report

However, if UE wishes to use EDT to report just for ANR, it is easier for eNB to extract the result from the NAS data container.



	GTO
	Reporting can be done at next connection. No need seen for timely reporting.

	Lenovo
	We have similar view to Sequans, it is associated to the specific options.

· For option.a and option.c, it is better to report the ANR in a limited time, which could help eNB to adjust the parameter on time and avoid the unnecessary power saving to other UE who also make ANR reporting, especially to the UE in the same area. Thus, the EDT with benefit of power saving could be used to for ANR reporting 

· For option.b, timely ANR reporting is not available.


	Qualcomm
	Similar view as Huawei, as long as eNB can have some indication when the report was done, precise timing is not relevant. 

	
	

	
	


In the contributions submitted at RAN2#104, there were a number of proposals for the reporting of ANR measurements, e.g.:
· reusing LTE UEInformationRequest/ UEInformationResponse procedure

· new mechanism for reporting, e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete or RRCConnectionReestablishmentComplete, EDT 
Discussion point 6: Companies to provide their views on which procedure(s) and message(s) can be used to report ANR measurements. Please indicate if there are differences between the UP and CP solutions.
Table 6: Procedure(s) for ANR measurement reporting
	Company
	Comment

	Huawei, HiSilicon
	For the UP solution:

ANR measurements reporting should be an infrequent event so there is no need to optimise the procedure for the purpose of power consumption. As security is required, we think that the UE information procedure is suitable.
W.r.t to enable reporting with the EDT procedure when there is ‘space’ available, we think this would add unnecessary specification work and UE complexity and should not be supported,
For the CP solution: we need information for SA5 and CT1 before discussing details but we think a similar approach could be used.

	ZTE 
	We prefer new mechanism for reporting, e.g. RRCConnectionSetupComplete, RRCConnectionResumeComplete or RRCConnectionReestablishmentComplete, and EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest). 

Generally to say, this new mechanism can make full use of the chance during RRC connection establishment/resumption/early data transmission and avoid additional PDCCH/PDSCH monitoring for UEInformationRequest/ UEInformationResponse messages. And more specific, if the UE triggers EDT procedure for data transmission, there would have no the UEInformationRequest/UEInformationResponse messages and then it’s impossible to reuse LTE procedure for ANR reporting.

As EDT procedure is very power efficient and supports large capacity in Msg3 and Msg4, we prefer try to report SON/ANR information along with EDT. Generally, if the related measurement results are not too large and can be accommodated in EDT Msg3 (e.g. total transmitted bit size is not over the EDT Msg3 TB size), SON/ANR information can be carried over EDT Msg3 (e.g. RRCEarlyDataRequest, RRCConnectionResumeRquest). Otherwise, UE can just include SON/ANR information available indication in EDT Msg3, which will trigger the eNB to fallback to legacy procedure for complete ANR reporting.

	Sequans
	In most cases the ANR configuration would not result with ANR reporting e.g. due to blacklisting and other restrictions, and there for the UEInformationRequest/ UEInformationResponse procedure which is triggered by the eNB is not suitable since the eNB has no knowledge if the UE has an available report or not.

A new mechanism that allows the UE to piggyback the report with the EDT message or with the finalization of the connection establishment procedure is preferred. 

	Ericsson
	We think that UEInformationRequest/UEInformationResponse procedure could be reused for this purpose. The UE could indicate to the network about having stored ANR measurement results in Message 5 of the random access procedure for RRC resume. When the random access procedure is completed, the network sends the UEInformationRequest message, and the UE responds with UEInformationResponse message with the ANR measurement results.

We also agree with Huawei that EDT procedure when there is ‘space’ available, would add unnecessary specification work and UE complexity and should not be supported.

The preference should be given for using the legacy 

UEInformationRequest/UEInformationResponse procedure.

	GTO
	We agree with Huawei, no need for optimization. New mechanism would add further complexity.

	Lenovo
	The new mechanism for reporting by piggyback to  RRCConnectionSetupComplete, RRCConnectionResumeComplete or RRCConnectionReestablishmentComplete, or by EDT is desired for power saving, but we think the request/response mechanism may be reused in above procedure.

	Qualcomm
	Agree with Huawei, GTO, Ericsson, Lenovo that UE information request/response framework should be introduced to NB-IoT for reporting of ANR reports. “Timely” reporting is not critical.

	
	

	
	


Validity time of ANR measurements: 

It is assumed that, similar to LTE, the UE will only report the ANR measurements when connected in a cell where the RPLMN belongs to the PLMN list stored at the time of configuration, which means that the ANR measurements cannot always be reported when the UE establishes/ resumes a connection. In addition, some NB-IoT devices may connect very unfrequently, e.g. once a day. This raises the question of how long the UE should keep the ANR measurement records.

Discussion point 7: Companies to provide their views on whether a validity time should be defined for the UE to keep the ANR measurements, and if yes how this validity time is defined/ provided.
Table 7: Validity time of ANR measurements
	Company
	Comment

	Huawei, HiSilicon
	We think it is beneficial to have a ‘validity’ time to avoid keeping the measurement indefinitely in the UE (e.g. if it has changed RAT or PLMN) or reporting out dated information. 
The time does not need to be configurable, it can be fixed to 48 hours, same as LTE.

	ZTE
	We think the validity timer is not necessary.

According to the RAN2#104 agreements, the purpose of SON/ANR reporting in NB-IoT is network optimisation rather than immediately updating neighbour relations. Then we think sufficient and complete ANR measurements information would be more valuable than the information that is timely updated in which some items may be removed due to expiration.
As commented in Discussion point 5, companies think ‘timely’ SON/ANR reporting is not needed. That already means the reporting delay is tolerable and out dated information is acceptable.

Moreover, based on our preference for Discussion point 1, the ANR measurement results are recorded only for cell reselection procedure. Taken into account the low mobility of NB-IoT device, we think the size of the measurement result record would be small in most of time and then timely update for the record list is not necessary. 

	Sequans
	The answer to this discussion point depends on the preferred measurement method.

· For method a, immediate measurements, we think that the reporting should also be immediate as explained in our answer to discussion point 5. It is then not necessary to have a validity timer.

· For method b, based on cell reselection it is beneficial to have a ‘validity’ time to avoid keeping the measurement indefinitely in the UE

· For method c, based on deferred measurements, our view in discussion point 1.c was that the UE defers the measurements until the next connection establishment (at least for MT applications). It is then not necessary to have a validity timer since the report is sent immediately after the measurements.

	Ericsson
	It would be useful to have a time period defined for the measurements, as too outdated results are not useful and may even give false information. This could either be fixed or configurable by the network, when first configuring the measurements.

	GTO
	UE receives “measurement” configuration in dedicated, is released to idle. UE performs reporting next time being in connected. A reasonable time for receiving the answer is important from network perspective, as sometimes subsequent configuration tests are done. And otherwise it may take long till all reports concerning certain configuration are received

However, from UE perspective there are many devices which have limitations concerning power consumption, for those devices it would be important to combine reporting with the normal next RRC connection setup. Whilst for devices which are e.g. subsequently recharged or do not have a limitation on power reporting at shorter time would be feasible.

To cope with this situation we propose to include a time in the measurement configuration up to which the network would expect a reporting from the UE. It is not important that all devices report, giving the mixture of applications and deployment scenarios there would be a reasonable number of devices which have no hard limits or constraints for reporting within said time.



	Lenovo
	A validity time is better to be defined for the UE to keep the ANR measurements, when the time is over, UE needs to report the ANR measurement. Otherwise, it is insignificant for SON if UE reports the ANR measurement in a long time, the ANR measurements may be out of date.

	Qualcomm
	We think UE should not be required to establish an RRC Connection (or initiate EDT session) solely for the purpose of ANR reporting. Therefore, any mechanisms where UE shall transmit such report after expiry of a “timer” should be avoided.

When the maximum number of records is limited, there is no issue of UE having to store infinite number of records. Furthermore, network can decide from UE subscription when UE is likely to report next and only select UE if it will establish subsequent RRC connection in a short period. For example, A UE that reports once every 7 days would not be suitable for SON/ANR if eNB needs the information within the next 24 hours. But there is no need to set time limit to the UE for sending the SON/ANR report. Therefore, we do not see a need for validity time.

	
	

	
	


2.3 ANR measurements configuration

Procedure for ANR measurement configuration
In the contributions submitted to RAN2#104, most companies assumed that the configuration will be provided by dedicated signalling. 

There is different ways to do this, e.g. piggybacked in an existing message (e.g. RRCConnectionRelease) or via a specific message (e.g. ANRMeasurementConfiguration). EDT may also need to be considered.

Discussion point 8: Companies to provide their views on which procedure, message to use to provide the ANR measurement configuration via dedicated signalling. Please indicate whether there are difference for the CP and UP solutions.
Table 8: Procedure for ANR measurements configuration
	Company
	Comment

	Huawei, HiSilicon 
	Same as for discussion point 6, ANR measurement configuration will be an infrequent event and thus there is no need to optimise the procedure for the purpose of power consumption.
We also think we should only have single procedure for this purpose, and the procedure being common to the CP and UP solution. 
Based on the two observations above, we propose to introduce a specific procedure, e.g. LoggingMeasurementConfiguration (same as in UMTS) or LoggedMeasurementConfiguration (same as in LTE MDT)

	ZTE
	In order try to reduce the signaling overhead and save UE power, we prefer ANR measurements configuration should be piggybacked in an existing message. As the ANR configuration is used by UE in RRC_IDLE, it’s obvious RRCConnectionRelease/RRCEarlyDataComplete are the suitable messages.

Furthermore, a specific dedicated message (e.g. ANRMeasurementConfiguration) cannot be used for EDT procedure, that’s another reason why a specific message is not wanted.

We think there has no difference, either between CP and UP procedure, or between EDT and RRC connection establishment/resumption procedure.

	Sequans
	ANR configuration can be done either with broadcast signaling or dedicated signaling. 

For the dedicated case, since ANR measurements are executed in idle mode. It is preferred to include the configuration with RRCConnectionRelease message.  

The dedicated configuration does not expire with connection establishment. At least as long as the UE is served by the configuring eNB.

	Ericsson
	The network provides the configuration for the UE upon releasing to idle mode, therefore it would be natural to include the configuration into an RRCConnectionRelease message.

	GTO
	Dedicated measurement configuration is preferred along the lines specified for LTE/UMTS MDT.

	Lenovo

	For non-EDT procedure, it is power saving and less impact on specification to piggyback in an existing message in RRC connection establishement/resumption procedure.

For EDT procedure, considering ANR measurement is performed in UE IDLE procedure, the last message from eNB in EDT procedure is better to be used to configure ANR measurement.

	Qualcomm
	For configuration, see answer to Q9 and Q10. For reporting, see Q6.

	
	

	
	


Discussion point 9: Companies to provide their views on which parameters are provided as part of the ANR measurements configuration. Please indicate whether there are difference for a) immediate measurements, b) deferred measurements based on cell reselection and c) deferred measurement based on strong cell detection.
Table 9: Parameters for ANR measurements configuration in dedicated signalling
	Company
	Comment

	Huawei, HiSilicon
	Based on the answers to discussion point 2

For all options,:

· List of frequencies where to perform ANR measurements.

· Absolute/ relative RSRP threshold below which the UE does not acquire the CGI info

Then, for option a), possibly blacklist of cells (cells already known by the eNB).

	ZTE
	Based on our preference for approach b) and comments for Discussion point 2, only an ANR report control indication, e.g., measurement activation indication is needed in this approach. Whether an explicit deactivation indication is needed can be later discussed. For other information, it can be just based on the cell reselection related parameters.

More configuration would be needed for the other two approaches:

· For immediate (periodical) measurements in approach a), as it’s for independent ANR measurement, we think at least the measurement area or measurement objects, measurement duration and measurement interval between two continuous measurements are needed. Such necessary information may lead to large measurement configuration. 

· For measurement based on strong cell detection in approach c), similar with the approach a), the measurement area or measurement objects, measurement duration and measurement interval between two continuous measurements would be needed in order to avoid too much measurements. Moreover, the rules for strong cell detection, e.g. the deltaRSRP and duration for deciding strongest cell (in order to avoid strongest cell ping-pong changes) may be also needed.

	Sequans
	Based on our answer to discussion point 2:

· The list of frequencies to measure. 

· Blacklist of cells, per frequency, to be excluded from SON/ANR measurements and reporting

· Optionally a white list of cells can be provided to prioritize cells the NW has special interest in (i.e. even if there is a stronger cell in the same frequency).

· Absolute RSRP threshold below which the UE does not acquire the CGI info

· Assuming the dedicated configuration does not expire with connection establishment, at least as long as the UE is served by the configuring eNB. A counter value N can be configured such that the UE is required to provide SON/ANR reporting only once every N successful connection establishments or after successfully transmitting of N bytes.

	Ericsson
	We think that NW should provide the measurement thresholds that would qualify that the strongest cell has been detected. The strong cell detection should have thresholds or criteria/margin than the normal thresholds required for cell reselection. The configuration to qualify for strong cell detection could compromise of:

· absolute or relative threshold for neighbour Cell compared to the serving/camped cell, additional offset for neighbour Cell relative cell reselection thresholds 

Further strong cell detection should not be just impulse or momentarily, but UE should be able to detect it a bit more persistently, so configuration may include

· number of detections of an neighbour Cell meeting the threshold, time period when neighbour Cell detection shall be performed

When Immediate measurement is configured, NW may configure

· DRX cycles to use when the neighbour Cell measurements are to be performed


Further, 

· whitelist of PCIs which are the only ones that shall be logged

·  blacklist of PCIs that shall not be logged

·  only log PCI of neighbour Cells (not CGI, PLMNs etc) = yes/no

·  frequencies on which neighbour Cell detection shall be perfomed

·  PLMNs for which neighbour Cells shall be logged



	GTO
	Same as discussion point 2. List of frequencies to be provided which UE should scan. Also the min level below which UE should not do any measurements. In addition to that, Black list where measurements should not be done.

	Lenovo
	The following information is used in ANR measurements configuration:
· carrier frequency to be measured for ANR
· possible cells in white list that network is very interesting in

· possible cells in blacklist that network has already established the ANR with.


	Qualcomm
	In our view, the only parameter necessary to be provided to the UE is the threshold for reporting (i.e., below which the UE should not do measurements/reporting). The UE neighbor cell lists can be used from SIBs and no need to include in dedicated signaling. This way, the configuration could fit into RRCConnectionRelease/Suspend message.


In addition to ANR configuration provided in dedicated signalling, there may be some need for some indication in system information broadcast.

Discussion point 10: Companies to provide their views on whether some parameters need / can be provided in system information and which one(s)

Table 10: Parameters for ANR measurements configuration in system information
	Company
	Comment

	Huawei, HiSilicon
	In general, we think the configuration should be entirely provided in dedicated signaling. However, depending of the procedure chosen for measurement reporting, an indication maybe needed, e.g. in SiB2, to enable the reporting in the cell /CN (for the CP solution).
Note that though not added information, we think that the intra-frequency and inter-frequency lists can be used to exclude cells for ANR as these cells are already known at the eNB.

	ZTE
	We think ANR configuration through dedicated message is enough. The broadcasted enable indication is not suitable as many UEs would be triggered for ANR reporting and redundant reporting information would cause unnecessary signaling overhead.

	Sequans
	We see some merits in supporting broadcast configuration

· As agreed the purpose of SON/ANR reporting in NB-IoT is network optimisation rather than immediately updating neighbour relations and is therefore not time critical. Therefore, the configuration would be rather static and normally a broadcasted configuration can be used for this purpose.
· SIB4-NB, SIB5-NB, may be reused for indication of required ANR report

· If a frequency is accompanied with a blacklist (or a whitelist) then an ANR report is configured for this frequency

· SON/ANR reporting should be provided by all supporting UEs, to achieve both good SON/ANR coverage and fairness. However, it is obvious that not all the UEs need to perform SON/ANR measurements all the time (in each idle mode period), to achieve minimum impact on battery lifetime a simple mechanism with light signaling can be put in place to limit the amount of SON reporting and spread the reporting load in a smart way. See our answer to point 2.

	Ericsson
	We agree that dedicated signaling is more suited. We can however see the feasibility of broadcasting Black/white cell list if any.

	GTO
	In general two ways are possible either via dedicated signalling or via broadcast. Broadcast based signalling would reach more devices at one but has severe drawbacks. In NB-IoT (and Cat-M) several features were introduced to reduce the necessity of subsequent BCH reading (extension of the validity time, per SI change indication, MIB indication for changes in SIB1). In case signalling would be done via BCH, the change of the content of the broadcast would impact also UEs not supporting ANR/SON measurements i.e. legacy devices furthermore UEs not supporting said feature by causing all these devices to read the broadcast or at least SIB 1 again. In case of MIB indication for the SIB1 these would even mean subsequent reading of SIB1 for entire validity time. 

Moreover signalling via BCH would also have negative impact on the feature itself, i.e. subsequent changes  in the network configuration need to be spaced at least for max eDRX and it would address all devices even also those which due to their current position/coverage condition only can contribute little to the ANR/SON network optimization.

As a consequence dedicated signalling is preferred, whereas the signalling is valid for only one reporting cycle.



	Lenovo

	We think dedicated signaling is necessary and efficient, no extra system information for ANR is needed. The reason is as follows,

If ANR measurement configuration is broadcasted in system information, once the network configure the updated interesting frequency, black list of cell, and white list of cell, all of the UE in the cell needs to read the system information for system information updating, which is power wasting, maybe some of UE are not yet configured with the ANR measurement and they have to read it.

	Qualcomm
	Dedicated signaling is appropriate and sufficient. No additional broadcast information necessary for SON/ANR. eNB would only trigger SON/ANR if both eNB and UE supports it.


2.4 Other

Please indicate below any other aspects that have not been covered above.
Table 11: Other aspects
	Company
	Comment

	Huawei, HiSilicon 
	1. We need to limit the number of ANR records stored in the UE, we propose 4 same as in UMTS. When the maximum is reached, the UE stops ANR measurements.

2. We have a strong preference for option b) as it is simple and has very limited impact on UE measurements and power consumption.

	ZTE
	We agree with Huawei for the #2 comment.
For Huawei’s #1 comment, we also think the number of ANR records should be defined and the exact value can be further discussed. But we don’t think UE needs to stop ANR measurement when the maximum is reached. UE can just replace the oldest record with the latest one.

	Sequans
	Typical NB application is geo stationary; therefore, it is unwise to rely only on mobile NB-IoT UEs to provide SON/ANR functionality. We think option b could be a nice add on top of one of option a or option c.

	Ericsson
	We agree with Sequans. That is why we think immediate measurement based upon strong cell detection would be appropriate. Further, there should be a response time that should be set so that UE responds during that time even when no ANR measurement is logged. The response time can be however be fairly relaxed so that there is a chance of any data activity for the UE to report the result.

However, if UE would like to perform immediate reporting using EDT procedure, that is also apt from NW point of view.

	Lenovo
	For SON ANR reporting, we prefer the option.a or option.c, thery are more efficient to find a new cell or to perform the network optimization, since UE with option.b will restrict needed ANR measurement based on NB-IOT cell reselection rule.

	Qualcomm
	Agree with both comments from Huawei. Additionally, as long as eNB can have some indication when the report was done, precise timing is not relevant. Therefore, we think UE should also include an indication of when the measurement was done, which does not need to be as precise as a timestamp, but a simple indication such as measurements were done immediately after receiving the request or immediately before transmitting the report. When exactly is the measurement done should be left up to the UE.


3 Summary 
Seven companies contributed to the email discussion: Huawei/HiSilicon, ZTE, Sequans, Ericsson, Gemalto, Lenovo and Qualcomm. 

3.1 How and when to perform ANR measurements

3.1.1 Measurements method
Option a) Immediate measurements
Five companies think that the UE performs the measurements only once. Among them, two companies think the UE performs the measurements when entering idle mode and the three other companies think it can be left to the UE when to perform the measurements

Two companies think that after entering idle mode, the UE performs the measurements periodically for a duration configured by the network, i.e. similar to MDT in LTE. 

Option b) Deferred measurements based on cell reselection

Most companies understand that in this approach the UE does not perform additional measurements for ANR and only records the cell it reselects to. 

Two companies think the approach could be enhanced by requiring the UE to ignore relaxed monitoring and s-IntraSearch/ s-InterSearch, 

Four companies find the approach attractive as it is power efficient. 

Three companies think this approach is not sufficient as the UE may never reselect because the serving cell is good enough or the strong cell is barred. 

Option c) Deferred measurements based on strong cell detection

Two companies understand that in this approach the UE performs additional measurements for ANR in conjunction with cell reselection measurements. 

One company understands that in this approach the UE performs continuously additional measurements for ANR.

Two companies understands that in this approach the UE performs the measurements independently of the cell reselection measurement and can differ the measurement to just before access.

One company think that we should reuse measurements done for cell reselection as much as possible and avoid additional measurements for ANR.

Summary:

Based on the above there is no common understanding or consensus on the approach to perform ANR measurements. 

Based on the comments in section 2.4, four companies are in favour of option b) but one company not for option b) alone, two companies are in favour of either a) or c) and one company in favour of option a).

Proposal 1: RAN2 to discuss and agree on one method for ANR measurements.

3.1.2 Restriction on when to perform measurements
Note that the question was about how to limit the amount of measurements and not about which parameters should be provided in the configuration, so parameters about response time or expiry are not discussed here:

Most companies have highlighted that it may depend of which measurement approach is selected.

· Carrier frequency(ies) on which to perform the measurement: Four companies think it is needed. Two companies think it is not needed for the cell reselection based approach

· Blacklist / white list: Four companies think it is needed. Three companies think it is not needed for the cell reselection based approach.

· Absolute RSRP threshold below which the UE does not acquire the CGI info: Four companies think it is needed. One company think it is not needed for the cell reselection based approach.

· Duration: Three companies think it is needed. One company thinks it is only needed in approach c).
· CEL of the UE: two companies  thinks it is needed

Based on the above, we have the following observations and proposal:

Observation 1: For measurement approach a), Carrier frequencies, Blacklist, Whitelist, RSRP threshold below which the UE does not acquire the CGI info, are used to restrict the amount of measurements.
Observation 2: For measurement approach b), only RSRP threshold below which the UE does not acquire the CGI info is used to restrict the amount of measurements.

Observation 3: For measurement approach c), Carrier frequencies, RSRP threshold below which the UE does not acquire the CGI info, duration are used to restrict the amount of measurements. FFS blacklist/WhiteList.

Proposal 2: RAN2 to discuss if a RSRP threshold of the serving cell is used to restrict the amount of measurements. 

3.1.3 Contents of the measurement records
All companies agree with at least the same contents as LTE (carrier frequency, PCI, CGI-info, RSRP/RSRQ) for the measured cell.

Proposal 3: Carrier frequency, PCI, CGI-info, RSRP/RSRQ of the measured cell are included in the ANR record.

All companies proposed to include RSRP/RSRQ of the serving cell and two companies propose to also include carrier frequency, PCI, CGI-info.

Proposal 4: RSRP/RSRQ of the serving cell are included in the ANR record.

Proposal 5: RAN2 to discuss inclusion of Carrier frequency, PCI and CGI-info of the serving cell in the ANR record.
Most companies propose to include an indication on when the measurement was performed. Two companies questioned the need for an explicit time information

Proposal 6: An indication of when the measurement was performed is included in the ANR record

3.2 How and when to report ANR measurements

3.2.1 Security aspects
All companies agree that if ANR is supported for the CP solution, then SA3 should be consulted. 

Two companies think it may be beneficial to support ANR for the CP solution and one company would prefer to keep things simple at RAN level. 

Proposal 7: RAN2 to discuss if ANR for the CP solution is desirable and if yes, send a LS to SA3 to ask about security aspects

3.2.2 Procedure to report the measurement
Timely reporting of ANR measurements

Four companies think timely reporting is not needed as long as an indication of when the measurement is performed is included.

One company thinks that for approach a), immediate reporting is preferable for power consumption

Three companies think the measurements should be reported within a configurable time limit.

Proposal 8: RAN2 to discuss the need for a time limit for ANR measurement reporting.

Procedure for ANR measurements reporting

Five companies think there is no need to optimise for power consumption and that UE Information Request / Response framework should be used.

Two companies prefer to piggyback the ANR report to EDT or to the establishment/ resume complete message

Proposal 9: ANR measurement reporting is done using the UE Information Request / Response framework. 
Validity time of ANR measurements 

It seems that the question was misunderstood. It was about discarding the measurements if not reported (e.g. because the UE has changed PLMN) and not about ‘timely reporting’ which was discussed in the previous point.

Proposal 10: RAN2 to discuss whether the UE should discard the ANR report after some time if it was not reported.

3.3 ANR measurements configuration

Procedure for ANR measurement configuration

Two companies prefer to use a ‘specific’ message same as in UMTS. The other companies prefer to use RRCConnectionRelease message. Two companies propose to include also in RRCEarlyDataComplete message

Proposal 11: ANR configuration is provided in RRCConnectionRelease message.

Parameters for ANR measurements configuration in dedicated signalling

All companies refer to the answer to discussion point 2, covered by observations 1, 2, and 3 and proposal 2.

One company proposes additional parameters.

One company proposes that the ANR configuration survives connection establishment.

Proposal 12: RAN2 to discuss whether parameters other than the ones in observations 1, 2 and 3 and proposal 2.
Parameters for ANR measurements configuration in system information 

Six companies think dedicated signaling is appropriate and sufficient. Three companies think it could be considered to use system information for the provision of the white / black cell list. 

Proposal 13: Dedicated signalling is used to provide the ANR measurement configuration.

Proposal 14: RAN2 to discuss whether system information could be used to provide white / black cell list. 
4 Conclusion 

In this email discussion, we discussed the measurements method, configuration, reporting for SON ANR.

The following observations and proposals summarises the outcome.
Measurements method

Proposal 1: RAN2 to discuss and agree on one method for ANR measurements.

Restriction on when to perform measurements

Observation 1: For measurement approach a), Carrier frequencies, Blacklist, Whitelist, RSRP threshold below which the UE does not acquire the CGI info, are used to restrict the amount of measurements.
Observation 2: For measurement approach b), only RSRP threshold below which the UE does not acquire the CGI info is used to restrict the amount of measurements.

Observation 3: For measurement approach c), Carrier frequencies, RSRP threshold below which the UE does not acquire the CGI info, duration are used to restrict the amount of measurements. FFS blacklist/WhiteList.

Proposal 2: RAN2 to discuss if a RSRP threshold of the serving cell is used to restrict the amount of measurements. 

Contents of the measurement records

Proposal 3: Carrier frequency, PCI, CGI-info, RSRP/RSRQ of the measured cell are included in the ANR record.

Proposal 4: RSRP/RSRQ of the serving cell are included in the ANR record.

Proposal 5: RAN2 to discuss inclusion of Carrier frequency, PCI and CGI-info of the serving cell in the ANR record.
Proposal 6: An indication of when the measurement was performed is included in the ANR record

Security aspects

Proposal 7: RAN2 to discuss if ANR for the CP solution is desirable and if yes, send a LS to SA3 to ask about security aspects

Procedure to report the measurement
Proposal 8: RAN2 to discuss the need for a time limit for ANR measurement reporting.

Proposal 9: ANR measurement reporting is done using the UE Information Request / Response framework. 
Proposal 10: RAN2 to discuss whether the UE should discard the ANR report after some time if it was not reported.

ANR measurements configuration
Proposal 11: ANR configuration is provided in RRCConnectionRelease message.

Proposal 12: RAN2 to discuss whether parameters other than the ones in observations 1, 2 and 3 and proposal 2.
Proposal 13: Dedicated signalling is used to provide the ANR measurement configuration.

Proposal 14: RAN2 to discuss whether system information could be used to provide white / black cell list. 
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