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1. Introduction
In the last NB-IoT Adhoc meeting, proposals to support measurements reporting [1,2,3] were briefly discussed.  This paper addresses the use cases that necessitate and benefit from UE measurement report, clarifies the necessary radio measurements to be reported, and proposes to support measurement configuration and reporting taking into account battery consumption.
2. Discussion
2.1 Use cases and measurements to be reported
Discussion on NB-IoT focuses to cut off the legacy functionalities in order to realize a low complexity, battery saving effective UE. In performing functionality reduction exercise, RAN2 needs to be careful to not extremely throwing away essential legacy functionality, such as measurement reporting capability.  The use cases that would benefit and require the support of measurement reporting are the following:

1. Network quality  configuration and trouble shouting 
Utilizing UE measurements report to understand network quality based on RSRP, RSRQ is a basic operation in the cellular network to understand the changes in UE surrounding that are affecting UE’s radio quality so that the operator can reconfigure the network accordingly, i.e., add base stations, changing tilts and parameters, etc.. 
2. Re-direction for load balancing

Different kind of NB-IoT deployments including inter frequency deployment are foreseen. Depending on the number of NB-IoT UEs, which is foreseen to be quite large, and the possibility of allocated frequencies for NB-IoT usage, re-direction for load balancing purpose may be beneficial. One may argue that blind redirection can be performed blindly. For NB-IoT in which battery resource is extremely precious, it would be less power consuming to re-direct the UE based on the UE measurements report. Therefore, for this purpose, RSRP and RSRQ report of the serving and neighbour cells are beneficial.
Observation 1: 
RSRP and RSRQ report is necessary to understand network quality and to enable measurement based re-direction.
3. Positioning

In the last RAN2 NB-IoT adhoc meeting, there were a lot of interests from operators for the support of positioning for NB-IoT UE. However at the same time, positioning mechanism is required to NOT adding complexity and battery consumption of the NB-IoT UE.

Reviewing the the main three C-plane based positioning mechanism defined in LTE (i.e., OTDOA, A-GNSS and E-CID), E-CID is foreseen to be the one that best suited for NB-IoT UE. RRC messages and procedures is used to convey E-CID radio measurements, meaning there is no additional cost for the UE to support different protocol (e.g., LPP, SUPL, etc.) specifically for positioning.
E-CID positioning requires the following information/measurements:

· E-CGI (Global Cell ID) – may utilize information with the network (mapping of PCI with E-CGI in the eNB or MME)

· ue-RxTxTimeDiff  to calculate Timing Advanced type 1 –UE measurements and report are required

· Timing Advanced type 2 – eNB measurements is required
· AOA (Angle of Arival) – eNB measurements is required
· Serving and neighbour cell RSRP/RSRQ – UE measurements and report are required

If UE measurements report is not supported, the only certain information is E-CGI. This would result into location information with very bad accuracy, as big as the size of the cell, and therefore this can NOT be considered as valid location information. Even with addition of Timing Advanced type2 which would help to identify in which radius circle the UE may be located within a cell, the accuracy may not be enough especially if the cell/sector is quite big. The accuracy can be improved with Timing Advanced type 1 and with serving and neighbour RSRP/RSRQ measurements. By providing all the available ECID measurements, the location information that can be provided to NB-IoT UE is location information with accuracy comparable to the one provided for the services using E-CID mechanism in the legacy network.  

Observation 2:
E-CID positioning mechanism is foreseen to be the best candidate o mechanism for NB-IoT.

Observation 3: 
Without UE measurements reporting, E-CID measurements are not complete and usable location information may be difficult to be obtained.
Proposal 1:
RSRP and RSRQ measurements report from NB-IoT UE should be supported.
Proposal 2:
E-CID positioning should be supported for NB-IoT UE

Proposal 3:
The following E-CID measurements report from NB-IoT UE should be supported:

· ue-RxTxTimeDiff
· RSRP and RSRP of serving cell and intra/inter neighbour cells.

2.3 Signalling support for UE measurements report
RSRP, RSRQ measurement in RRC_CONNECTED

In the present RRC specification, as shown below, the measurements described in the previous clauses (i.e., RSRP, RSRQ from serving and neighbour cells and also E-CID related measurements) can be reported by using Measurement Report message including MeasResults. The configuration can be performed by using RRCConnectionReconfiguration message including the relevant measConfig. The same measurement configuration and reporting mechanisms can be applied for NB-IoT UE.  
-- ASN1START
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During the discussion in the last meeting, some companies mentioned about the possibility to use LPP as protocol to support positioning for NB-IoT. As shown below, since LPP specification supports E-CID positioning method, E-CID measurements is of course can be conveyed via LPP.

–
ECID-ProvideLocationInformation
The IE ECID-ProvideLocationInformation is used by the target device to provide E‑CID location measurements to the location server. It may also be used to provide ECID positioning specific error reason.

-- ASN1START

ECID-ProvideLocationInformation ::= SEQUENCE {


ecid-SignalMeasurementInformation
ECID-SignalMeasurementInformation

OPTIONAL,


ecid-Error






ECID-Error







OPTIONAL,


...

}

-- ASN1STOP

From the above description, it is clear that to support E-CID positioning method for NB-IoT UE, the following two issues need to be separately discussed:

Issue 1: the UE measurements necessary to perform the necessary E-CID measurements 

Issue 2: how the UE convey those UE measurements, i.e., via RRC and/or via LPP

For issue 1, as discussed in section 2.1, in order to obtain “usable” location information, it is clear that UE measurements specified for E-CID mechanism needs to be supported. These measurements in the UE are needed irrespective to what protocol used to transport the UE measurements. UE measurements that have been discussed for NB-IoT UE are mainly for IDLE measurements. With the understanding that performance requirement for CONNECTED measurements is different from IDLE measurements, the feasibility of supporting CONNECTED measurements, specifically RSRP, RSRQ and ue-RxTxTimeDiff should be discussed, and if necessary should be consulted with RAN4. 
Proposal 4:
The feasibility of CONNECTED measurements (specifically RSRP, RSRQ and ue-RxTxTimeDiff) from performance requirement perspective should be discussed and consulted with RAN4.

For issue 2, support of LPP in NB-IoT UE can be considered as UE implementation matter. The LPP specification already exists and there is no additional specification work necessary to enable its support for NB-IoT UE. This situation is similar for the support of RRC measurement reporting in UP solution. The RRC procedures and messages for UE measurement reporting already exist and no additional specification work is necessary to enable its support for NB-IoT UE with UP solution. One aspect that needs to be considered is additional cost in the UE and the NW if only LPP option is allowed for NB-IoT. Considering that not all network supports LPP, only allowing LPP for NB-IoT positioning would bring significant cost network impact to the operator. For NB-IoT, the operator should be able to reuse existing network infrastructure for positioning. The UE impact of implementing LPP (and other positioning protocol, e.g., SUPL) cannot be considered as small since it will surely increase the NB-IoT UE cost.
Proposal 5:
For UP solution, the legacy measurement configuration and reporting mechanism, i.e., RRCConnectionReconfiguration with the concerning measConfig, and Measurement Report including MeasResults, is supported for NB-IoT UE with UP solution.
Furthermore, there may be concern on power consumption due to measurement reporting. With today’s NW controlled measurements reporting mechanism, NW can limit the number of measurements reporting to the necessary minimum number. For this release, event triggered measurement is not needed and one shot measurement (periodical with reportAmount=1) restriction may also be considered.
Proposal 6:
Measurements reporting for NB-IoT may be restricted to one shot measurements and no support for event triggered measurements.
Different capability between CP and UP solutions

One reason that causes the discussion to support of UE measurements report to be very difficult is due to the fact that CP solution has no security protection in AS layer, while UP solution has. It is RAN2 understanding that AS layer security is necessary for sending radio measurements from UE to the NW via RRC message, and this implies that UE measurements report via RRC can be supported by UP solution and not by CP solution. Considering that CP and UP solutions are essentially two different solutions each having pros and cons, we think that different capability support for CP and UP solution should be allowed, and UE measurements reporting is one of the candidate. It is worth to emphasize that having different capability between CP and UP solution can be seen as advantage since it gives some degrees of flexibility for the market to choose NB-IoT system according to different requirements.
Proposal 0:
Support different capability of UE measurements report between UP and CP solution should be allowed, i.e., UE measurements report is supported only by UP solution.. 
3. Summary and Proposal
This paper discussed the necessity of UE measurements reporting by showing the use cases that requires it and the necessary measurements to be supported. The following are proposed: 
Proposal 0:
Support different capability of UE measurements report between UP and CP solution should be allowed, e.g., UE measurements report is supported only by UP solution. 

Proposal 1:
RSRP and RSRQ measurements report from NB-IoT UE should be supported.

Proposal 2:
E-CID positioning should be supported for NB-IoT UE

Proposal 3:
The following E-CID measurement report from NB-IoT UE should be supported:

· ue-RxTxTimeDiff
· RSRP and RSRP of serving cell and intra/inter neighbour cells.
Proposal 4:
The feasibility of CONNECTED measurements (specifically RSRP, RSRQ and ue-RxTxTimeDiff) from performance requirement perspective should be discussed and consulted with RAN4.

Proposal 5:
For UP solution, the legacy measurement configuration and reporting mechanism, i.e., RRCConnectionReconfiguration with the concerning measConfig, and Measurement Report including MeasResults, is supported for NB-IoT UE to configure/report RSRP, RSRQ and E-CID measurements.
Proposal 6:
In this release, Measurements reporting for NB-IoT may be restricted to one shot measurements and no support for event triggered measurements.
Reference
[1] R2-160408, “Measurement reporting in NB-IOT,” CMCC

[2] R2-160467, “Measurement reporting in NB-IOT,” Ericsson, China Mobile Com. Corporation

[3] R2-160466, “Measurement reporting in NB-IOT,” Ericsson, 
draftCR to
36.331 v
13.0.0
PAGE  
1

