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1 Background
Measurement reporting was discussed for NB-IoT during RAN2#100 [1], and it was agreed:
· There seems to be interest, at least if only a) serving cell measurements and b) “available” measurements are considered. 

Furthermore an email discussion until next meeting was agreed to progress the work:
[100#37][NB-IoT R14] Measurement Report for NB-IoT (CMCC)


Measurement Report for NB-IoT, what could be the possible solution(s), which release, pave the way for decisions, 


Intended outcome: Report to next meeting


Deadline:  Thursday 2017-02-08

In this contribution the way forward for measurement reporting in NB-IoT is further discussed. 

2 Background

History and status
Measurement reporting in NB-IoT has been discussed during REL-13 timeframe, but mainly because handover is not supported in NB-IoT measurement reporting is not supported either. In the current discussions it is not the intention to support handover. This implies that measurement reporting from the UE does not need to meet the strict requirements in terms of latency, accuracy and complexity, which are associated with measurement reporting for handover. The current scope of the measurement reporting is restricted to:

1. Serving cell measurements (i.e. neighbour cell measurements are not considered)

2. Available measurements (i.e. no new UE measurement requirements are introduced)
Motivation for measurement reporting

Two important reasons for measurement reporting can be identified, with different needs:

1. Link adaptation

For link adaptation it is beneficial to receive the measurements early during connection setup, because then the measurements can be used for scheduling of subsequent messages as soon as possible. Furthermore in NB-IoT in general, and with EDT in particular there are not so many messages to send or receive. Only serving cell measurements are needed. The measurements should reflect the current link status, i.e. should be recent. 
2. NW planning/tuning/diagnostics

There is no strong reason to send the measurements early, but it is beneficial when the feature also works with EDT. It would be beneficial to receive neighbour cell measurements besides serving cell measurements. There is no strong need to receive “current” measurements.
Available measurements in NB-IoT

The RAN2 working assumption is that the UE only reports “available” measurements. In the appendix a short summary of available measurements in NB-IoT is provided.

A NB-IoT UE supports NRSRQ and NRSRP measurements of the serving cell in Idle mode, and recent measurements are available (compared to neighbour cell measurements which the UE is not required to perform when the serving cell is below the measurement threshold).
A NB-IoT UE is not required to support NRS-SINR measurements, i.e. NRS-SINR measurement requirements for NB-IoT are not defined in 36.133. For LTE RS-SINR measurement requirements are defined for intra-frequency and inter-frequency cells in connected mode (see sections 8.1.2.2 /8.1.2.3 in 36.133). The LTE RS-SINR measurements were added in REL-13 to assist Multicarrier Load Distribution [2]. The LTE RS-SINR is defined in section 5.1.23 in 36.214.
Measurement reporting and security
Measurement reporting and security was discussed during RAN2#91bis and RAN2#92, and corrections to 36.331 were agreed such that MeasurementReport
 or UEInformationResponse
 shall only be sent after AS security has been activated in LTE [3].
The main security concern is privacy, i.e. the risk of unauthorized tracking of a device [4]. But serving cell measurements enable very limited tracking opportunities in addition to the fact that the UE already accesses a particular cell and reports CQI of the serving cell. It is noted that in UMTS the UE can report neighbour cell measurements in Measured results on RACH in RRC CONNECTION REQUEST message on CCCH before AS security is activated.
Enhancing CA Utilization (LTE REL-15 WID)
Early measurement reporting is also discussed in the REL-15 LTE work item Enhancing CA Utilization [5]. It has been agreed that the UE can report inter-frequency measurements in Idle mode (RSRP, RSRQ and RS-SINR) to assist fast carrier aggregation establishment. The measurements are controlled in SIB5 and RRC release message, including a timer. An LS has been sent to RAN4 to define (new) measurement requirements (e.g. for measurement accuracy) [6].
Security aspects of early measurement reporting were also discussed [7, 8]: it has been proposed to send the measurements after AS security has been activated, or use pre-configured security keys to send the report early.
Early measurement reporting in NB-IoT
For early measurement reporting in MSG3 there are:

· 22 spare bits in RRCConnectionRequest-NB message

· 9 spare bits in RRCConnectionResumeRequest-NB message

Compared to MSG3 the number of bits in MSG5 are “unlimited”:

· RRCConnectionSetupComplete-NB message

· RRCConnectionResumeComplete-NB message

i.e. the RRC message size is limited by the maximum PDCP Control PDU size of 1600 octets. 
3 Discussion
For link adaptation it is desirable to have measurement reporting early in MSG3 to improve the scheduling of following messages as soon as possible. In case the measurement reporting starts in MSG3 there is no link adaptation for MSG2, but MSG2 is (significantly) smaller than the following DL messages. And in our view the messages after MSG2 are more critical during connection setup. 

In case of measurement reporting in MSG3   it is desirable to obtain the measured NRSRQ in the UE, which provides information on the experienced link quality in the DL in the UE. The measured NRSRQ of the UE provides additional information to the reported CE level in MSG1 and the power with which MSG1 is received in the eNB. The reported NRSRQ provides valuable information when the UE experiences interference in the downlink, which the eNB otherwise would not be aware of. Without the NRSRQ measurements of the UE there is the risk that the number of DL repetitions is insufficient when there is DL interference, and it provides the means to tailor the needed repetitions for the UE. Therefore it is proposed:
Proposal 1: NRSRQ measurements of the serving cell can be reported in MSG3.
NRS-SINR measurements are perhaps an alternative quantity that the UE could report, and that perhaps has some advantages over NRSRQ measurements, as it is not influenced by the load in the cell. However NRS-SINR measurements are currently not defined for NB-IoT, and introduction would require further RAN4 work. The advantage of NRSRQ measurements is that they are currently supported by the UE, and could thus also be reported in early UE implementations. In our view NRS-SINR reporting could be added in a later release, after the RAN4 work has been done. With one additional bit, introduced in a later release, the UE could indicate when measurements in MSG3 are NRS-SINR measurements:
Observation 1: NRS-SINR measurement reporting can be added in a later release without backwards capability issues.
The MSG3 size is limited and the number of bits for measurement reporting should therefore also be limited. The UE reports a measurement quantity (i.e. integer) based on the measured value and the mapping tables defined in 36.133. In REL-14 NRSRP and NRSRQ mapping tables were introduced in 36.133 needed for the NRSRP/NRSRQ measurement reporting via LPP for ECID positioning (36.355):
ECID-SignalMeasurementInformation ::= SEQUENCE {

…

[[ nrsrp-Result-r14

INTEGER (0..113)


OPTIONAL,


   nrsrq-Result-r14

INTEGER (0..74)



OPTIONAL,

…
}

The reporting range of NRSRP is defined from -156 dBm to -44 dBm with 1 dB resolution (section 9.1.22.9 in 36.133), i.e. 114 measurement quantities are defined:
Table 9.1.22.9-1: NRSRP measurement report mapping

	Reported value
	Measured quantity value
	Unit

	NRSRP_00
	NRSRP ( -156
	dBm

	NRSRP_01
	-156 ( NRSRP < -155
	dBm

	NRSRP_02
	-155 ( NRSRP < -154
	dBm

	…
	…
	…

	NRSRP_111
	-46 ( NRSRP < -45
	dBm

	NRSRP_112
	-45 ( NRSRP < -44
	dBm

	NRSRP_113
	-44 ( NRSRP
	dBm


The reporting range of NRSRQ is defined from -34 dB to 2.5 dB with 0.5 dB resolution (section 9.1.24 in 36.133), i.e. 75 values are defined: 
Table 9.1.24-1: NRSRQ measurement report mapping

	Reported value
	Measured quantity value
	Unit

	NRSRQ_-30
	NRSRQ ( -34
	dB

	NRSRQ_-29
	-34 ( NRSRQ < -33.5
	dB

	…
	…
	…

	NRSRQ_-02
	-20.5 ( NRSRQ < -20
	dB

	NRSRQ_-01
	-20 ( NRSRQ < -19.5
	dB

	NRSRQ_00
	NRSRQ ( -19.5
	dB

	NRSRQ_01
	-19.5 ( NRSRQ < -19
	dB

	NRSRQ_02
	-19 ( NRSRQ < -18.5
	dB

	…
	…
	…

	NRSRQ_32
	-4 ( NRSRQ < -3.5
	dB

	NRSRQ_33
	-3.5 ( NRSRQ < -3
	dB

	NRSRQ_34
	-3 ( NRSRQ
	dB

	NRSRQ_35
	-3 ( NRSRQ < -2.5
	dB

	NRSRQ_36
	-2.5 ( NRSRQ < -2
	dB

	…
	…
	…

	NRSRQ_45
	2 ( NRSRQ < 2.5
	dB

	NRSRQ_46
	2.5 ( NRSRQ
	dB


NOTE: there is some “redundancy” in the table above, because the table is copied from LTE, where wideband RSRQ enhancements were introduced in REL-12 (rsrqMeasWideband, extendedRSRQ-LowerRange-r12, rsrq-OnAllSymbols-r12). 
Thus the existing mapping tables in 36.133 for NRSRP and NRSRQ would require 7 bits for the measurement report. Due to the limited number of spare bits in MSG3 the measurement report size in MSG3 should be further limited. In our view 4 bits to enable the UE to report 16 NRSRQ values is sufficient: 
Proposal 2: NRSRQ measurement report size is 4 bits to support 16 NRSRQ reported values.
The NRSRQ reporting range is also discussed in RAN1 and a reporting range of -25 to -5 dB is proposed [9]. The useful reporting range is in the lower range where the UE is interference limited. Examples of possible NRSRQ mapping tables with 16 reported values and 1 and 2 dB granularity is given below:
	Reported value
	Measured quantity value
	Unit

	NRSRQ_00
	NRSRQ < -25
	dBm

	NRSRQ_01
	-25 £ NRSRQ < -24
	dBm

	NRSRQ_02
	-24 £ NRSRQ < -23
	dBm

	NRSRQ_03
	-23 £ NRSRQ < -22
	dBm

	NRSRQ_04
	-22 £ NRSRQ < -21
	dBm

	NRSRQ_05
	-21 £ NRSRQ < -20
	dBm

	NRSRQ_06
	-20 £ NRSRQ < -19
	dBm

	NRSRQ_07
	-19 £ NRSRQ < -18
	dBm

	NRSRQ_08
	-18 £ NRSRQ < -17
	dBm

	NRSRQ_09
	-17 £ NRSRQ < -15
	dBm

	NRSRQ_10
	-15 £ NRSRQ < -13
	dBm

	NRSRQ_11
	-13 £ NRSRQ < -11
	dBm

	NRSRQ_12
	-11 £ NRSRQ < -9
	dBm

	NRSRQ_13
	-9 £ NRSRQ < -7
	dBm

	NRSRQ_14
	-7 £ NRSRQ < -5
	dBm

	NRSRQ_15
	-5 £ NRSRQ
	dBm


If RAN2 agrees to introduce a 4 bit NRSRQ measurement report then there is a need for a new NRSRQ mapping table in 36.133: 

Proposal 3: Ask RAN4 to introduce a new mapping table for NRSRQ with 16 measurement quantities. 

In our view no NW control is needed for the measurement reporting in MSG3, i.e. if the UE has available measurements it includes them: 
Proposal 4: The UE includes the NRSRQ measurements in MSG3 if available.
For NW planning, diagnostic and tuning it is beneficial for the NW to NRSRP measurements from the UE. In our view these measurements do not need to be sent early, but they can be sent in MSG5: 
Proposal 5: NRSRP measurements of the serving cell can be reported in MSG5.
There is no strong requirement to limit the measurement report size in MSG5, i.e. we can re-use the existing NRSRP mapping table (7 bits): 

Proposal 6: NRSRP measurement report size is 7 bits. 
The eNB may not always find a need to receive the NRSRP measurements, and the MSG5 size is (slightly) increased when the UE includes the NRSRP measurements. Therefore it is proposed that the UE only reports measurements in MSG5 when the eNB has enabled this in system information:
Proposal 7: The UE reports NRSRP in MSG5 only when the NRSRP measurement reporting is enabled in system information.

In our view the NRSRQ should be reported in RRCConnectionRequest-NB and RRCConnectionResumeRequest-NB message. And the NRSRP should be reported in RRCConnectionSetupComplete-NB and RRCConnectionResumeComplete-NB message. But there could be other RRC message where reporting is supported as well: 
Proposal 8: RAN2 to discuss in which RRC messages NRSRQ and NRSRP can be reported.

RAN2 already agreed that the UE should report the “available” measurements, i.e. the intention is to limit the impact on the UE (e.g. complexity, power consumption), and not to introduce new measurement requirements. But for the serving cell measurements to be useful (e.g. for link adaptation) and without introducing new requirements, the UE should only report the most recent measurements that meet the existing RAN4 accuracy requirements: 
Proposal 9: UE reports the most recent NRSRQ/NRSRP serving cell measurements that have met the NRSRQ/NRSRP accuracy requirements as specified in section 9.1.22 in 36.133.
The measurement reporting feature should be an optional feature: 

Proposal 10: Measurement reporting in NB-IoT is an optional UE capability without capability signalling

In our view this is an important feature that is missing in NB-IoT, i.e. we would kindly ask RAN2 to introduce this in REL-14 with the possibility of early UE implementation: 

Proposal 11: Measurement reporting is introduced in REL-14 with early UE implementation.

A draft LS to RAN4 [10] and a draft CR to 36.306 [11] and 36.331 [12] are provided for information.

4 Summary

RAN2 is kindly asked to discuss measurement reporting in NB-IoT: 

Proposal 1: NRSRQ measurements of the serving cell can be reported in MSG3.

Proposal 2: NRSRQ measurement report size is 4 bits to support 16 NRSRQ reported values.

Proposal 3: Ask RAN4 to introduce a new mapping table for NRSRQ with 16 measurement quantities. 

Proposal 4: The UE includes the NRSRQ measurements in MSG3 if available.

Proposal 5: NRSRP measurements of the serving cell can be reported in MSG5.

Proposal 6: NRSRP measurement report size is 7 bits. 
Proposal 7: The UE reports NRSRP in MSG5 only when the NRSRP measurement reporting is enabled in system information.

Proposal 8: RAN2 to discuss in which RRC messages NRSRQ and NRSRP can be reported.

Proposal 9: UE reports the most recent NRSRQ/NRSRP serving cell measurements that have met the NRSRQ/NRSRP accuracy requirements as specified in section 9.1.22 in 36.133.

Proposal 10: Measurement reporting in NB-IoT is an optional UE capability without capability signalling

Proposal 11: Measurement reporting is introduced in REL-14 with early UE implementation.
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6 Appendix: Available measurements in NB-IoT

In Idle mode the NB-IoT UE performs:

· Serving cell NRSRP and NRSRQ measurements (in normal and enhanced coverage with DRX or eDRX)

· Intra-frequency NRSRP/NRSRQ neighbour cell measurements when serving cell is below the intra-frequency measurement threshold and relaxed monitoring is not triggered

· Inter-frequency NRSRP/NRSRQ neighbour cell measurements when serving cell is below the inter-frequency measurement threshold and relaxed monitoring is not triggered
· NOTE: also a stationary UE in good coverage conditions performs intra-frequency and inter-frequency measurements every 24 hours

In Connected mode the NB-IoT UE performs:

· Serving cell NRSRP and NRSRQ measurements (in normal and enhanced coverage with and without cDRX)
· RLM measurements, i.e. SNR measurements on CRS signals to estimate the BLER percentage to trigger Qin and Qout for RLF detection

· In case of RLF detection the UE performs intra-frequency and inter-frequency neighbour cells measurements in Idle mode, i.e. the UE tries find a suitable cell in normal/extended coverage through cell selection

· In case of redirection in RRC release, the UE performs intra-frequency measurements in Idle mode to find a suitable cell to camp on the redirected carrier through cell selection

· If the UE supports E-CID the UE performs NRSRP/RSRQ measurements in Idle mode when requested via LPP signalling. Via LPP signalling the UE can report NRSRP/NRSRQ measurement results of the serving cell and up to 32 neighbor cells (intra-frequency or inter-frequency neighbor cells). When requested to perform E-CID measurements, the UE may be required to perform additional measurement effort in Idle mode.

� MeasurementReport includes the “normal” RSRP and RSRQ measurements, including neighbour cells, for handover.


� UEInformationResponse includes rach-Report, RLF-Report, LogMeasReport list, ConnEstFailReport and MobilityHistoryReport.
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