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1 Introduction
Early measurement reporting was discussed both in RAN1#92 [1-6] and RAN2#101bis [7-11]. The discussion in RAN1 was focussed on measurement reporting for link adaptation (e.g. in MSG3), while RAN2 focussed on measurement reporting for NW tuning/planning (e.g. in MSG5). 
In this contribution the potential signalling impact of measurement reporting in NB-IoT is evaluated further. 
2 Background 
RAN1#92

RAN1 agreed that the UE can report “DL channel quality” in MSG3, more in particular RAN1 agreed (in the context of link adaptation): 

· The downlink channel quality of NB-IoT UE is reported in MSG 3

· The downlink channel quality is denoted as the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%

· FFS the details for this metric (at least including measure resources, measure duration, and the details for hypothetical NPDCCH, such as the format, the aggregation level)

· This feature is optional for Rel-14 UEs

· Send LS to RAN2/RAN4 with the following actions: 

· To RAN2: To implement the above signaling

· To RAN4: To define the channel quality metric and new requirements/test cases (if needed)

· Note: This info can be used to assist subsequent DL transmission scheduling and does not put constraints on future enhancements in later release

RAN1 informed RAN2 and RAN4 about the RAN1 agreements [12]. RAN2 is asked to take the signaling impact into account. RAN4 is asked to define the channel quality metric and new requirements/test cases (if needed). 
RAN2#101bis

Based on the results of the RAN2 email discussion [7] RAN2 agreed that the UE can report NRSRP/NRSRQ in MSG5 (in the context of NW tuning/planning):

· NRSRP and NRSRQ of the serving cell, available in the UE, to be reported by NB-IoT UE, for the purpose of Network Mgmt.

· The reporting can happen in MSG5 

· We assume that R1 will anyway discuss link adaptation, and possible measurement(s) to be included in MSG3 etc. We will wait for R1 outcome until finally agreeing the solution, in case there is some cross-relation. 

· We will have NRSRP and NRSRQ reporting in MSG5. 

· Postpone details to next meeting: Whether there is Network Control, CRs 

3 Discussion
Measurement reporting for link adaptation in MSG3
RAN4 has been asked to define the DL channel quality metric, and RAN2 has been asked to design the signalling. 

For early measurement reporting in MSG3 there are:

· 22 spare bits in RRCConnectionRequest-NB message

· 9 spare bits in RRCConnectionResumeRequest-NB message

Especially in case of the resume message there is a desire to limit the number of bits for DL channel quality reporting. In our view the measurement report size should be limited to 3 bits (excluding 1 bit to indicate optionality):
Proposal 1: The number of bits for channel quality reporting in MSG3 is 3 bits (excluding 1 bit for optionality). 

RAN4 will define the DL channel quality metric, and potentially also consider the reporting range and granularity. To make the best use of the reporting bits it is proposed to define the reported value in terms of the configured Rmax: 
Proposal 2: If the configured Rmax is bigger than 128, then the reported value is defined as the number of NPDCCH repetitions the UE needed as the nearest integer {Rmax/128, Rmax/64, Rmax/32, Rmax/16, Rmax/8, Rmax/4, Rmax/2, Rmax}, otherwise the nearest integer {1, 2, 4, 8, 16, 32, 64, 128}.
The Rmax used to decode MSG2 on NPDCCH is npdcch-NumRepetitions-RA-r13:

npdcch-NumRepetitions-RA-r13 = {r1, r2, r4, r8, r16, r32, r64, r128, r256, r512, r1024, r2048}

npdcch-NumRepetitions-RA

Maximum number of repetitions for NPDCCH common search space (CSS) for RAR, Msg3 retransmission and Msg4, see TS 36.213 [23, 16.6].

It is proposed to add the DL channel quality reporting to the following RRC messages (MSG3):
Proposal 3: UE can report DL channel quality in RRCConnectionRequest-NB, RRCConnectionResumeRequest-NB and RRCEarlyDataRequest-NB message.
We do not see a need to control the DL channel quality reporting in MSG3, i.e. when the UE supports measurement reporting in MSG3, the UE includes the DL channel quality in MSG3.
Measurement reporting for NW tuning/planning in MSG5
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


The existing NRSRP and NRSRQ reporting would require 7 bits for the reported value each. In our view there is not a shortage of bits in MSG5 to report the NRSRP and NRSRQ with the existing range and granularity:
Proposal 5: 7 bits are used to report NRSRP in MSG5.
Proposal 6: 7 bits are used to report NRSRQ in MSG5.
In case the UE supports measurement reporting in MSG5 the eNB should indicate if the UE is allowed to report measurements in MSG5, i.e. it is beneficial to avoid reporting when the eNB does not support it or does not need it: 
Proposal 7: eNB indicates in SIB2-NB whether the UE supporting measurement reporting in MSG5 is allowed to report NRSRP and NRSRQ in MSG5.
RAN2 already discussed that the UE is only required to report available measurements in Idle mode, i.e. no new measurement requirements:
· There seems to be interest, at least if only a) serving cell measurements and b) “available” measurements are considered. 

But from the available measurements the UE should of course send the most recent measurements:

Proposal 8: The UE should report the most recent NRSRP/NRSRQ measured results in Idle mode.
It is proposed to include the measurement reporting in the following RRC messages (MSG5): 
Proposal 9: UE can report NRSRP and NRSRQ in RRCConnectionSetupComplete-NB and RRCConnectionResumeComplete-NB message. 
It is proposed that measurement reporting is optional for the UE to support, and there is no need for UE capability signalling:  
Proposal 10: Measurement reporting in NB-IoT in MSG3 and MSG5 an optional UE feature without UE capability signalling.
Especially the measurement reporting in MSG3 for link adaptation is considered an essential feature, i.e. we propose to introduce the measurement reporting in REL-14 with early UE implementation:
Proposal 11: Measurement reporting is introduced in REL-14 with early UE implementation.
Draft CRs to 36.306 and 36.331 are provided for information [13, 14].

4 Summary

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

Proposal 1: The number of bits for channel quality reporting in MSG3 is 3 bits (excluding 1 bit for optionality). 

Proposal 2: If the configured Rmax is bigger than 128, then the reported value is defined as the number of NPDCCH repetitions the UE needed as the nearest integer {Rmax/128, Rmax/64, Rmax/32, Rmax/16, Rmax/8, Rmax/4, Rmax/2, Rmax}, otherwise the nearest integer {1, 2, 4, 8, 16, 32, 64, 128}.

Proposal 3: UE can report DL channel quality in RRCConnectionRequest-NB, RRCConnectionResumeRequest-NB and RRCEarlyDataRequest-NB message.
Proposal 5: 7 bits are used to report NRSRP in MSG5.

Proposal 6: 7 bits are used to report NRSRQ in MSG5.

Proposal 7: eNB indicates in SIB2-NB whether the UE supporting measurement reporting in MSG5 is allowed to report NRSRP and NRSRQ in MSG5.

Proposal 8: The UE should report the most recent NRSRP/NRSRQ measured results in Idle mode.

Proposal 9: UE can report NRSRP and NRSRQ in RRCConnectionSetupComplete-NB and RRCConnectionResumeComplete-NB message. 
Proposal 10: Measurement reporting in NB-IoT in MSG3 and MSG5 an optional UE feature without UE capability signalling.

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