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Introduction
RAN1#92 made the following agreements for downlink channel quality determination and report for NB-IoT [1].
· 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

RAN2#101 may the following agreements 
· 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 
This contribution aims to further discuss aspects for downlink channel quality determination and report for NB-IoT listed above.

Metric for Hypothetical NPDCCH
It seems logical to base the reported hypothetical NPDCCH targeting a BLER value of 1% in Msg3 of Random Access procedure based on RSRP measurements
· In Random Access procedure, the UE estimates its Coverage Enhancement (CE) level based on RSRP and chooses corresponding PRACH resource. Extending the use of RSRP measurements for CSI reporting in Msg3 seems straightforward. 
· In a typical implementation to optimize demodulation operations of NPDCCH, the SNIR can be used for early termination of NPDCCH decoding. The idle mode UE will first measure the SNIR based on NB-RS measurement and then estimate the level of NPDCH repetitions on the common search space type 1. RSRQ is not a suitable, it does not correlate with SINR [2].  

The capacity on Msg3 is limited. It is not desirable to report full accuracy RSRP-based CSI in Msg3. A 2-bit bitmap to report the hypothetical NPDCCH repetition level in Msg3 was proposed in [2]. It is preferable to use a bitmap with greater than 2 bits to provide higher granularity than CE levels 0, 1, and 2 in current RA procedure. Higher granularity can be used for link adaptation as early as Msg4. 

An example for NB-IoT standalone deployment scenario is shown below for NDCCH of idle paging UE with a 3-bit mapping for NPDCCH repetitions. Rmax can be up to 2048, with at most 8 candidates. A typical SNR is 15.4 dB,   5.4 dB,    -4.6 dB corresponding to MCL=144 dB, 154 dB, and 164 dB.

	NPDCCH Repetitions
	Rmax/128
	Rmax/64
	Rmax/32
	Rmax/16
	Rmax/8
	Rmax/4
	Rmax/2
	Rmax

	SINR [dB]
	12
	10
	8
	6
	4
	2
	0
	-4


Table 1: Mapping of SINR and NPDCCH repetitions for idle paging UE on Common Search Space Type 1.

Observation 1: The capacity on Msg3 is limited. It is not desirable to report full accuracy RSRP-based CSI in Msg3.
Proposal 1: Use the RSRP-SNIR measurements to determine the level of NPDCCH repetitions.
Proposal 2: A bitmap with N>2 bits to report hypothetical NPDCCH repetition level can be used for link adaptation as early as Msg4 – FFS value of N
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Conclusion
In this contribution, we further discussed aspects for downlink channel quality determination and report for NB-IoT.
Observation 1: The capacity on Msg3 is limited. It is not desirable to report full accuracy RSRP-based CSI in Msg3.
Proposal 1: Use the RSRP-SNIR measurements to determine the level of NPDCCH repetitions.
Proposal 2: A bitmap with N>2 bits to report hypothetical NPDCCH repetition level can be used for link adaptation as early as Msg4 – FFS value of N
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