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1	Introduction
RAN1 agreed to include a new mechanism for NB-IoT UE to determine and report the channel quality in Msg3 during the random access procedure [1].
	· 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)



Moreover RAN1#92bis additionally made the following agreements [2].
	For the downlink channel quality reporting in msg3:
· RAN1 assumes that the UE is not required to measure additional subframes for this feature (e.g., the measured subframes used for cell reselection before random access can be reused).
· RAN1 does not intend to define the subframes used for measurement for DL channel quality reporting.
· In Rel-14, this feature is only supported for the anchor carrier on which the UE received msg2.
· RAN1 will not define a reference resource for NPDCCH (i.e., the location in time of the “virtual PDCCH”)
· RAN1 considers that the indicated hypothetical NPDCCH repetition number (R) should be derived based on averaging the DL quality during a period of time (to average fading out) without incurring in additional wake-ups for measurement.
· RAN1 leaves the decision on the number and value of candidates of R to be decided by RAN2 and RAN4.



On the other hand, RAN2#101bis discussed the number of available bits in MSG3 and made the following agreements [3].
	RAN2 has discussed DL channel quality reporting in MSG3 and RAN2 agreed that 4 bits, i.e. 15 measured values (codepoint “0000” indicates absence of measurements), are available for the DL channel quality reporting in MSG3, except when MSG3 contains RRCConnectionReestablishmentRequest-NB message for the Control Plane Optimization. When MSG3 contains RRCConnectionReestablishmentRequest-NB message for the Control Plane Optimization only 2 bits, i.e. 3 measured values, are available.



RAN4#86bis also discussed the MSG3-based based channel quality reporting and agreed with the following way forward [4]. 
	Companies are encouraged to investigate the solution to report the channel quality in MSG3. 
· Option 1: Based on SINR estimation from MSG2
· Option 2: Based on the combination of actual repetition used until successful decoding of MSG2 and SINR estimation from MSG2
· Other options are not precluded. 
Companies are encouraged to investigate the accuracy of the SINR measurement from MSG2 
· Other measurement period, e.g. before MSG1 transmission, is not precluded.



This contribution discusses the MSG3-based channel quality measurement based on the LSs from RAN1/RAN2. 
2	Discussion
2.1	New random access procedure in NB-IoT
Figure 1 illustrates the new UE procedure described in LS from RAN1. In prior to the random access preamble transmission (MSG1), UE first estimates the CE level to decide which the NPRACH resource is used for the preamble transmission (T1). If eNB can detect the preamble, eNB transmits the random access response (RAR or MSG2), consisting of NPDCCH and NPDSCH. After that UE transmits NPUSCH format 1 for RRC connection request (MSG3) where the NPUSCH transmission timing (k0) is specified by the eNB. According to the LS from RAN1, at the MSG3 transmission, UE optionally reports the NPDCCH repetition number with that UE can decode NPDCCH with BLER of 1%.
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[bookmark: _Ref510199240]Figure 1	UE procedure for reporting channel quality in MSG3.
2.2	NPDCCH repetition number with BLER of 1%
Figure 2 shows our simulation results of NPDCCH BLER with DCI N1 in the static channel. According to TS36.213, the NPDCCH repetition number is limited to a power of two from 1 to 2048, and the required repetition number satisfying BLER of 1% changes every SNR=2-3dB in the static condition. This means it is not realistic to derive the exact repetition number of corresponding to hypothetical NPDCCH BLER of 1% (e.g., 6 repetitions at SNR=-2dB).
Observation: It is not realistic to derive the exact repetition number of corresponding to hypothetical NPDCCH BLER of 1%.
Consider SNR=0dB in Figure 2. If UE reports Rep=2, the expected NPDCCH BLER is around 9% and UE may fail to decode NPDCCH for MSG4 or later. On the other hand, if UE reports Rep=8, the expected NPDCCH BLER is 0%, but it consumes the network resources excessively. Therefore, UE should report the minimum supported NPDCCH repetition number to satisfy the hypothetical NPDCCH BLER of lower than 1%.
Proposal 1: UE should report the minimum supported NPDCCH repetition number to satisfy the hypothetical NPDCCH BLER of lower than 1%.
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[bookmark: _Ref510200869]Figure 2	NPDCCH Simulation results with AWGN.

2.3	Channel quality measurements
As it is mentioned in LS [2] that RAN1 does not intend to define the subframes used for measurement for DL channel quality reporting, the available DL subframes used for the channel quality estimation are only T1 (Before MSG1 transmission) and T2 (Period during MSG3 transmission and additional MSG4 preparation time) in Figure 1 because of half-duplex FDD. We therefore propose RAN4 assumes UE performs the channel quality measurement in the period before MSG1 transmission and/or the period from the beginning of NPDCCH for MSG2 to the beginning of PUSCH format 1 for MSG3.
Proposal 2: RAN4 assumes that UE derives the required NPDCCH repetition number from the channel quality measured in the period before MSG1 transmission and/or the period from the beginning of NPDCCH for MSG2 to the beginning of PUSCH format 1 for MSG3.
Unlike the evaluation period for RLM, which assumes the fixed evaluation period such as 200ms for in-synch, we cannot expect the fixed measurement period for MSG3-based channel quality report. Figure 3 shows the SNR estimation for different measurement period. For example, the upper-left figure is the results when UE estimates SNR from NRS over 4ms.
The accuracy of the SNR estimation should be within +/-1.5dB to report the supported NDPCCH repetition number with the step of a power of two. However it is observed from the figure that the SNR estimation error becomes much larger than 1.5dB especially when SNR is low. For example the error could be more than 10dB with SNR<-10dB. This means UE cannot report the accurate repetition number for hypothetical NPDCCH BLER of 1% by using estimated SNR only. In such region, UE may use the NPDCCH repetition number when UE receive MSG2 as well as SNR estimation.
Proposal 3: UE may derive the NPDCCH repetition number in MSG3 based on the NPDCCH repetition number where UE could decode for MSG2 reception. 
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[bookmark: _Ref512864699]Figure 3	Distribution of estimated SNR values for different measurement period. 

2.4 Reporting values in MSG3
RAN2 concluded the available number of reported values are 3 for RRCConnectionReestablishmentRequest-NB, and 15 for other messages. This means RRCConnectionReestablishmentRequest-NB has 2 bits, but ‘00’ cannot not be used to keep the backward compatibility. In our view, ‘00’ means UE does not report any suggestion. 
For RRCConnectionReestablishmentRequest-NB, there are only 3 values available. Considering the SNR estimation accuracy, the step size could be 6dB, and our proposal is to report one of values in: {Rmax, Rmax/4, Rmax/16}. It is also possible to report the repetition number with regard to the actual NPDCCH repetition number instead of Rmax because UE knows the exact NPDCCH repetition number of MSG2 by decoding DCI. But some UE implementation may prepare the RRC message corresponding to MSG3 before UE transmits MSG1 and such a UE cannot modify RRC message after MSG2 reception. Therefore we think it is better to report the repetition number with regard to Rmax. 
[bookmark: _Hlk513727350]Proposal 4: For RRCConnectionReestablishmentRequest-NB, UE reports one of the values in {Rmax, Rmax/4, Rmax/16}. FFS when Rmax is set to less than 16.
RAN2 also concluded the MSG3 messages other than RRCConnectionReestablishmentRequest-NB can report 15 values (4 bits). Since the supported NPDCCH repetition numbers are 12 (1, 2, 4, …, 2048), the simplest solution is to report one of supported NPDCCH repetition numbers: 1, 2, 4, … 2048. 
Proposal 5: For MSG3 other than RRCConnectionReestablishmentRequest-NB, UE reports one of the values in {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}. 
2.5	RRM requirements relevant to MSG3-based reporting
Since RAN1 is asking to introduce the relevant test cases in RAN4, we need to specify the measurement period for MSG3-based reporting, otherwise it is not clear which period and how long UE measures the channel quality. 
Proposal 6: RAN4 specify the measurement period used for the MSG3-based reporting in TS.36.133. 
When RAN4 specified enhanced RLM for eMTC, RAN2 specified the information elements {excessRep1, excessRep2} but the actual values are specified by RAN4 specification
rlm-Report-r14 SEQUENCE {
rlm-Event-r14 ENUMERATED {earlyOutOfSync, earlyInSync},
excessRep-MPDCCH-r14 ENUMERATED {excessRep1, excessRep2} OPTIONAL
} OPTIONAL
We propose to use the same approach for MSG3-based reporting, that is, RAN2 specifies the IE with generic name, e.g.,
	downlinkChannelQuality			ENUMERATED {candidateRep1, candidateRep2, candidateRep3, …},
and actual number is specified in TS36.133 as follows:
	Parameter: downlinkChannelQuality
	Value

	‘candidateRep1’
	Rmax

	‘candidateRep2’
	Rmax/4

	‘candidateRep3’
	Rmax/16

	…
	



Proposal 7: RAN4 send LS to RAN2 the necessary number of reported values for RRCConnectionReestablishmentRequest-NB and other messages and ask RAN2 to specify the necessary signaling. RAN4 specifies the exact values in TS36.133. 
3	Conclusions
Observation: It is not realistic to derive the exact repetition number of corresponding to hypothetical NPDCCH BLER of 1%.
Proposal 1: UE should report the minimum supported NPDCCH repetition number to satisfy the hypothetical NPDCCH BLER of lower than 1%.
Proposal 2: RAN4 assumes that UE derives the required NPDCCH repetition number from the channel quality measured in the period before MSG1 transmission and/or the period from the beginning of NPDCCH for MSG2 to the beginning of PUSCH format 1 for MSG3.
Proposal 3: UE may derive the NPDCCH repetition number in MSG3 based on the NPDCCH repetition number where UE could decode for MSG2 reception. 
Proposal 4: For RRCConnectionReestablishmentRequest-NB, UE reports one of the values in {Rmax, Rmax/4, Rmax/16}. FFS when Rmax is set to less than 16.
Proposal 5: For MSG3 other than RRCConnectionReestablishmentRequest-NB, UE reports one of the values in {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}. 
[bookmark: _GoBack]Proposal 6: RAN4 specify the measurement period used for the MSG3-based reporting in TS.36.133. 
Proposal 7: RAN4 send LS to RAN2 the necessary number of reported values for RRCConnectionReestablishmentRequest-NB and other messages and ask RAN2 to specify the necessary signaling. RAN4 specifies the exact values in TS36.133. 
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