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Introduction
In the last RAN4 #87 meeting, RAN4 agreed the way-forward [1] regarding the downlink channel quality reporting. In this paper, we discuss the remaining open issues for the downlink channel quality reporting in MSG3 for NB-IoT UE.
Discussion
2.1 Report Mapping
When the downlink channel quality report is included in the RRCConnectionReestablishmentRequest-NB, there are only three candidate levels UE may choose from. The actual values of each candidate level can be defined in two different ways. First option is to define the values as a scaling relative to the actual NPDCCH repetition used in MSG2. It is reasonable to assume that eNB chooses the repetition level for MSG2 based on the coverage level UE has used during the NPRACH transmission, and hence the repetition level used in MSG2 can be considered as a coarse estimate of the channel quality which is to be refined based on the UE feedback. Considering the limited SNR estimation uncertainty of the NB-IoT UE, candidate repetition values can be defined as spaced by effective SNR gap of 9dB, i.e., 1/8, 1, and 8 times of the actual NPDCCH repetition used in the MSG2. 
Option 1:
	NPDCCH repetition in MSG2 (=RMSG2)
	1
	2
	4
	8, 16, 32, 64, 
128, 256
	512
	1024
	2048

	{candidateRep_1, candidateRep_2, candidateRep_3}
	{1, 8, 64}
	{1, 2, 16}
	{1, 4, 32}
	{RMSG2/8, RMSG2, 8∙RMSG2}
	{64, 512, 2048}
	{128, 1024, 2048}
	{256, 1024, 2048}



Second option is to define the candidate levels as the absolute values, regardless of the actual NPDCCH repetition level used in MSG2. Considering the valid range of NPDCCH repetition from 1 to 2048, candidate levels can be chosen to uniformly partition the available repetition levels, or can be determined semi-statically with respect to the value of Rmax from the high layer.
Option 2: {candidateRep_1, candidateRep_2, candidateRep_3} = {8, 128, 2048} or {Rmax/8, Rmax, Rmax*8}
In our view, option 1 is more preferrable since when following option 2, UE may end up reporting too conservative repetition level than its actual coverage level and/or SNR due to the coarse granularity of the report mapping. 
[bookmark: _GoBack]Proposal 1. For downlink channel quality reporting in RRCConnectionReestablishmentRequest-NB, define the report mapping relative to the actual NPDCCH repetition level used in MSG2.
2.2 Accuracy Requirement
A UE is supposed to report the minimum NPDCCH repetition number that is required to achieve the hypothetical NPDCCH BLER target of 1%. Therefore, the accuracy requirement should be able to tell 
a) whether the 1% hypothetical NPDCCH BLER can be achieved when using the reported repetition number
b) whether the reported repetition number is indeed the smallest one achieving such BLER target. 
Condition a) can be verified by checking the actual Pm-Dsg rate for the subsequent NPDCCH transmission for downlink grant when following the UE-reported repetition level. Condition b), however, could be more difficult to check due to the inherent SNR measurement inaccuracy of NB-IoT UE and any fading margin that UE needs to take into account when generating the report. Therefore, the accuracy requirement for the condition b) can be defined to include the inherent margin, e.g., the reported repetition number being at most 2α times of the true minimum repetition level required to achieve the hypothetical NPDCCH BLER target of 1%. UE conformance on this requirement can be verified by checking whether the Pm-Dsg rate for the subsequent NPDCCH transmission for downlink grant being larger than 1% when using the NPDCCH repetition level that is 2α+1 times smaller than the one reported by UE.
The value of α can be determined based on the accuracy of the SNR estimation for different coverage level as well as any fading margin that UE may have to take into account. Our view is that α can be chosen to 1 for normal coverage and 2 for enhanced coverage. For information, in the below, we present the text proposal for the downlink channel quality meausrement accuracy requirement.

================================= Text Proposal =======================================
9.1.22.X	Downlink Channel Quality Measurement Accuracy for UE Category NB1
The requirements for accuracy of downlink channel quality reporting in this clause apply only to the serving cell on the anchor carrier for UE Category NB1 for stand-alone, guard-band and in-band deployments.
The accuracy requirements in Table 9.1.22.X-1 are valid under the following conditions:
Cell specific reference signals are transmitted either from one or two ports.
Conditions defined in 36.101 Clause 7.3 for reference sensitivity are fulfilled.
NRSRP|dBm according to Annex B.3.25 for a corresponding Band
At least 1 DL subframe per radio frame of the serving cell is available at the UE for SNR measurement
MSG2 is successfully received with the average BLER less than or equal to [0.1]
Table 9.1.22.X-1: Downlink channel quality reporting accuracy for UE Category NB1
	NPDCCH Repetition

	Pm-Dsg (%)
	Conditions

	
	
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 2
	Minimum Io
	Maximum Io

	
	
	dB
	
	dBm/15kHz 
	dBm/BWChannel
	dBm/BWChannel

	R NOTE 1
	≤1
	-6 dB
	NFDD_G
	-122.9
	N/A
	-70

	[R/4] NOTE 1
	>1
	-6 dB
	NFDD_G
	-122.9
	N/A
	-70

	R NOTE 1
	≤1
	[bookmark: OLE_LINK10]-15≤Ês/Iot≤--6 dB
	NFDD_G
	- 122.9
	N/A
	-70

	[R/8] NOTE 1
	>1
	-15≤Ês/Iot≤--6 dB
	NFDD_G
	- 122.9
	N/A
	-70

	NOTE 1:   R is the required minimum NPDCCH repetition level to achieve the hypothetical NPDCCH BLER of 1% that UE has reported in MSG3
NOTE 2:	Io is assumed to have constant EPRE across the bandwidth.
NOTE 3:	E-UTRA operating band groups are as defined in Section 3.5. 



===================================================================================
2.3 Test Framework
Based on the accuracy requirement defined in the previous section, the requirement can be verified by the following test framework:

· UE reports in MSG3 the repetition level of R
· It is up to UE to use T1 and/or T2 to measure the downlink channel quality of the anchor carrier
· After the RRC connection, accuracy requirement is tested using the two disjoint intervals, P1 and P2.
· During the first interval P1, 
· TE continuously schedules NPDSCH using the NPDCCH configured with the repetition number R
· UE should send ACK/NAK for the scheduled NPDSCH with 99% of the time
· During the second interval P2, 
· TE continuously schedules NPDSCH using the NPDCCH configured with the repetition number that of R/4 (or R/8 in enhanced coverage)
· Missing ACK/NAK for the scheduled NPDSCH should happen more than 1% of the time
· UE should meet the passing criteria for both P1 and P2 at least 90% of the reporting incidents. 


From the NPDCCH BLER performance curve in Figure 1, possible test point could be SNR of -6dB with NPDCCH repetition for MSG2 of 4 or larger for the normal coverage, and SNR of -15dB with NPDCCH repetition for MSG2 of 32 or larger for the extended coverage, respectively.

[image: ]
Figure 1. NPDCCH BLER performance under different NPDCCH repetition levels in AWGN with 2Tx [2]

Proposal 2. Accuracy requirement for downlink channel quality reporting should be defined in terms of Pm-Dsg of the NPDCCH transmission:
· Whether achieving 1% or less Pm-Dsg when following the UE-reported NPDCCH repetition level
· Whether showing larger than 1% Pm-Dsg when using the 4 (normal coverage) or 8 (enhanced coverage) times smaller NPDCCH repetition level than the one reported by UE

2.4 Measurement Period
Lastly, RAN4 needs to specify the measurement period in 36.133. In the last RAN4 meeting, it was agreed that there could be two different measurement period, T1 and T2, that a UE can use to derive the desired NPDCCH repetition number.
· T1: period used for NRSRP estimation for NPRACH CE level decision
· T2: period from the beginning of MSG2 reception to the beginning of MSG3 transmission
For T1, it is reasonable to assume that UE uses the same DL subframe for both NRSRP/NRSRQ measurement and the SINR measurement. Therefore, we can consider that for T1, the SNR measurement is done every DRX cycle, similar to NRSRP/NRSRQ measurement. For T2, the measurement period can be further clarified as from the beginning of the random access response window to the beginning of MSG3 transmission. Whether to use T1, T2, or both is left up to UE implementation as per the RAN4 agreement. Text proposal for the measurement period of the downlink channel quality reporting is presented as follows.
================================= Text Proposal =======================================
4.X	Downlink Channel Quality Measurement Requirements for UE category NB1
Requirement in this clause is applicable for a UE capable of the downlink channel quality reporting in MSG3.
A UE shall follow the procedure for downlink channel quality reporting as defined in TS 36.331 [XX] section X.Y.Z.
The UE shall estimate the downlink channel quality in terms of the minimum NPDCCH repetition required to achieve 1% block error rate of a hypothetical NPDCCH transmission with the parameters specified in Table 4.X-1.
Table 4.X-1 NPDCCH transmission parameters for downlink channel quality reporting for Category NB1 UE
	Attribute
	

	DCI format
	Format N1

	Number of information bits
	23 bits

	System Bandwidth
	200kHz

	Antenna configuration
	2x1

	Aggregation level
	2

	DRX
	OFF



A UE should use at least one of the following measurement period to measure the downlink channel quality of the serving cell:
· At least every DRX cycle before NPRACH transmission
· From the beginning of the random access response window to the beginning of the MSG3 transmission

When the downlink channel quality is reported in RRCConnectionReestablishmentRequest-NB, the UE shall use the report mapping in Table 9.1.22.X-1 in sub-clause 9.1.22.X. Otherwise, UE shall use the report mapping in Table 9.1.22.X-2 in sub-clause 9.1.22.X.
The UE shall satisfy the downlink channel quality measurement accuracy requirement as specified in the sub-clauses 9.1.22.Y.
====================================================================================
Conclusions
In this paper, we discussed the remaining open issues in the downlink channel qualtiy reporting for NB-IoT UE. Proposals made in this paper are summarized as follows:

Proposal 1. For downlink channel quality reporting in RRCConnectionReestablishmentRequest-NB, define the report mapping relative to the actual NPDCCH repetition level used in MSG2.
Proposal 2. Accuracy requirement for downlink channel quality reporting should be defined in terms of Pm-Dsg of the NPDCCH transmission:
· Whether achieving 1% or less Pm-Dsg when following the UE-reported NPDCCH repetition level
· Whether showing larger than 1% Pm-Dsg when using the 4 (normal coverage) or 8 (enhanced coverage) times smaller NPDCCH repetition level than the one reported by UE
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