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1 Introduction
During NB-IoT field trial, it is observed that current CE level determination methodology can be problematic estimating the uplink and downlink channel qualities due to different uplink/downlink interference levels. For the uplink, the issue can be fixed by adopting different RSRP thresholds according to the uplink interference level of the cell. However, the downlink channel quality, which is more reliably reflected by SINR, does not show clear correlation with RSRP in the field trial. Therefore, it cannot be well estimated by current CE level determination method which relies on RSRP measurement.
In RAN1 # 92 meeting, following agreement is reached regarding the DL channel quality reporting. 
[bookmark: _GoBack]Agreement:
· 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

In this contribution, the detail of the reported metric reflecting the DL channel quality is discussed. 
2 Discussion on remaining details for report of downlink channel quality
2.1 The number of bits in MSG3 for DL channel quality reporting
In order to make more precise reporting than current CE level, it is preferred to have 3 bits in MSG3 for this DL quality reporting. Since the feature is optional for Rel14, one state should be reserved for back-forward capability and for those Rel 14 UEs which do not support this feature. Hence, 7 states are available to represent different repetition time(s) for UE to correctly decode NPDCCH. 

Since during the field trial, it is found that for most of the cases, the repetition time for NPDCCH transmission is within 32. Therefore, it is preferred to have finer granularities for smaller repetition numbers. One example of interpreting the 3 reported bits to NPDCCH repetition number is given in Table 1. 

               Table 1: One example of interpreting the 3 reported bits to NPDCCH repetition number
	000
	reserved

	001
	1

	010
	2

	011
	4

	100
	8

	101
	16

	110
	32 64 and 128

	111
	256 and 512 and 1024 and 2048



Proposal 1: 3 bits in MSG3 are used to report the downlink channel quality. 
Proposal 2: When using the reported bits to represent the downlink channel quality, finer granularities should be adopted for smaller repetition numbers (e.g. the number of 32 or less).

2.2 Measurement resource and duration 
2.2.1 Measurement resource
Since the NB-IoT UE monitors the downlink link quality based on the narrowband reference signal in order to detect the downlink radio link quality of the NB-IoT cell [1], NRS can be reused as measurement resource here. 

2.2.2 Measurement duration
As for the measurement duration, two alternatives can be considered,
· Alt1: perform the measurement similar as RSRP, i.e., after the sync procedure, the UE can start to perform measurement; 
· Alt2: perform the measurement after it sends MSG1 and before it sends MSG3 during random access. 
The pros of Alt1 is that the measurement duration and the corresponding RAN4 requirement can simply reuse that of RSRP, saying with L3 filter to obtain the average DL channel quality. Nonetheless, the Alt1 solution can only provide a very long term average of the DL channel quality, which seems to be not so accurate for DL scheduling. In addition, Alt1 can not achieve unified behavior for anchor carrier and non-anchor carrier. Specifically, since the DL channel quality reporting is used for NPDCCH scheduling during random access, the reported DL channel quality should reflect the channel quality of the carrier where the RACH process is actually carried out. Therefore, when the random access is initiated on the anchor carrier, the measurement should be done in anchor carrier, otherwise, it should be done in non-anchor carrier. Note that in non-anchor carrier, UE can only assume the NRS transmitted in certain positions after it initiates random access [3]. Tus the Alt1 can be applied for anchor carrier, but can not be applied to non-anchor carrier. 
By contrast, Alt2 is able to help eNB obtain a relatively short term measurement for DL scheduling, and also to keep the same measurement mechanism/duration for both anchor and non-anchor carrier. Nonetheless, the RAN4 performance requirement of Alt2 needs to be carefully studied, because the duration between UE sends MSG1 and before it sends MSG3 is variable and depends on the duration of NPDCCH and NPDSCH transmission for MSG2. If the RAN4 measurement requirement of Alt2 is feasible, it is slightly preferred Alt2 for determination of measurement duration.
Proposal 3: UE monitors the downlink channel quality reported in MSG3 based on NRS. For the measurement duration, it is slightly preferred that, UE perform the measurement of NRS after it sends MSG1 and before it sends MSG3 during random access, conditioning on the corresponding RAN4 work is feasible.
 
2.3 Details for the hypothetical NPDCCH
In [1], the requirements for Category NB1 UE to perform radio link monitoring is defined, where hypothetical NPDCCH with transmission parameters given in Table 1 is used to define the downlink channel quality indicator Qin_NB-IoT  and Qout_NB-IoT. This hypothetical NPDCCH can be reused for DL channel quality reporting. Since UE has to report the repetition time it needs to for NPDCCH transmission according to current DL channel condition, the “Maximum NPDCCH Repetition level” can be left out. 


Table 1: Table 7.23.2-1 NPDCCH transmission parameters for out-of-sync and in-sync for Category NB1 UE, 3GPP 36.133
	Attribute
	Out-of-sync
	In-sync

	DCI format
	Format N1
	Format N1 

	Number of information bits
	23 bits
	23 bits

	System Bandwidth
	200kHz
	200kHz

	Antenna configuration
	2x1
	2x1 

	Maximum NPDCCH Repetition level
	RmaxNote1
	Rmax/4 Note1

	Aggregation level
	2
	2

	DRX
	OFF
	OFF

	NOTE 1:	Rmax is a configurable parameter defined in TS 36.331[2].



Proposal 4: 
· 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%
· The details for hypothetical NPDCCH is given as 

	Attribute
	DL channel quality report assumption

	DCI format
	Format N1

	Number of information bits
	23 bits

	System Bandwidth
	200kHz

	Antenna configuration
	2x1

	Aggregation level
	2

	DRX
	OFF





3 Conclusions 
Proposal 1: 3 bits in MSG3 are used to report the downlink channel quality. 
Proposal 2: When using the reported bits to represent the downlink channel quality, finer granularities should be adopted for smaller repetition numbers (e.g. the number of 32 or less).
Proposal 3: UE monitors the downlink channel quality reported in MSG3 based on NRS. For the measurement duration, it is slightly preferred that, UE perform the measurement of NRS after it sends MSG1 and before it sends MSG3 during random access, conditioning on the corresponding RAN4 work is feasible.
Proposal 4: 
· 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%
· The details for hypothetical NPDCCH is given as 

	Attribute
	DL channel quality report assumption

	DCI format
	Format N1

	Number of information bits
	23 bits

	System Bandwidth
	200kHz

	Antenna configuration
	2x1

	Aggregation level
	2

	DRX
	OFF
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