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1 Introduction
In RAN 1 #92 meeting, it was agreed to introduce new downlink channel quality (DCQ) for NB-IoT reported in MSG 3, as
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 RAN 2 #101 meeting, it was agreed:
· We will have NRSRP and NRSRQ reporting in MSG5. 

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

In this contribution, we discuss on the detail of DCQ report for NB-IoT.
2 Discussion
In LTE, eNB will configure layer 3 filtering coefficients for each measurement, e.g., RSRP, RSRQ and CS-SINR. In previous RAN 2 meeting, it was agreed to support NRSRP and NRSRQ reporting in MSG 5. That is, layer 3 filtering coefficients will be configured to UE for NRSRP and NRSRQ measurement. For new DCQ report, one alternative is also use layer 3 filtering to derive the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%. Another alternative is to use similar mechanism as CQI report in eMTC, where eNB configured a K repetition for UE to derive the supported code rate. The CQI report-like mechanism is used for eNB to learn about the instantance channel status and make a decision on MCS/TBS of DL data channel. However, this DCQ is used for eNB choose a proper Rmax of NPDCCH and also find a decent MCS/TBS of DL data channel. Therefore, it is more suitable to use CQI report-like mechanism. The layer 3 filter can derive the measure duration. 
Proposal #1: The downlink channel quality reported in MSG 3 is derived based on layer 3 filter. The layer 3 filtering coefficients are configured in SIB.   
 Since the DCQ is not used for cell selection/reselection, for non-anchor PRACH case, it might be better to measure the channel in non-anchor carrier to indicate the interference of DL of non-anchor carrier. However, if NRSRP/NRSRQ is based on anchor only, it might be easier to also measure the channel condition of anchor carrier. It can reduce UE complexity since they may share some of the measurement result.

Proposal #2: Further study on the carrier for downlink channel quality. 
The NPDCCH transmission parameters for out-of-sync and in-sync for NB-IoT is provided in Table 1. DCI format N1 is used for NPDSCH scheduling with 23 bits and aggregation level 2 is quite common setting for NPDCCH. 

Proposal #3: DCI format N1 with 23 bits and aggregation level 2 are assumed to derive the downlink channel quality. 
Table 1 1 NPDCCH transmission parameters for out-of-sync and in-sync for Category NB1 UE [1]
	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].


In order to representing the interference from other cells, NRS can be used as measure resource to derive the required NPDCCH repetition number. UE can measure NRS of serving cell and also measure the interference of other cells to derive a required NPDCCH repetition number. 
Proposal #4: NRS is used as measure resource to derive the required NPDCCH repetition number. 

In RAN 1 #92 meeting, it was agreed to support this DCQ as optional feature for Rel-14 UE. Therefore, one state in the bit for DCQ reported is needed to indicate not support DCQ report. For the UE not support this feature, eNB has no information on the needed NPDCCH, therefore, eNB can use the same Rmax to configure USS. If so, not support this feature and no changed of existing configured Rmax can share the same states. Of course, it is still up to eNB on how to configure Rmax for USS. Rmax for NPDCCH used for RAR/Msg3 retransmission/Msg 4 can be used as a reference Rmax for the value to report. Therefore, 2 bits can indicate four states as Table 2. For the Rmax = 2,  state “01” can indicate AL =1 and RL =1. 
Proposal #5: Use 2 bits in RRC message of MSG 3 to indicate the DCQ as Table 2. 

Table 2
	DCI subframe repetition number
	States

	
	Rmax =1
	Rmax = 2
	Rmax >2

	00
	No support
	No support or

AL =2, RL =2
	No support or 

AL =2, RL =Rmax

	01
	AL =1, RL =1
	AL =1, RL =1
	AL =2, RL =Rmax/4

	10
	AL =2, RL =1
	AL =2, RL =1
	AL =2, RL =Rmax/2

	11
	AL =2, RL =2
	AL =2, RL =4
	AL =2, RL =2Rmax


3 Conclusion 
In this contribution, we discussed on the measurement report for NB-IoT. Based on the discussion, we made following proposals:
Proposal #1: The downlink channel quality reported in MSG 3 is derived based on layer 3 filter. The layer 3 filtering coefficients are configured in SIB.   
Proposal #2: Further study on the carrier for downlink channel quality.

Proposal #3: DCI format N1 with 23 bits and aggregation level 2 are assumed to derive the downlink channel quality. 
Proposal #4: NRS is used as measure resource to derive the required NPDCCH repetition number. 

Proposal #5: Use 2 bits in RRC message of MSG 3 to indicate the DCQ as Table 2.
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