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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In RAN1#95, the following agreements and working assumption were made:
· In case 4 bits is used for a non-anchor carrier, all repetition i.e. 12 candidate values {1,2,4,8,16,32,64,128,256,512,1024,2048} can be reported in Msg3.
· In case of 2 bits is used for a non-anchor carrier, 3 candidate values can be reported in Msg3. Select one of the following alternatives for determining the 3 values:
· Depending on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.
· Depending on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.
· Depending on Rdecoded, based on the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.
This contribution aims to discuss support of Msg3 quality reporting for non-anchor carrier.
[bookmark: _Ref481671177]Msg3 quality reporting for non-anchor carrier
On the anchor carrier, the reported NPDCCH repetition level is derived from the channel quality measured using cell specific reference signals from one or two ports in the period T1 or T2 in the carrier where the random access response is transmitted. 
· T1 is the period before NPRACH transmission used for NRSRP measurement for enhanced coverage level estimation
· T2 is the period from the beginning of the random access response to the beginning of PUSCH format 1 for DL channel quality reporting.
RAN2 specified number of bits for DL channel quality reporting in MSG3 for anchor carrier. There are 4 bits, i.e. 15 measured values (codepoint “0000” indicates absence of measurements), 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. Based on RAN2 agreement, RAN4 further specified there are 12 NPDCCH repetition levels indicated in CQI-NPDCCH-NB for the User Plane, and 3 NPDCCH repetition levels indicated in CQI-NPDCCH-Short-NB for the control plane. This is shown in Table 2 and 3 below.  
	Reported value
	NPDCCH repetition level

	noMeasurement
	No measurement reporting

	candidateRep-A
	1

	candidateRep-B
	2

	candidateRep-C
	4

	candidateRep-D
	8

	candidateRep-E
	16

	candidateRep-F
	32

	candidateRep-G
	64

	candidateRep-H
	128

	candidateRep-I
	256

	candidateRep-J
	512

	candidateRep-K
	1024

	candidateRep-L
	2048


Table 2. Downlink channel quality measurement report mapping of CQI-NPDCCH-NB

	Reported value
	NPDCCH repetition level

	noMeasurements
	No measurement reporting

	candidateRep-1
	Rmax/[8] (Note 1)

	candidateRep-2
	Rmax

	candidateRep-3
	[4]×Rmax (Note 2)

	Note 1: When Rmax is less than 8, set candidateRep-1 to 1. 
Note 2: When Rmax is more than than 512, set candidateRep-3 to 2048.


Table 3. Downlink channel quality measurement report mapping of CQI-NPDCCH-Short-NB

The non-anchor carrier has typically better estimated link quality than the anchor carrier. The non-anchor carrier is “cleaner” as NRS is only transmitted as needed. This allows better SINR estimation as there is less inter-cell interference to NRS. Further, non-anchor carrier may have relatively lower system load than that in anchor carrier as it is not use for broadcasting of system information, may not be used for paging, and not used for RRC signalling in initial cell access or cell re-selection. 

Alternatives to determine the 3 candidate values can be reported in Msg3 in case of 2 bits is used for a non-anchor carrier: 
· Depending on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS
· The eNB may configure smaller Rmax value on the non-anchor carrier for the corresponding coverage class level due to relatively better link quality than hat typically experienced on the anchor carrier. 
· Depending on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.
· The RACH preamble detection performance may vary with channel fading, propagation environment, velocity, and UL power control. The eNB may typically need to indicate a conservative DCI subframe repetition number value in DCI format N1. 
· 	Depending on Rdecoded, based on the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully
· 	Similarly, the RACH preamble detection performance may vary with channel fading, propagation environment, velocity, and UL power control. The eNB may typically need to indicate a conservative number of repetitions value in DCI format N1.
We have preference to use alternatives based on Rmax for NPDCCH Type 2 CSS for corresponding coverage class level. This seems better way as eNB may configure Rmax with some margin based based on history of RACH preambles transmitted by all UEs in the cell. 

Proposal 1: For the 2 bit report, the 3 candidate values that can be reported in Msg3 for a non-anchor carrier is based on Rmax for NPDCCH Type 2 CSS for the corresponding coverage class level.


Conclusion
In this contribution, we discussed support of Msg3 quality reporting for non-anchor carrier.
Proposal 1: For the 2 bit report, the 3 candidate values that can be reported in Msg3 for a non-anchor carrier is based on Rmax for NPDCCH Type 2 CSS for the corresponding coverage class level.
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