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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#94 and 94bis, the following agreements and working assumption were made:
Agreement:
· For channel quality report in Msg3 on non-anchor access, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%
· For non-anchor access, RAN1 further studies how UEs report the measured channel quality
· FFS: Whether the details on the hypothetical NPDCCH are specified or not
· RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.
· From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed
· RAN1 does not define measurement reference resource for non-anchor access.
Working assumption: 
· For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)
· FFS: Whether the UE performs measurement on other carriers

Contributing companies were encouraged to further study the following scenarios with regards to downlink channel quality reporting in msg3 for non-anchor carrier access.
· For EDT/non-EDT, msg3 associated with PDCCH order PRACH, IDLE
· PUR
This contribution aims to discuss support of Msg3 quality reporting for non-anchor carrier.
[bookmark: _Ref481671177]Msg3 quality reporting for non-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

In the specification, NRS-based measurements are made on anchor carrier. The UE may assume the link quality of the anchor carrier correlates reasonably with the link quality of the non-anchor carrier which is assumed to experience similar propagation conditions. This is illustrated in Figure 1. In case anchor carrier and non-anchor carrier experience different traffic load, the anchor carrier link quality may not correlate with that of the non-anchor carrier accurately.
Observation 1: DL Quality report on non-anchor carrier allows more accurate estimation of link quality in case anchor carrier and non-anchor carrier experience different traffic load.
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Figure 1: Link quality measurements for anchor / non-anchor carrier in NB-IoT

Assuming UE is configured to transmit RACH preamble on non-anchor carrier, there seems to be no reason to specify new DL Quality channel report contents. The UE may transmit RACH preamble in legacy RACH procedure for initial access or EDT procedure for early transmission, or following NPDCCH order RACH for UL timing alignment procedure, on non-anchor carrier in the same way as for the anchor carrier. After transmitting the the RACH preamble, it receives RAR. It can measure SNIR   during T2 and compute hypothetical NPDCCH and select the candidate for the the DL Quality report and include it in Message 3. 
Proposal 1: For RACH procedure, EDT procedure, PDCCH order PRACH for UL timing alignment procedure, the UE uses same DL quality channel report contents for non-anchor carriers as specified for the anchor carrier – i.e. 4 bits (12 NPDCCH repetition levels) and 2 bits (3 repetition levels). 

In case of early ransmission on Preconfigured UL Resources (PUR), the UE could include a DL quality report with the data in Message 3. Message 1 and message 2 are skipped in PUR procedure. However, there is no obvious measurement resources to make measurements for the hypothetical NPDCCH metric in case of PUR. RAN1 agreed not to define measurement reference resource for non-anchor access. Further, DL Quality report in Message 3 for PUR has not been discussed for the anchor carrier case.
Observation 2: there is no obvious measurement resources to make measurements for the hypothetical NPDCCH metric in case of PUR on non anchor carrier.
Observation 3: DL Quality report in Message 3 for PUR has not been discussed for the anchor carrier case.

Conclusion
In this contribution, we discussed support of Msg3 quality reporting for non-anchor carrier.
Observation 1: DL Quality report on non-anchor carrier allows more accurate estimation of link quality in case anchor carrier and non-anchor carrier experience different traffic load.
Proposal 1: For RACH procedure, EDT procedure, PDCCH order PRACH for UL timing alignment procedure, the UE uses same DL quality channel report contents for non-anchor carriers as specified for the anchor carrier – i.e. 4 bits (12 NPDCCH repetition levels) and 2 bits (3 repetition levels). 
Observation 2: there is no obvious measurement resources to make measurements for the hypothetical NPDCCH metric in case of PUR on non anchor carrier.
Observation 3: DL Quality report in Message 3 for PUR has not been discussed for the anchor carrier case.
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