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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#96, the following agreements and working assumption requiring further study were made:
For further study in future meetings: 
· For channel quality report in Msg3 on non-anchor access, RAN1 identified the following scenarios in which UE may monitor a carrier that is different from the carrier in which the UE receives Msg2 (i.e. RAR):
· Idle mode
· Non-EDT random access procedure 
· EDT procedure
· Connected mode
· NPDCCH ordered NPRACH procedure
· Random access procedure to apply for UL-SCH resource
Agreement
· For the measurement on carrier(s) other than the one UE is receiving RAR for non-anchor access, if supported, RAN1 to select one or more among the following candidates:
· Paging carrier
· Anchor carrier
· Carrier(s) configured by CarrierConfigDedicated-NB in connected mode
· Other carriers configured by network with implicit or explicit signaling
The following issues are identified for RAN1 further study
· Whether amount of time or gap is needed for the measurement
· Which carrier(s) UE reported if more than one carrier is measured
· What kind of NRS UE can use for the measurement and whether needs indication
In RAN#83, the following objective was added to R16 NB-IoT WI
· Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].
This contribution aims to discuss support of Msg3 quality reporting for non-anchor carrier.

[bookmark: _Ref481671177]Msg3 quality reporting for non-anchor carrier
[bookmark: _GoBack]The RRC parameters release-15 dl-ConfigListMixed in SIB22 list up to 15 non-anchor carriers and associated configurations that can be used for paging or random access. The IE SystemInformationBlockType22-NB contains radio resource configuration for paging and random access procedure on non-anchor carriers. The IE SystemInformationBlockType23-NB contains radio resource configuration for NPRACH resources using preamble format 2 on non-anchor carriers. In the specification 36.211, it is stated that
· During the window controlled by higher layers where the UE shall attempt to decode the NPDCCH with DCI scrambled by RA-RNTI (see [8], subclause 5.1.4), the UE may assume NRSs are transmitted in the Type-2 CSS configured by higher layers, as well as in 10 NB-IoT DL subframes before and in 4 NB-IoT DL subframes after each Type-2 CSS, where NB-IoT DL subframes without NRS are not counted. If a DCI scrambled by the RA-RNTI is detected, the UE may assume NRSs are transmitted in the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, as well as in 4 NB-IoT DL subframes before and after the scheduled NPDSCH, where NB-IoT DL subframes without NRS are not counted. In addition, when the UE attempts to decode a DCI with CRC scrambled by the RA-RNTI as well as receiving the NPDSCH scheduled by the DCI scrambled by the RA-RNTI, the UE may assume NRSs are transmitted in subframes #0, #1, #3, #4 and #9.
Hence, the UE has at least 10 subframes before and 4 subframes after the Type-2 CSS, where NB-IoT DL subframes without NRS are not counted. This is sufficient to make measurements on a non-anchor carrier configured to receive RAR for the DL channel quality report in normal coverage. In case of poor coverage, the UE may need to make measurements over several Type-2 CSS to get a more reliable DL channel quality report. This is up to the UE implementation.
Observation 1: The UE can make measurements in 10 subframes before and 4 subframes after the Type-2 CSS on non-anchor carrier, if configured to receive RAR on non-anchor carrier.

Carrier(s) configured by CarrierConfigDedicated-NB in connected mode
An idle UE can receive paging or transmit preamble on either the anchor carrier or non-anchor carrier. The idle UE can receive RAR carrier on anchor or non-anchor carrier. When UE moves from idle to connected mode after initial cell access, the DL carrier in connected mode can be different from the RAR carrier in idle mode depending on RRC configuration. On completion of RRC Connection setup in random access procedure, the DL quality report can be extended to connected mode if the UE makes measurements on the configured carrier for connected mode. 
This allows connected UE to report DL quality report during NPDCCH ordered NPRACH procedure or when initiating random access procedure to apply for UL-SCH resource. The configured carrier for connected mode can be an anchor carrier or a non-anchor carrier. It is preferred if the connected UE only makes measurement on one configured carrier to avoid impact to power consumption. 
Proposal 1: Idle UE makes measurements on the configured RAR carrier for DL quality report of Msg3.
Proposal 2: Connected UE makes measurements on the configured carrier for DL quality report of Msg3.
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 1. Downlink channel quality measurement report mapping of CQI-NPDCCH-NB
The legacy DL quality report with 4 bits can provide 12 candidates for NPDCCH repetition level for the user plane. This seems sufficient for link adaptation of DL NPDSCH on non-anchor carrier for the connected mode. 
Proposal 3: The legacy DL quality report with 4 bits (i.e. 12 candidates for NPDCCH repetition level) for the user plane can be used for the connected mode.
Based on RP#83 decision, the quality report is not carried in the physical layer. There is no piggy back of DL quality report on UCI on NPUSCH format 1. The DL quality report can be carried by RRC message or MAC CE. Since high latency and fast closed loop link adaptation is not seen as essential, it seems un-necessary to transmit the DL quality report on MAC CE. It is sufficient to transmit the DL quality report in RRC message.
Proposal 4: The legacy DL quality report in connected mode is transmitted in RRC message.

Paging carrier
Solutions for NRS presence even when no paging on non-anchor carrier are considered for specification. Assuming idle UE can use sufficient NRS to make measurements for DL quality report on paging carrier, it is not needed that the idle UE initiate cell access to send DL quality report in Msg3 if it is not paged. In the specification, the paging carrier can be different from the RAR carrier. It seems not desirable that idle UE transmits DL quality report based on measurements on paging carrier if RAR carrier is different from paging carrier. It is preferred if the idle UE only makes measurement on one configured carrier to avoid unnecessary channel measurements which will have negative impact on power consumption. Further, if UE makes measurements on paging carrier and RAR carrier, it is not clear which DL quality report to transmit during initial cell access – i.e. transmit DL quality report for paging carrier, for RAR carrier, for both paging and RAR carriers. 
Observation 2: it is not desirable to send DL quality report based on measurements on paging carrier if paging carrier is different from RAR carrier.     

Other carriers configured by network with implicit or explicit signaling
It is not desirable to require connected UE to make measurements on more than one configured carrier with current assumption that
· Connected UE 
· Can only receive or transmit on one configured carrier at a time
· Does not need to make measurements in cell other than serving cell following RLF trigger
· Idle UE
· Only monitor one configured carrier for paging
· Only monitors one configured carrier for the RAR
Observation 3:  It is preferred if the idle UE and connected only makes measurement on one configured carrier to avoid impact to power consumption

Conclusion
In this contribution, we discussed support of Msg3 quality reporting for non-anchor carrier.
Observation 1: The UE can make measurements in 10 subframes before and 4 subframes after the Type-2 CSS on non-anchor carrier, if configured to receive RAR on non-anchor carrier.
Proposal 1: Idle UE makes measurements on the configured RAR carrier for DL quality report of Msg3.
Proposal 2: Connected UE makes measurements on the configured carrier for DL quality report.
Proposal 3: The legacy DL quality report with 4 bits (i.e. 12 candidates for NPDCCH repetition level) for the user plane can be used for the connected mode 
Proposal 4: The legacy DL quality report in connected mode is transmitted in RRC message.
Observation 2: it is not desirable to send DL quality report based on measurements on paging carrier if paging carrier is different from RAR carrier.     
Observation 3:  It is preferred if the idle UE and connected only makes measurement on one configured carrier to avoid impact to power consumption
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