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At RAN#83, the Rel-16 work item on additional enhancements for NB-IoT was revised and approved in [1]. One of the objectives in this work item is to support Msg3 quality reporting for non-anchor access. A new objective is added to support quality reporting in connected mode for anchor and non-anchor carriers.
Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2, RAN4]
· 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].
In RAN1#94, the following agreements and working assumptions are reached:
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%
· FFS: Whether the details on the hypothetical NPDCCH are specified or not
For non-anchor access, RAN1 further studies how UEs report the measured channel quality
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
In RAN1#94bis, the following agreements are reached:
Agreement 
· 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.

For 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
In RAN1#95, the following agreements are reached:
Agreement 
· 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.
In RAN1#96, the following agreements are reached:
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
Agreement
In case of 2 bits are used for a non-anchor carrier, one of 3 candidate values can be reported in Msg3
· Which depends on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.
For further study in future meetings:
If supported, RAN1 further discuss how to derive the candidate values reported in Msg3 if no NPDCCH Type2 CSS on the carrier.
In RAN1#96bis, the following agreements are reached:
Agreement 
For channel quality report in connected mode, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%.
Agreement 
For channel quality report in connected mode other than Msg3, UE performs measurement on the carrier it is assigned to monitor in USS for NPDCCH and the associated NPDSCH.
· FFS other carrier(s)
Agreement
For channel quality report in Msg3 for non-anchor access, RAN1 send LS to RAN2 requesting the following information: 
· Number(s) of available bits for the quality reporting in Msg3
· Whether the quality report in Msg3 is transmitted in RRC or MAC CE
Send LS to RAN2 and CC RAN4. Ask, from RAN2, perspective, whether the above might be different for different cases. The LS is endorsed in R1-1905593.
Agreement
For channel quality measurement in Msg3 for non-anchor access, the maximum number of carriers reported in Msg3 is no larger than 2.
· FFS detail of the maximum number (1 or 2)
Agreement
eNB can enable/disable channel quality report in Msg3 for non-anchor access via SIB
· FFS details
· FFS whether the field in Rel-14 for anchor access is reused 
In this meeting, there are 9 contributions [2]-[10] submitted to this agenda. This document summarizes the views and proposals from different companies. As the feature lead, several issues are identified and listed hereafter for discussion.
Summary of contributions
A list of views from all contributions is summarized as follows.
	R1-1905969	Quality report in Msg3 and connected mode in NB-IoT	Ericsson 
Observation 1	On a non-anchor carrier where RAR is sent, there are enough NRS subframes for the UE to perform the measurements.
Observation 2	For DL channel quality reporting in connected mode, there does not seem to be any remaining open issues in RAN1.
Proposal 1	Only one DL non-anchor carrier should be used for channel quality reporting in Msg3.
Proposal 2	When an NB-IoT UE is capable of DL channel quality reporting in Msg3 and a non-anchor is configured for RAR, the UE should report the DL quality of a carrier indicated by the network using explicit signaling in SI. In the absence of such indication, the UE should report the DL quality of the carrier where the UE monitors RAR.
Proposal 3	For the carrier indicated by the network (if other carrier than the carrier where the UE monitors RAR), specify rules for NRS presence for the UE to perform channel quality measurements. The NRS presence rules can be similar to the current NRS presence rules during RAR on non-anchor carrier, with an NRS window (analogue to the RAR window) and Rmax (analogue to Rmax for Type-2 CSS).
Proposal 4	Conclude that from RAN1 point of view, the RAN2 working assumption that the same code points are used for DL quality reporting in connected mode as for Msg3 can be confirmed.
Proposal 5	Conclude that from RAN1 point of view, support of DL channel quality reporting in dedicated PUR transmission is feasible and beneficial but leave to RAN2 whether to introduce support for it or not.

	R1-1905975	Support of channel quality report in Msg3 and connected mode	Huawei, HiSilicon
Proposal 1: 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).
Proposal 2: RAN1 assumes that the number and value of the reported channel quality is decided by RAN2 and RAN4.

	R1-1906509	Support of quality report in Msg3 and Connected Mode for NB-IoT	ZTE
Observation 1: In RRC_CONNECTED mode, if UL channel of UE is out of synchronization, the DL channel quality of the UE may also have changed. 
Observation 2: Comparing with channel quality report via high layer signalling, “PDCCH order” based solution can save more signalling overhead.
Proposal 1: Confirm the working assumption in RAN1 #94 meeting with the following modification:
For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement only on the carrier it monitors to receive Msg2 (i.e. RAR).
Proposal 2: For channel quality report in connected mode other than Msg3, UE does not perform measurement on other carriers.
Proposal 3: In RRC-CONNETED mode, an indicator carried in “PDCCH order” can be used to indicate whether DL quality report is enabled in Msg3.

	R1-1906693	Downlink channel quality report during random access procedure on a non-anchor carrier	LG Electronics
Observation 1: Downlink interference condition can be different between anchor carrier and non-anchor carrier
Observation 2: Measurement and report of downlink channel quality on other carrier(s) can be beneficial as network can redirect NB-IoT downlink carrier to another one based on the reported downlink channel quality information
Proposal 1: If it is supported that UE performs downlink channel quality measurement on other carrier(s) than the carrier on which UE monitors Msg2, the following can be further considered
· NB-IoT downlink carrier(s) on which UE needs to measure downlink quality can be signaled by eNB
· If more than one NB-IoT downlink carrier is configured to UE for additional downlink channel quality measurement, UE reports the preferred NB-IoT downlink carrier position as downlink channel quality information
· FFS on whether the repetition number information will be reported together
· If one NB-IoT downlink carrier is configured to UE for downlink channel quality measurement, UE reports downlink channel quality information on the configured carrier
· If the downlink channel quality information is a relative value to the maximum repetition number of NPDCCH in Type2-CSS, the reference maximum repetition number of NPDCCH in Type2-CSS can be that on the carrier either where UE monitors Msg2 or UE performs measurement
· A proper amount of time or gap for measurement needs to be ensured, and the details are FFS

	R1-1906714	Support of Quality report in Msg3 on non-anchor carrier	Nokia, Nokia Shanghai Bell
Proposal 1:   	For channel quality report in connected mode other than Msg3, the UE can be configured to make measurements on other carriers as configured by the network.
Proposal 2:    	For channel quality measurement in Msg3 for non-anchor access, the maximum number of carriers reported in Msg3 is 1.

	R1-1906775	Quality report in Msg3 for NB-IoT non-anchor access	Intel Corporation
Observation 1:
· Indication of UE capability for support of DL quality report for non-anchor access in Msg3 via NPRACH partitioning would impact system capacity.
Observation 2:
· According to the RAN2 input, reserved bits in RRC message are used to carry the DL quality report in Msg3 for non-anchor access.
· It is up to UE (depending on its capability) whether the DL quality report is carried in RRC message, and eNB performs blind detection.
Proposal 1:
· The DL quality report for non-anchor access in Msg3 is configured semi-statically by higher layer signaling in a cell-specific manner.
· It is UE capability whether the DL quality report in Msg3 for non-anchor access is supported.
· For UEs supporting DL quality report for non-anchor access, the DL quality report for anchor carrier is also supported.
· The design of Msg3 should enable UE to choose whether DL quality report is transmitted in Msg3 or not, which requires no report of UE capability.
Proposal 2:
· For DL quality report in Msg3 in Idle mode, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). 
Proposal 3:
· It is UE capability to support the DL quality report in connected mode.
Proposal 4:
· For DL quality report in Msg3 in connected mode, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). 

	R1-1906899	Discussion on Msg3 report for non-anchor access	Samsung
Observation 1: DL quality of non-anchor carrier derived by NRS measurement on anchor carrier can hardly reflect actual interference condition on non-anchor carrier.
Observation 2: For DL quality in connected mode, the following issues can be further studied:
· Triggering signal
· Measurement duration
· NRS presence during DL quality measurement
Proposal 1: The following carriers are used for DL quality measurement to support Msg3 report for non-anchor access:
· If UE is capable of generating Msg3 after transmission of PRACH:
· Non-anchor carrier on which RAR is monitored, UE measure subframes containing NRS corresponding to Type-2 CSS for RAR
· Otherwise
· Non-anchor carrier on which paging is monitored, UE measure subframes containing NRS corresponding to NPDCCH candidate of paging
· Non-anchor carrier on which the position of NRS is configured by eNodeB

	R1-1907004	Support of quality report in msg3 and connected mode	Qualcomm Incorporated
Proposal 1: Confirm the following 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)

Proposal 2: For quality report in msg3, if channel quality measurement in carriers other than the msg2 carrier are allowed, they are restricted to one of the following carriers:
- In idle mode, the anchor carrier.
- In connected mode, the carrier configured by CarrierConfigDedicated-NB.

	R1-1907173	DL Quality Report on non-anchor carrier in NB-IoT	MediaTek Inc.
Observation 1: it is not desirable to send DL quality report based on measurements on paging carrier if paging carrier is different from RAR carrier.     
Proposal 1: idle UE only measures the paging carrier for DL quality report if the paging carrier is the same as the carrier it monitors to receive Msg2 (i.e. RAR).
Observation 2: 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 2: confirm the 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)”
Observation 3: Mobility during data transmission requires specification of UE mobility trigger other than RLF by connected UE based on measurements on other Carrier(s) configured by CarrierConfigDedicated-NB. 
Observation 4: Connected UE measurements in gaps e.g. DRX gaps, extended DL/UL transmission gaps may be required for mobility during data transmission.
Proposal 3: Usefulness of supporting of DL quality report based on measurements on other Carrier(s) configured by CarrierConfigDedicated-NB is unclear as mobility during data transmission is not in scope of Release-16 NB-IoT WI.     
Proposal 4: 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 5: The legacy DL quality report in connected mode is transmitted in RRC message.



Issues and discussion
Quality report for non-anchor access in Msg3
An LS from RAN2#105bis about non-anchor carrier CQI reporting in MSG3 [11] is received. The key points are extracted as follows.
	RAN2 has discussed the options to report CQI for non-anchor carrier in MSG3 for NB-IoT and has made the following agreements for non-EDT and EDT:
· Existing Msg3 signalling is used for reporting downlink channel quality when UE makes access on non-anchor carrier. 
· Existing SIB2 signalling is used to enable UE to report downlink channel quality on non-anchor carrier.
Note that this implies the code points specified in Release 14 for anchor carrier CQI reporting in MSG3 are used for non-anchor carrier CQI reporting in MSG3.



The RAN2 LS should be taken into consideration when RAN1 discuss this topic.
#1: The maximum number of carriers reported in Msg3
The maximum number is 1, explicitly or implicitly supported by: Ericsson, Huawei, ZTE, Nokia, Intel, MediaTek.
The maximum number is 2, not mentioned.
Based on the documents submitted in RAN1 and the understanding of the above RAN2 LS,
Recommended Proposal 1: For channel quality measurement in Msg3 for non-anchor access, the maximum number of carriers reported in Msg3 is 1.

#2: Which carrier can be measured and reported in Msg3 for idle mode
5 of 9 contributions directly say RAR carrier
· Huawei, HiSilicon, ZTE, Intel, Qualcomm, MTK
Meanwhile, Ericsson propose that the carrier reported in Msg3 is indicated by the network using explicit signaling in SI and without the presence of such indication the UE reports RAR carrier. LGE propose that if it is allowed measure on other carriers, NB-IoT downlink carrier(s) on which UE needs to measure downlink quality can be signaled by eNB. Samsung analyze paging and other carriers also can be measured in some cases with NRS presence. MediaTek think paging carrier only can be measured if it is same as RAR carrier. Qualcomm says if other carrier than RAR carrier is allowed for idle mode, it only can be anchor carrier.
Therefore, based on the document inputs and the understanding of the intention of above RAN2 LS, we can consider,
Recommended Proposal 2: For channel quality report in Msg3 on non-anchor access in idle mode, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR) is supported.
· FFS: the support of network indicate a carrier report in Msg3 via configuration (e.g. explicit signaling in SI)

#3: Which carrier can be measured and reported in Msg3 for connected mode
ZTE propose that only USS carrier is report in case there is Msg3 in connected mode and it is enabled by NPDCCH order. Intel propose that for the report in Msg3 in connected mode, the RAR carrier is used. Qualcomm propose that if other carrier than RAR carrier is allowed for connected mode, the other carrier is USS carrier. 
By understanding of RAN2 LS, same code points includes that the 2bits case for RRC_reestablishment in RRC connected mode as well as other 4bits cases. We can consider
Recommended Proposal 3: For channel quality report in Msg3 on non-anchor access in connected mode, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR) is supported.
· FFS: the support of USS carrier report in Msg3 via configuration (e.g. enabled by NPDCCH order)

Quality report in connected mode other than Msg3
Feature lead noticed that for connected mode, RAN2 has made the following agreements for NB-IoT during RAN2 105bis [12].
	Agreements:

· The DL channel quality reported in connected mode corresponds to the carrier used for the unicast transmission (i.e. configured by MSG4 or by a subsequent reconfiguration procedure).

· eNB enables the reporting of the DL Channel quality in connected mode. 
· FFS whether dedicated or broadcast signaling is used for enabling

· Periodic reporting or on-demand reporting are not supported.

· DL channel quality reported in connected mode is optional for the UE

· Working assumption that the same code points as Msg3 reporting is used.

· FFS whether MAC or RRC is used for reporting



In this RAN1 meeting, 5 of 9 contributions discuss the channel quality report in connected mode other than Msg3.
· Ericsson, Huawei, HiSilicon, ZTE, Nokia, MTK, Samsung
Ericsson proposes that the RAN2 working assumption that the same code points are used for DL quality reporting in connected mode as for Msg3 can be confirmed. And also observes that there is no open issue in RAN1 for connected mode.
Huawei proposes that RAN1 assumes that the number and value of the reported channel quality is decided by RAN2 and RAN4.
MTK proposes that 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 and report in RRC message.
Nokia propose that other carrier than USS can be supported, however, it seems RAN2 already have the agreement above with saying the report is for USS carrier.
Since these issues seems no impact in RAN1 specification and RAN2 already have some agreement/working assumptions, therefore we can consider:
Recommended Proposal 4: For channel quality report in connected mode other than Msg3, RAN1 assumes the following aspects are decided by RAN2 and RAN4.
· the number of the reported channel quality
· the mapping value of the reported channel quality
· report in RRC message or MAC CE
Recommended Proposal 4a: For channel quality report in connected mode other than Msg3, RAN1 further discuss whether physical layer triggering mechanism is needed.
Others
Intel discuss and propose some proposals related to UE capability, feature lead understand that it is early to discuss UE capability. Ericsson propose that channel quality report in dedicate PUR has benefit, feature lead understand that is may not proper to dicuss PUR related issue in this agenda item.
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