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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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 RAN1#97, the following agreements are reached:
Agreement
For channel quality measurement in Msg3 for non-anchor access, the maximum number of carriers reported in Msg3 is 1.

Agreement
For channel quality report in Msg3 on non-anchor access in idle mode, channel quality measurement on the carrier UE monitors to receive Msg2 (i.e. RAR) is supported.
· FFS: Support of network indication of which carrier to use to report Msg3 (e.g. explicit signaling in SI)

Agreement
For channel quality report in connected mode other than Msg3, RAN1 assumes the following aspects are decided by RAN2 and RAN4.
· number of candidate values for channel quality reports
· mapping value of reported channel quality
· report in RRC message or MAC CE
LS to RAN2 and RAN4 to convey this agreement is endorsed in R1-1907624 (Zhe, Huawei)
For further discussion
For channel quality report in connected mode other than Msg3, RAN1 further discuss whether physical layer triggering mechanism is needed.
For further discussion
RAN1 further discuss the followings for channel quality report in Msg3 on non-anchor access in connected mode
· The support of channel quality report in Msg3 in connected mode
· If supported, which carrier can be measured for the channel quality report in Msg3
· RAR carrier
· unicast carrier
· If supported, how to trigger the report in Msg3
In RAN1#98, the following agreements are reached:
Conclusion
For channel quality report in Msg3 on non-anchor access in idle mode, RAN1 does not further discuss any other carrier than the one UE monitors to receive Msg2 (i.e. RAR) in Rel-16.
For next RAN1 meeting
On the issue of supporting channel quality report in Msg3 on non-anchor access in connected mode for Rel-16, companies are encouraged to consider whether to support this feature considering recent RAN2 decision, details on triggering mechanism, the measurement carrier, etc
Conclusion
No consensus on the support of physical layer triggering for channel quality report in connected mode (other than Msg3) in Rel-16
In this meeting, there are 6 contributions [2]-[7] 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.
	R1-1909999	Quality report in Msg3 and connected mode in NB-IoT	Ericsson 
Proposal 1	Do not further discuss channel quality reporting in Msg3 on non-anchor carrier in connected mode in Rel-16 NB-IoT.

	R1-1910093	Support of quality report in Msg3 and connected mode	Huawei, HiSilicon
Proposal 1: Channel quality report in Msg3 in connected mode is not supported.
Proposal 2: Physical layer triggering for channel quality report in connected mode (other than Msg3) is not supported.

	R1-1910259	Support of Quality report in Msg3 on non-anchor carrier	Nokia, Nokia Shanghai Bell
Observation 1 : Connected Mode Quality reporting not using Msg3, is triggered by a MAC CE with an empty payload and a new reserved LCID.
Proposal 1 : Connected Mode Quality reporting using Msg3 is not supported.

	R1-1910275	Support of quality report in Msg3 and Connected Mode for NB-IoT	ZTE
Observation 1: When UL is asynchronous, the time interval from the moment of last TA update is quite long, thus the UL/DL channel quality of the UE may have already changed.
Observation 2: The UL/DL channel quality of the UE stored in the eNB may not be suitable for scheduling the next UL/DL transmission of the UE when UL Re-synchronization.
Observation 3: During UL Re-synchronization procedure, if updated UL/DL channel quality can be acquired by the eNB as soon as possible, the performance of UL/DL transmission can be improved by using the updated UL/DL channel quality for scheduling.
Observation 4: In RRC_CONNECTED mode, DL channel quality report is necessary during the UL Re-synchronization procedure when the UE recovers from UL asynchronous status.
Observation 5: For UE in RRC_CONEECTED mode, DL quality report in Msg3 is necessary during the contention based random access procedure for UL Re-synchronization. 
Proposal 1: DL channel quality of UE can be reported in Msg3 during contention based random access procedure for UL Re-synchronization triggered by PDCCH order.
Proposal 2: For channel quality report in Msg3 on non-anchor carrier in RRC_CONNECTED mode, SIB2 based enable mechanism in RRC_IDLE mode is reused.
Proposal 3: In RRC_CONNECTED mode, channel quality is measured only on carrier which NPDCCH of USS is monitored.

	R1-1910449	Discussion on Msg3 report for non-anchor access	Samsung
Proposal 1: Msg3-based DL quality report in connected mode should be deprioritized in Rel-16.
Proposal 2: For DL quality report in connected mode, the triggering signal is down-selected between:
· DCI
· MAC CE
Proposal 3: NRS presence for DL quality measurement should be studied to support DL quality measurement on non-anchor in connected mode.

	R1-1910729	Support of quality report in msg3 and connected mode	Qualcomm Incorporated
Proposal 1: Do not support quality report in msg3 for connected mode in non-anchor carrier in Rel-16.



Issues and discussion
Quality report for non-anchor access in Msg3 (CONNECTED mode)
In this meeting, 6 contributions discuss channel quality report in Msg3 on non-anchor access in connected mode. Ericsson, Huawei, Nokia and Qualcomm propose that quality reporting in Msg3 in connected mode is not further discussed in Rel-16. Samsung propose that Channel quality report in Msg3 in connected mode should be deprioritized in Rel-16. ZTE propose that only USS carrier is report in case there is Msg3 in connected mode and it is enabled by NPDCCH order or reusing SIB2 based enable mechanism in idle mode. 
· Yes: ZTE
· No: Ericsson, Huawei/HiSilicon, Nokia, Samsung, Qualcomm
And based on the LS sent from RAN2 [8], there is no channel quality reporting in Msg3 in connected mode from RAN2 point of view. Take the situation in RAN1 and the understanding of RAN2’s inputs, feature lead makes the following suggestion:
Recommended proposal 1: For the supporting of channel quality report in Msg3 on non-anchor access in connected mode, RAN1 does not further discuss in Rel-16.
Quality report in connected mode (other than Msg3)
[bookmark: _GoBack]In RAN1, one company mentioned in their contribution [6] that NRS presence for DL quality measurement should be studied to support DL quality measurement on non-anchor in connected mode. Feature lead noticed that in the incoming LS sent from RAN4 in [9], RAN4 has made the agreement to say UE can use the NPDCCH period which carries the UL grant of channel quality report for measurement of DL channel quality of the configured carrier. By feature lead’s understanding RAN4 already address this issue for measurement in connected mode, thus seems no need to study in RAN1.
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