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At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is as the following:

Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]

The agreements reached at RAN1#94 are as follows:
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

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

Agreement
For non-anchor access, RAN1 further studies how UEs report the measured channel quality

[bookmark: _GoBack]The agreements reached at RAN1#94b are as follows:
Agreement 
RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.

Agreement
From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed

Agreement
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 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.
	R1-1812131	Support of quality report in Msg3 for non-anchor access in NB-IoT	Ericsson
Observation 1	On the non-anchor carriers where RAR is sent, there are enough NRS subframes for the UE to perform the measurements.
Proposal 1 Send LS to RAN2 and request their studies on the available number of bits can be used for DL channel quality reporting in msg3 for non-anchor carrier for both EDT and non-EDT case.
Proposal 2 When an NB-IoT UE is capable of the msg3-based channel quality reporting and non-anchor for RAR is configured, the UE should report the downlink quality of the carrier indicated by the network. In the absence of such indication, the UE should report the downlink quality of the carrier where the UE monitors msg2.
Proposal 3 In the carrier indicated by the network other than the carrier where the UE monitors msg2, specify the NRS patterns that the UE can use for the channel quality measurements in idle mode.
Proposal 4 Depending on the use cases, further study whether it is beneficial to include DL channel quality reporting when PUR is used.
Proposal 5 In connected mode, support direct DL channel quality report instead of channel quality reporting in msg3 associated with PDCCH ordered NPRACH in connected mode.

	R1-1812137	Msg3 quality reporting for non-anchor access	Huawei, HiSilicon
Observation 1: For EDT RACH, UE does not enter connected mode. UE can only perform the channel quality measurement on the carrier for Msg2 reception.
Observation 2: For non-EDT RACH, UE performing the measurement on the DL carrier in addition to the carrier for Msg2 reception and reporting the channel quality is beneficial to adapt the following unicast transmission.
Observation 3: For NPDCCH ordered RACH, UE performing the measurement on the DL carrier in addition to the carrier for Msg2 reception and reporting the channel quality is beneficial to adapt the following unicast transmission.
Proposal 1: Confirm the working assumption for measurement on the carrier for Msg2, and allow UE to perform measurement on other carriers also at least for non-EDT and NPDCCH ordered RACH cases.
Observation 4: The eNB transmission power on non-anchor carrier can be 12 dB less than anchor carrier which results in larger repetitions and poor measurement accuracy than anchor carrier.
Observation 5: Non-anchor carrier possibly wastes more resource than anchor carrier due to the lack of downlink channel report value candidates.
Proposal 2: Channel quality report in Msg3 for downlink non-anchor carrier needs to be improved than anchor carrier.
Proposal 3: For the case of 3 candidate values, the channel quality report in Msg3 on non-anchor carriers can take the following information into consideration:
· Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.
· R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.
· Rdecoded, the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.

	R1-1812462	DL quality reporting in Msg3 for non-anchor access in NB-IoT	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:
RAN2 inputs are needed regarding how to carry the DL quality report in Msg3 for non-anchor access:
· Using reserved bits in RRC message,
· A sufficient gap is needed between Msg2 and Msg3 to accommodate the duration needed for measurement and reconstruction of the RRC message.
· Or introducing a dedicated MAC CE.
· A larger TBS is needed for Msg3 with DL quality report. 

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 UL grant and 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:
Support scheduling of multiple TBS values similar as EDT design, where part of the TBS values are for Msg3 without DL quality report while the rest are for Msg3 with DL quality report. It is up to UE to choose preferred TBS value and to decide whether DL quality report is carried in Msg3 (Option 2).

	R1-1812539	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
Observation 3: Measurement and report of downlink channel quality in RRC connected mode can be beneficial as NB-IoT downlink carrier assignment is limited to RRC setup procedure in an initial random access procedure
Observation 4: Measurement and report of downlink channel quality can be beneficial for UE in RRC idle mode transmitting NPUSCH in preconfigured UL resources as downlink channel quality can vary over time
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
Proposal 2: If UE in RRC connected mode performs downlink channel quality measurement, the downlink channel quality definition reuses that for anchor access with the following update
· The downlink channel quality definition is the number of repetitions that the UE needs to decode hypothetical NPDCCH in USS with BLER of 1% upon the NB-IoT downlink carrier where UE monitors NPDCCH in USS

	R1-1812714	Quality report in Msg3 on non-anchor carrier in NB-IoT	MediaTek Inc.
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.

	R1-1812777	Support of Quality report in Msg3 for non-anchor access	ZTE
Observation 1: For channel quality report in Msg3 on non-anchor access, channel quality measurement on the carrier that UE receives Msg2 is beneficial for performance improvement of Msg4 transmission.
Observation 2: For channel quality report in Msg3 on non-anchor access, besides the carrier that UE receives Msg2, channel quality measurement on other carriers is beneficial for performance of DL data transmission after Msg4.
Observation 3: For a non-anchor carrier, the time period T1 and T2 can be used as the measurement period to derive the NPDCCH repetition number that satisfies the hypothetical NPDCCH BLER of 1%.
Observation 4: During the time period of T2, the NB-IoT UE can only perform the channel quality measurement on the carrier it monitors to receive Msg2.
Observation 5: For non-anchor carriers, UE can perform the channel quality measurement on multiple carriers in time period T1.
Observation 6: For EDT, Msg3 has enough spare bits to support channel quality report of multiple carriers.
Observation 7: If only one carrier’s channel quality report is needed in Msg3, the solution of channel quality report in Msg3 for anchor carrier can be reused for non-anchor carrier.
Proposal 1: Confirm the Working assumption of RAN1 #94 meeting as following:
For channel quality report in Msg3 on non-anchor access, UE shall perform the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)
· If the UE has the capability of channel quality measurement on multiple carriers during time period T1, channel quality measurement on multiple carriers is supported.
Proposal 2: For Non-EDT Msg3, if channel quality reports of multiple carriers are needed in Msg3, a larger Msg3 TBS is introduced for carrying channel quality report.
Proposal 3: For PDCCH order triggered contention based random access, if channel quality report in Msg3 is enabled, UE can report the channel quality of the carrier on which the PDCCH order is received in Msg3.

	R1-1812934	Support of Quality report in Msg3 on non-anchor carrier	Nokia, Nokia Shanghai Bell
Proposal 1:	For channel quality report in Msg3 on non-anchor access, the UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR).
Proposal 2:	For channel quality report in Msg3 on non-anchor access, the UE can also optionally be requested by the network to supply the channel quality measurement on another non-anchor carrier signalled by the network.
	FFS:   If the level of NRS on that non-anchor carrier is also indicated.
Proposal 3:	Send LS to RAN2 to confirm the number of bits available for DL channel quality reporting in msg3 for non-anchor carrier.
Proposal 4:	Send LS to RAN4 to study how to define the DL channel quality reporting in msg3 for non-anchor carrier given the available bits.

	R1-1812949	Discussion on quality report in Msg3 for NB-IoT	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.

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

	R1-1813050	Support of quality report in msg3 for non-anchor	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: RAN1 to consider reporting of DL channel quality in connected mode.

Proposal 3: The DL quality reporting in msg3 uses 2 or 4 bits (same as Rel-14)
	- For the 4 bit report, all repetition levels can be reported
	- For the 2 bit report, 3 repetition levels can be reported, which depend on the configured Rmax for the corresponding coverage level.



Issues and discussion
NB-IoT carrier(s) for channel quality measurement
7 of 9 contributions discuss channel quality measurement on other carriers than UE receiving RAR. They observe benefit if channel quality can be measured on other carrier(s):
· Ericsson, Huawei, HiSilicon, LGE, ZTE, Nokia, Samsung, Qualcomm
Meanwhile, Ericsson propose the carrier is indicated by eNB. Huawei/HiSilicon propose it is at least for non-EDT and NPDCCH order cases. LGE propose that the carrier is configured by network and amount of time or gap needs to be ensured. If more than one carriers are configured UE select preferred carrier. ZTE propose UE capability for measurement of multi-carrier in T1. Nokia also mentioned signaled by network. Samsung propose that the carrier can be paging carrier.
Some companies discuss which NRS can be used for the non-anchor carriers.
Therefore, we can consider to confirm the working assumption on the carriers UE performs measurement with some update:
Recommended Proposal 1: Confirm the working assumption with update:
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)
· UE performs measurement on other carriers is also supported. FFS the details among the following aspects
· Configured by network with implicit or explicit signaling
· Whether amount of time or gap is needed
· Which carrier(s) UE reported if more than one configured
· What kind of NRS UE can use for the measurement and whether needs indication
· Whether UE capability is needed
· Which of the identified cases are suitable (EDT, non-EDT, msg3 associated with PDCCH order PRACH, IDLE)

Note that 3 companies Ericsson/LGE/Qualcomm mentioned channel quality reporting in RRC_connected mode is beneficial. This topic is out of scope of the WID, hence we do not treat it at this stage.
Channel quality report
Several companies observe that there exists difference for non-anchor and anchor carrier. Huawei/HiSilicon observe that non-anchor carrier can have 12dB less transmit power than anchor. LGE and Samsung observe that downlink interference condition can be different between anchor carrier and non-anchor carrier. MTK observe that 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.
Meanwhile, for the number of bits used for the report, Ericsson and Nokia propose to send LS to RAN2. Huawei/HiSilicon propose in case of 3 candidate values is used, 3 information of Rmax, R, Rdecode can be taken into consideration for the report. Intel mentioned if the report is carried in MAC CE will require a larger TBS for Msg3. MTK propose to use same as anchor i.e. 2bits (for 3 repetition level) and 4bits (for 12 repetition level). ZTE observe that for EDT case, Msg3 has enough spare bits to report quality. Qualcomm also propose to reuse 4bits for all repetition levels. 2bits for 3 repetition levels where the report depending on Rmax.
Intel mentioned different cases where the report is carried on RRC or MAC. Ericsson mentioned in NPDCCH ordered Msg3 case there is no RRC signaling.

Therefore, we can consider，
Recommended Proposal 2: In case of 4bits 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.

Recommended Proposal 3: In case of 2 bits is used for a non-anchor carrier, 3 candidate values can be reported in Msg3. FFS the 3 values corresponding to:
· Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.
· R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.
· Rdecoded, the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.

Recommended Proposal 4: Send LS to RAN2 and request their studies and confirmation on the followings for DL channel quality reporting in Msg3:
· The available number of bits for the reporting
· The specific higher layer (RRC/MAC) to carry the reporting
· Address different  scenarios i.e. EDT, non-EDT, msg3 associated with PDCCH order PRACH, IDLE

UE capability
One company (Intel) proposes that it is UE capability whether to support non-anchor in Msg3 and the UE which capable to perform non-anchor carrier is also supporting for non-anchor carrier. And which requires no report of UE capability by design.
Therefore, we can consider
Recommended Proposal 5: RAN1 further study whether UE capability is needed for the support of DL channel quality report in Msg3 for non-anchor carrier.
· For UEs supporting DL quality report for non-anchor access, the DL quality report for anchor carrier is also supported. 
· The design should enable UE to choose whether DL quality report is transmitted in Msg3 or not, which requires no report of UE capability.
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