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Introduction
The WID of Rel-16 enhancements for NB-IoT was approved in RAN#80. The WID has been revised for several times and the lasted one is approved in RAN#83 [1]. The following objective is included in the WID:
	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 access. The quality report is not carried in the physical layer [RAN1, RAN2, RAN4]


In RAN1 #94~#95 meeting, based on the contributions, the following agreements have been achieved:
	RAN1#94 agreements:
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

RAN1#94bis agreements:
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

RAN1#95 agreements:
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.
Agreement
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.

RAN1#96 agreements:
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.

RAN1#96bis agreements:

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
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 RAN2 #104 meeting, based on the contributions, the following agreements have been achieved:
	RAN2 #104 meeting agreements:
Re-use the code points defined in Rel-14
Study the impact of re-using the Rel-14 RRC reporting mechanism and consider whether a MAC mechanism should be used instead.
RAN2 #105bis meeting agreements:
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.
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.
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Discussion
As the RAR carrier measurement reporting in Msg3 is used for Msg4 or later scheduling, it’s enough for EDT procedure as the RRC Msg4 is the last message. But for the legacy procedure, UE may be reconfigured by RRC Msg4 or RRC reconfiguration message to another carrier which is different from the RAR carrier, then the DL channel quality reporting in the Msg3 will be invalid for the new configured carrier. 
Observation 1: Once the UE is reconfigured to another carrier by RRC Msg4 or RRC reconfiguration message, the DL channel quality reporting in RRC Msg3 will be invalid for the new configured carrier.
With observation 1, it’s straightforward to consider reporting the DL channel quality of the new configured carrier. This can be seen as a kind of quality reporting in connected mode that has been included in the latest WID objectives. As the configured carrier can be obtained only when it is received from RRC Msg4 or RRC reconfiguration message, the DL channel quality of the new configured carrier should be evaluated after RRC Msg4 or RRC reconfiguration message. Considering that Msg5 or the reconfiguration complete message is the first UL transmission immediately after reception of the configured carrier, they would be the suitable opportunities for reporting the DL channel quality of the configured carrier.
Observation 2: As the DL channel quality of the new configured carrier should be evaluated after RRC Msg4 or RRC reconfiguration message, transmission of Msg5 or the reconfiguration complete message would be the suitable opportunities for reporting the DL channel quality of the configured carrier.
Taken into account that the channel quality reported in Msg3 can be measured in the period T2 (e.g the period from the beginning of the random access response to the beginning of PUSCH format 1 for DL channel quality reporting in Msg3, that’s between RAR reception and Msg3 transmission), the channel quality of the configured carrier should also be possible to be measured in the period from Msg4 reception to Msg5 transmission, or from RRC reconfiguration reception to RRC reconfiguration complete transmission. Such channel quality measurement may cause transmission delay for Msg5 transmission or RRC reconfiguration complete transmission. But we think it may not be big issue as NB-IoT is not latency sensitive. Anyway, the measurement occasion should be specified in RAN4. A draft LS to RAN4 can be found in [2].
Observation 3: With reference to measurement of the channel quality reported in Msg3, the channel quality of the configured carrier would be possible to be measured in the period from Msg4 reception to Msg5 transmission, or from RRC reconfiguration reception to RRC reconfiguration complete message transmission. And the measurement occasion of the configured carrier should be specified in RAN4.
After RAN2 #105bis meeting, it is FFS whether MAC or RRC is used for reporting the DL channel quality of the configured carrier. Generally speaking, MAC reporting scheme would be more flexible for RRC CONNECTED state, e.g. it can be used in any occasion when there has UL transmission. 
Proposal 1: The DL channel quality of the configured carrier in RRC connected mode could be reported by MAC CE, e.g., along with the RRC Msg5 or the RRC reconfiguration complete message.
Proposal 1a: Send LS to RAN4 to ask RAN4 to specify the measurement occasion for DL channel quality of the configured carrier. 
Taken into account that the DL channel quality report in RRC connected mode will cost extra radio resource, UE power consumption, and maybe even delay the RRC Msg5 or the RRC reconfiguration complete message transmission, an UE specific reporting indication would be needed to activate the DL channel quality report in RRC connected mode. Considering that the measurement is performed after RRC Msg4 or RRC reconfiguration message, the reporting indication can be sent in RRC Msg4 or RRC reconfiguration message.
Proposal 2: It’s suggested to introduce an indication in RRC Msg4 or RRC reconfiguration message to activate DL channel quality in RRC connected mode.
Considering that only the capable UE can be configured to report the DL channel quality report in connected mode, the UE should report its capability of supporting DL channel quality report in connected mode. .
Proposal 3: It’s suggested to define UE capability of supporting DL channel quality report in RRC connected mode.
Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: Once the UE is reconfigured to another carrier by RRC Msg4 or RRC reconfiguration message, the DL channel quality reporting in RRC Msg3 will be invalid for the new configured carrier.
[bookmark: _GoBack]Observation 2: As the DL channel quality of the new configured carrier should be evaluated after RRC Msg4 or RRC reconfiguration message, transmission of Msg5 or the reconfiguration complete message would be the suitable opportunities for reporting the DL channel quality of the configured carrier.
Observation 3: With reference to measurement of the channel quality reported in Msg3, the channel quality of the configured carrier would be possible to be measured in the period from Msg4 reception to Msg5 transmission, or from RRC reconfiguration reception to RRC reconfiguration complete message transmission. And the measurement occasion of the configured carrier should be specified in RAN4.

Proposal 1: The DL channel quality of the configured carrier in RRC connected mode could be reported by MAC CE , e.g., along with the RRC Msg5 or the RRC reconfiguration complete message.
Proposal 1a: Send LS to RAN4 to ask RAN4 to specify the measurement occasion for DL channel quality of the configured carrier. 
Proposal 2: It’s suggested to introduce an indication in RRC Msg4 or RRC reconfiguration message to activate DL channel quality in RRC connected mode.
Proposal 3: It’s suggested to define UE capability of supporting DL channel quality report in RRC connected mode.
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