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Introduction
At RAN4 #92, work on channel quality reporting for NB-IoT was progressed. Following agreements were reached [1]:
	Multi carrier operation connected channel quality report
· Use the same hypothetical NPDCCH parameters, report mapping and accuracy requirements as MSG3-based report.
· 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. Per TS 36.213, the NPDCCH repetition level can be from the set
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A Reply LS [2] was sent to RAN2 responding on their question if channel quality report (CQR) for configured carrier in RRC connected mode can be sent in Msg5 provided that the network instructs the UE to send a CQR in Msg4. RAN4 replied that rather a separate message exchange should be used based on provision of an UL grant for sending the DL CQR in RRC connected mode to the network. 
As informed by RAN2 in their incoming LS [3], RAN2 has achieved several agreements on DL channel quality reporting for NB-IoT in RRC connected mode at RAN2 #107. These agreements are replicated below.  
	RAN2#107 agreements:
Quality report in connected mode is transmitted on demand.
No implicit trigger is supported.
The trigger command is defined as a MAC CE with empty payload and one of the reserved LCID is used.
No feature enable indication is defined in RRC signalling.
UE capability signalling for quality reporting in connected mode is defined.
RAN2 confirm that DL Channel quality in MSG3 applies to initial access, i.e. when MAC MSG3 contain a CCCH SDU, and that the report corresponds to the carrier where the UE performs the random access procedure.
From RAN2 point of view, there is no need for a physical layer trigger for DL channel quality in connected mode.
From RAN2 point of view, there is no need for DL channel quality reporting (for RAR or unicast carrier) in MSG3 in connected mode. 
CCCH SDU in the MSG3 buffer needs to be updated after receiving RAR
Support of DL channel quality in MSG3 for non-anchor carrier is optional without capability reporting and is a separate capability from support of DL channel quality in MSG3 for the anchor carrier.
Use the codepoint/index of “10001” for the MAC CE DL channel quality report.
Introduce a one-byte MAC CE DL channel quality report to support a maximum of 8 bits report.
FFS: The new MAC CE DL channel quality report has the next priority after MAC CE for BSR. 
When the measurement is available, the MAC CE DL channel quality report is sent at the first opportunity according to the MAC logical channel prioritisation rules.
Support of DL channel quality in MSG3 for non-anchor carrier and support of DL channel quality in connected mode also apply when the UE is accessing via 5GC.




This contribution depicts an exemplary message sequence chart and lists some aspects to be assessed for specifying RRM requirements for CQR in RRC connected mode.
Signalling procedure for CQR in connected mode
In order to assess aspects that are relevant for RRM requirements specified by RAN4, the signalling procedure designed by RAN2 for CQR in RRC connected mode is described in this section.  
According to RAN2 agreements for DL channel quality report in connected mode, the signaling procedure for obtaining downlink channel quality report consists of the following steps.
· eNB will request for downlink channel quality report by sending a trigger commend including MAC CE with reserved logical channel ID in the downlink transmission.
· UE starts the DL channel quality measurement on the carrier, on which MAC CE was received, upon reception of the above command. 
· UE measures channel quality over a certain time, i.e. one or more NPDCCH periods, and then waits for the next UL MAC opportunity indicated in the UL grant L1 message received on NPDCCH.
· UE sends the measurement report on the next MAC opportunity for transmission considering the logical channel prioritization.
The signaling procedure is depicted in Figure 1.
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Figure 1: Signalling procedure defined by RAN2 for obtaining downlink channel quality report in RRC connected mode.
In case of connected mode measurements, the UE is not expected to trigger scheduling request for sending the downlink channel quality report alone. In such cases, after the downlink quality measurements are completed, the UE may need to wait until the next uplink opportunity to report the same. In this case the results may be outdated and not beneficial for ENB to consider for scheduling. Otherwise ENB may need to continue the measurements until the uplink transmission opportunity which is not energy efficient for the device.
Aspects for specifying RRM requirements
From the above message sequence diagram in section 2, following aspects need to be assessed for defining RRM requirements in RRC connected mode: 
· minimum required measurement time: the definition of the minimum required measurement time in terms of number of NPDCCH periods depending on the channel conditions (i.e. SNR, NPDCCH decoding result, etc.). The UE needs to at least measure the carrier for the specified minimum required measurement time.
· measurement time reduction in enhanced coverage: for enhanced coverage, the determination of the channel quality in RRC connected mode is expected to take much longer than for normal coverage. Reducing the measurement time in the first case would thus be beneficial for other tasks like UL data transmission or for UE power saving.  
· fallback mechanism for sending CQR at a later time: if the CQR is not ready to be sent once the UL transmission opportunity occurs, a fallback mechanism should be considered, so that the UE can send the CQR at a later time.
· avoidance of outdated CQR: the CQR may be outdated once there is an UL transmission opportunity, i.e. the UE has completed the measurement sufficiently before the UL transmission opportunity as indicated in the L1 UL grant on NPDCCH but cannot send it e.g. due to prioritization rules. This should be avoided.
Thus, the following proposals are made:
Following aspects: (i) minimum required measurement time, (ii) measurement time reduction in enhanced coverage, and (iii) avoidance of outdated CQR, should be further investigated by RAN4 when specifying RRM requirements for CQR in RRC connected mode.
Following aspect: fallback mechanism for sending CQR at a later time, should be indicated to be investigated by RAN1/RAN2 when specifying RRM requirements for CQR in RRC connected mode.
Conclusion
This contribution depicts the signalling procedure designed by RAN2 and lists some aspects to be assessed for specifying RRM requirements for CQR in RRC connected mode. It is proposed to agree the following proposals:
1. Following aspects: (i) minimum required measurement time, (ii) measurement time reduction in enhanced coverage, and (iii) avoidance of outdated CQR, should be further investigated by RAN4 when specifying RRM requirements for CQR in RRC connected mode.
1. [bookmark: _GoBack]Following aspect: fallback mechanism for sending CQR at a later time, should be indicated to be investigated by RAN1/RAN2 when specifying RRM requirements for CQR in RRC connected mode.
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