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Introduction
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 about support of DL channel quality reporting.
	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].



Support of DL channel quality has been discussed now in RAN2 for a number of meetings. Good progress has been achieved with and the following agreements were made [2]:
	RAN2#104 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 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.

RAN2#106 agreements:
The DL channel quality of the configured carrier in RRC connected mode is reported by MAC CE.
Use the same LCID as agreed for eMTC.
We need to wait for RAN4 before deciding when to report.
FFS whether broadcast or dedicated signalling is used for NW to enable the reporting.

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.




RAN4#92 has discussed DL channel quality reporting with the following agreements [4]:
	MSG3 based quality reporting
· Use evaluation period T2 if quality report is associated with non-anchor carrier.

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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In this document we discuss the remaining issues after RAN2#107 after RAN4#92.
Discussion
DL Channel quality reporting in MSG3
In the RRC running CR [4], there is an Editor’s note as follows: 
	NOTE 2:	The downlink channel quality measurements may use measurement period T1 or T2, as defined in TS 36.133 [16]. In case period T2 is used the RRC-MAC interactions are left to UE implementation.
Editor’s Note: Waiting for RAN4 to define the measurement period for non-anchor carrier.



Following RAN4 agreement than the T2 period is used for measuring a non-anchor carrier, NOTE 2 can be updated to remove the word ‘may’ land the editors’ note removed.
Proposal 1: Update the notes in sections 5.3.3.3, 5.3.3.3a, 5.3.3.3b and 5.3.7.4 according to RAN4 agreements and remove the Editor’s note.

DL Channel quality reporting in connected mode
MAC CE to trigger the report 
RAN2#107 has agreed to introduce a MAC CE with empty payload and one of the reserved LCID is used to trigger the DL channel quality reporting.
Proposal 2: The codepoint/index of “10001” is used for MAC CE DL quality report command.
MAC: Table 6.2.1-1 Values of LCID for DL-SCH
	Codepoint/Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-01111
	Reserved

	10000
	Extended logical channel ID field

	10001
	Reserved DL quality report command

	10010
	Activation/Deactivation of PDCP Duplication

	10011
	Hibernation (1 octet)

	10100
	Hibernation (4 octets)

	10101
	Activation/Deactivation of CSI-RS

	10110
	Recommended bit rate

	10111
	SC-PTM Stop Indication

	11000
	Activation/Deactivation (4 octets)

	11001
	SC-MCCH, SC-MTCH (see note)

	11010
	Long DRX Command

	11011
	Activation/Deactivation (1 octet)

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding

	NOTE: Both SC-MCCH and SC-MTCH cannot be multiplexed with other logical channels in the same MAC PDU except for Padding and SC-PTM Stop Indication



MAC CE to report the DL channel quality
RAN2#107 has agreed to introduce a one-byte MAC CE DL channel quality report to support a maximum of 8 bits report and RAN4#92 report mapping and accuracy requirements as MSG3-based report.
In parallel, RAN4 has agreed to use the same report mapping as MSG3-based report.

To avoid impact to the RAN4 specification, we propose to use the same name as RRC for the parameter DL channel quality.

Proposal 3: Design the MAC CE DL Channel quality report with 4 reserved bits and one 4 bit field CQI-NPDCCH-NB.


MAC CE: DL Channel Quality Report

Proposal 4: The coding of CQI-NPDDCH-NB follows the same definition as in RRC and is described in a table in MAC.
-	CQI-NPDCCH-NB: this field indicates the the downlink channel quality measurement. The length of the field is 4 bits. The reported value and the corresponding NPDCCH levels are shown in Table xxxx below (the corresponding NPDCCH repetition level can be found in clause 9.1.22.15 of TS 36.133 [9]).
Table: CQI-NPDCCH-NB
	CQI-NPDCCH-NB
	Reported value

	0
	noMeasurement

	1
	candidateRep-A

	2
	candidateRep-B

	3
	candidateRep-C

	4
	candidateRep-D

	5
	candidateRep-E

	6
	candidateRep-F

	7
	candidateRep-G

	8
	candidateRep-H

	9
	candidateRep-I

	10
	candidateRep-J

	11
	candidateRep-K

	12
	candidateRep-L

	13
	reserved

	14
	reserved

	15
	reserved



Measurement Reporting

RAN4 has agreed “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”. 
We understand that RAN4 agreement means that the UE performs the measurement in the period that ranges from the reception of MAC CE DL quality report command to the reception of the UL grant scheduling the reporting. 
Proposal 5: The UE starts the DL channel quality measurement upon reception of the MAC CE DL channel quality report command.

Then, as per RAN2 agreement, when the measurement is available according to RAN4 measurement accuracy requirement, the MAC CE DL channel quality report is sent at the first opportunity according to the MAC logical channel prioritisation rules.
Thus, we need to discuss the priority of the new MAC CE in LCP procedure 
FFS: The new MAC CE DL channel quality report has the next priority after MAC CE for BSR. 

In our view, the priority of the DL channel quality report should be lower than the MAC control element for BSR, e.g. to avoid race condition with SPS BSR. Then, we also think, that in the case the UE has many data pending, it is preferable to report the DL channel quality sooner than later so that the eNB can adapt the repetition level of the NPDCCH sheduling the UL grant.  Note that the priority relative to PHR and sidelink BSR should be discussed in eMTC.
Proposal 6: For NB-IoT, the new MAC CE DL channel quality report has the next priority after MAC CE for BSR 

	For the Logical Channel Prioritization procedure, the MAC entity shall take into account the following relative priority in decreasing order:
-	MAC control element for C-RNTI or data from UL-CCCH;
-	MAC control element for DPR;
-	MAC control element for SPS confirmation;
-	MAC control element for AUL confirmation;
-	MAC control element for BSR, with exception of BSR included for padding;
-	MAC control element for DL channel Quality report;
-	MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;
-	MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC control element for Recommended bit rate query;
-	MAC control element for BSR included for padding;
-	MAC control element for Sidelink BSR included for padding.



Conclusion
In this document, we have discussed some remaining issues for DL channel quality reporting and made the following proposals:
Proposal 1: Update the notes in sections 5.3.3.3, 5.3.3.3a, 5.3.3.3b and 5.3.7.4 according to RAN4 agreements and remove the Editor’s note.
Proposal 2: The codepoint/index of “10001” is used for MAC CE DL quality report command.
Proposal 3: Design the MAC CE DL Channel quality report with 4 reserved bits and one 4 bit field CQI-NPDCCH-NB.
Proposal 4: The coding of CQI-NPDDCH-NB follows the same definition as in RRC and is described in a table in MAC.
Proposal 5: The UE starts the DL channel quality measurement upon reception of the MAC CE DL channel quality report command.
Proposal 6: For NB-IoT, the new MAC CE DL channel quality report has the next priority after MAC CE for BSR 
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