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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].



DL channel quality reporting has been discussed now in RAN2 for a number of meetings and the following agreements were made:
	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.

R2-1905263 LS on non-anchor carrier CQI reporting in MSG3	Qualcomm Incorporated 	
	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.
	
R2-1908262 LS on DL channel quality report for configured carrier in RRC connected mode	ZTE



RAN1 has also been discussing channel quality report for NB-IoT and made the following agreements at RAN1#97
	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.
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




RAN1 also sent a LS to RAN2/RAN4 [3] as follows:
	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


 
In this document, we discuss the remaining issues for DL channel Quality reporting in MSG3 and in connected mode and try to solve the contradicting agreements between RAN2 and RAN1.
Discussion
DL Channel quality reporting in MSG3
In RAN2, we have agreed:
	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.



In our understanding, “Msg3 quality reporting for non-anchor access” is an extension of the rel-14 mechanism to initial access on a non-anchor carrier, i.e. it applies during a RACH procedure triggered by RRC and carrying a RRC message and the report corresponds to the carrier where the UE performed the random access procedure.
However, it seems that there is some different understanding in RAN1, as they seem to differentiate between MSG3 in idle mode and MSG3 in connected mode and also consider other carrier for reporting:
	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)
For further discussion
RAN1 further discuss the followings for channel quality report in Msg3 on non-anchor access in connected mode



Proposal 1:	RAN2 to 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.

RAN2 has agreed to reuse the Rel-14 signalling for Msg3 quality reporting for non-anchor access, thus there should be no impact on RRC specification apart from removing the restriction that the measurement is only defined for the anchor carrier. 
Proposal 2:	Update RRC specification to remove the restriction that the DL channel quality measurements is only defined for the anchor carrier. 

As a NB-IoT UE selects randomly a NPRACH carrier for access at each RACH attempt, the RRC MSG3 will need to be rebuilt after each successful RACH attempt.  If the RRC message is already in the MAC MSG3 buffer, then it will need to be replaced. This should be made clear in MAC.
Proposal 3:	To capture in MAC specification that the CCCH SDU in the MSG3 buffer needs to be updated after a successful RACH attempt.

In Rel-14, support of DL channel quality in MSG3 for the anchor carrier is optional without capability reporting. Similarly, in Rel-16, support of DL channel quality in MSG3 for the non-anchor carrier should be optional without capability reporting. However, as measurements on non-anchor carrier are currently not supported, we think it should be a separate capability.
Proposal 4:	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.
DL channel quality reporting in connected mode 
Reporting mechanism
DL Channel quality reporting in connected mode other than MSG3
Both RAN1 and RAN2 have agreed that the measurements were performed on the carrier configured for unicast transmission, and RAN2 has agreed that the configuration of the carrier via dedicated signaling was the trigger for the reporting. Thus there is no need for a physical layer trigger.  
Proposal 5:	From RAN2 point of view, there is no need for a physical layer trigger for DL channel quality in connected mode.
DL Channel quality reporting in connected mode in MSG3
It is not quite clear what RAN1 is trying to achieve with reporting in MSG3 in connected mode. It may just be due to some different interpretation of MSG3 and idle/connected mode in the two groups.
For the first option, RAR carrier, we do not see much benefit for reporting the DL channel quality of the RAR carrier in connected mode, as the DL transmission will switch back to the unicast carrier after NPDCCH.
For the second option, unicast carrier, we do not understand the justification for reporting in RACH MSG3. In addition, due to the short lived connection in NB-IoT, we do not see the need for another trigger than the configuration of the carrier. 
Proposal 6:	From RAN2 point of view, there is no need for DL channel quality reporting (RAR or unicast carrier) in MSG3 in connected mode. 

Enabling the reporting in connected mode
DL channel quality reporting in MSG3 and in connected mode are two different features, thus the Rel-14 indication in SIB2 cannot be reused to enable DL channel quality reporting in connected mode.
As a new indication needs to be introduced and that the usage will be in connected mode, we think it is more appropriate to introduce the indication in dedicated signaling, e.g. in IE PhysicalConfigDedicated-NB.
Proposal 7:	Introduce a new parameter cqi-ReportingConfig-r16 in IE PhysicalConfigDedicated-NB to enable the DL channel quality reporting in connected mode.

RAN2 has already agreed that DL channel quality reported in connected mode was optional at the UE. For the eNB to be able to configure the UE, the eNB needs to know the UE support.
Proposal 8:	Introduce a physical layer capability cqi-Reporting-r16 ENUMERATED {supported}.

MAC CE design
RAN2 has agreed to use a MAC for reporting of the DL Channel quality and reuse the same LCID, this implies to use a ‘reserved’ LCID.
Proposal 9:	Use the codepoint/index of “10001” for the MAC CE DL channel quality report.
Table 6.2.1-2 Values of LCID for UL-SCH [5]
	Codepoint/Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101
	CCCH and Extended Power Headroom Report

	01110-01111
	Reserved

	10000
	Extended logical channel ID field

	10001
	Reserved DL quality report

	10010
	AUL confirmation (4 octets)

	10011
	AUL confirmation (1 octet)

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding



RAN2 has made the working assumption that the same code points as Msg3 reporting are used, i.e. 4 bits, thus 1 byte MAC CE is enough. 
Proposal 10: Introduce a one-byte MAC CE DL channel quality report.

The new MAC CE DL channel quality report follows the legacy rules for MAC multiplexing, i.e. when triggered it has higher priority that the UL data. The relative priority compared to other MAC CE needs to be decided. In our view, it should have slightly slowest priority to BSR.
Proposal 11: The new MAC CE DL channel quality report has the next priority after MAC CE for BSR. 

At RAN2#106, we sent a LS to RAN4 to ask when / how the measurements will be performed in connected mode to decide when to report. We think that, actually, it does not matter for RAN2, i.e. once the measurement is available, the MAC CE DL Channel quality will be sent at the first opportunity according to the MAC logical channel prioritisation rules. 
Proposal 12: 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.
DL channel quality reporting applicability to 5GC
As DL channel quality reporting and Connection to 5GC are two independent features, it needs to be clarified if they are supported together.
Considering that DL channel quality reporting is a pure AS feature, there is no reason why it would not be applicable also to 5GC. Also, there is no need for different capabilities. 
Proposal 13: 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. The capability is common for access via 5GC and access via EPC.
Conclusion
In this document, we have discussed remaining issues on DL channel quality reporting for NB-IoT and made the following proposals:
Proposal 1:	RAN2 to 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.
Proposal 2:	Update RRC specification to remove the restriction that the DL channel quality measurements is only defined for the anchor carrier. 
Proposal 3:	To capture in MAC specification that the CCCH SDU in the MSG3 buffer needs to be updated after a successful RACH attempt.
Proposal 4:	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.
Proposal 5:	From RAN2 point of view, there is no need for a physical layer trigger for DL channel quality in connected mode.
Proposal 6:	From RAN2 point of view, there is no need for DL channel quality reporting (for RAR or unicast carrier) in MSG3 in connected mode. 
Proposal 7:	Introduce a new parameter cqi-Reporting-r16 in IE PhysicalConfigDedicated-NB to enable the DL channel quality reporting in connected mode.
Proposal 8:	Introduce a physical layer capability cqi-Reporting-r16 ENUMERATED {supported}.
Proposal 9:	Use the codepoint/index of “10001” for the MAC CE DL channel quality report.
Proposal 10: Introduce a one-byte MAC CE DL channel quality report.
Proposal 11: The new MAC CE DL channel quality report has the next priority after MAC CE for BSR. 
Proposal 12: 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.
Proposal 13: 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. The capability is common for access via 5GC and access via EPC.

RAN1 sent RAN2 and RAN4 a LS asking RAN2 about the mechanism (RRC or MAC) for reporting in connected mode and RAN4 is waiting for further RAN1/RAN2 progress on reporting message type details. We propose to reply to the LS, including all the RAN2 agreements so far with the hope that it will help the progress in the other two groups. A draft reply LS is provided in [5].
References
RP-191576 “WID revision: Additional enhancements for NB-IoT”, Futurewei, RAN#84, Newport Beach, USA, June 2019 
R2-1905263 “LS on non-anchor carrier CQI reporting in MSG”, Qualcomm Incorporated, RAN2#105bis, Xian, China, April 2019
R2-1908262 “LS on DL channel quality report for configured carrier in RRC connected mode”, ZTE, RAN2#106, Reno, USA, May 2019
R2-1908606 “LS on channel quality report in connected mode for NB-IoT”, Huawei, RAN1#97, Reno, USA, May 2019
R2-1910166 “Reply LS on RAN2 agrrement on DL channel quality report in NB-IoT”, Huawei, RAN2#107, Prague, Czech Republic, August 2019


	1/6	
