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1	Introduction
The Rel-16 work item [1] includes the following objective for NB-IoT enhancement:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]
· 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].

In RAN1#94, RAN1#94bis, RAN1#95, RAN1#96 and RAN1#96bis the following relevant agreements were made [3]:

RAN1#94:
	R1-1809600	Feature lead summary on support of quality report in Msg3 for non-anchor access	Huawei, HiSilicon

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:
	R1-1811699	Feature lead summary of support of quality report in Msg3 for non-anchor access	Huawei, HiSilicon

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:
	R1-1813719	Feature lead summary of support of quality report in Msg3 for non-anchor access	Huawei, HiSilicon

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:
	R1-1903256	Feature lead summary of Support of Quality report in Msg3 for non-anchor access	Huawei, HiSilicon

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:
	R1-1905540	Feature lead summary of quality report in Msg3 and connected mode	Huawei, HiSilicon
R1-1905587	Updated Feature lead summary of Support of Quality report in Msg3 for non-anchor access and connected mode	Huawei, HiSilicon

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
Send LS to RAN2 and CC RAN4. Ask, from RAN2, perspective, whether the above might be different for different cases

R1-1905592	[DRAFT] Draft LS on channel quality report in Msg3 for NB-IoT and LTE-M	Huawei, HiSilicon
The LS is endorsed in R1-1905593

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 and RAN2#105bis the following relevant agreements were made [2]:

RAN2#103bis agreements: None.
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 further study how to support the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.

RAN2#105 agreements: None.
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.

A downlink quality reporting mechanism in Msg3 has been already introduced for NB-IoT aiming to minimize the number of repetitions used for NPDCCH and NPDSCH to save energy and resources. This functionality is going to be extended for non-anchor carrier operation in Rel-16.
In this paper we present a complete solution considering all the aforementioned agreements. 
[bookmark: _Ref178064866]2	Discussion
2.1	Quality Report in Msg3
As mentioned in Section 1 RAN2 agreed that quality report in Msg3 will reuse the existing RRC based format. 
Specifically, this means that there is no need to create new IEs to carry the quality information, namely “CQI-NPDCCH-NB-r14” and “CQI-NPDCCH-Short-NB-r14” IEs.
[bookmark: _Toc7171028]CQI-NPDCCH-NB-r14 and CQI-NPDCCH-Short-NB-r14 IEs are reused as they are to carry quality report in Msg3
RAN1 still has to agree on some details on the content of Msg3, specifically how to choose the carrier(s) where the measurement(s) are performed.
Unless RAN1 raises concerns with the RAN2 agreement to reuse existing Msg3 signalling, no further information is needed and only one measurement is transmitted, then the whole UL-CCCH-Message-NB can be reused with no need for modifications.
Table 1 summarizes the current number of spare bits available in these RRC messages. In case further information needs to be transmitted in Msg3, at least 4 spare bits are available in all RRC messages apart from RRCConnectionReestablishmentRequest with short quality report indication. In the latter case the report format contains less information, we assume that in this case it is enough to report a lower resolution metric and it is not needed to carry other information. Also, for RRCEarlyDataRequest no spare bits are specified, but in this case the TBS is big enough to contain the data over NAS, so the message can be easily modified to carry further information if needed.
Repurposing the spare bits to carry new information is preferable to avoid changing the overall size of each RRC message, and thus change in the TBS required for Msg3.
[bookmark: _Toc429696][bookmark: _Toc7171025]If further information needs to be reported, at least 4 spare bits can be used without a need for a message size extension
[bookmark: _Ref427781][bookmark: _Hlk4074180]Table 1: Rel-14 RRC Messages spare bits and quality report sizes [5]
	RRC Message
	Quality Report Size [bit]
	Spare Bits Available

	RRCConnectionRequest
	4
	17

	RRCConnectionResumeRequest
	4
	4

	RRCConnectionReestablishmentRequest (r13)
	4
	20

	RRCConnectionReestablishmentRequest (r14)
	2
	1

	RRCEarlyDataRequest
	4
	n.a.




2.2	Quality Report in connected mode
In [6] we present a solution for Quality report for LTE-M both in Msg3 and connected mode. This MAC CE can carry a payload of 8 bit, more than sufficient to carry one NB-IoT report using the same codepoints of Msg3 RRC based report. We proposed to use the LCID “10001” to identify this MAC CE.
If the aforementioned solution is agreed for LTE-M, some of the concepts can be reused also for NB-IoT allowing us to avoid further modifications in the standard and corresponding complexity. Specifically, the same MAC CE can be used for connected mode reporting in NB-IoT.
As explained in [6], the MAC CE requires in total 16 bits of the granted TBS, 8 for the R/F2/E/LCID MAC subheader and 8 for the payload. Of the latter 8 bits 4 can be used to report the guessed number of repetitions for NPDCCH and 4 can be left spare for further extensions or to carry further information as discussed in Section 2.1. Figure 1 and Table 2 represent our preferred solution regarding the MAC CE format in case RAN1 agrees to transmit only one report.


[bookmark: _Ref6921592]Figure 1: NPDCCH Quality report MAC CE
[bookmark: _Ref6921607]Table 2: dl-MeasReport values definition
	dl-MeasReport field
	Meaning (NB-IoT)

	0000
	1 repetition

	0001
	2 repetitions

	0010
	4 repetitions

	0011
	8 repetitions

	…
	…

	0111
	128 repetitions

	1000
	256 repetitions

	1001
	512 repetitions

	1010
	1024 repetitions

	1011
	2048 repetitions

	1100 – 1110
	Reserved

	1111
	No measurement



[bookmark: _Toc7171029]A MAC CE based solution is adopted for Quality Report in connected mode. The same LCID used for LTE-M quality report is used for NB-IoT
Finally, in RAN2#105bis it was agreed that quality report in connected mode is neither periodic nor on-demand. In our understanding this means that it is sent on specific events not triggered by the eNB with an explicit signalling.
It is expected that a NB-IoT UE stays in connected mode only for a short amount of time. Most likely only one quality report sent immediately after the RA procedure is relevant to optimize the transmission in connected mode.
[bookmark: _Toc7171026]A NB-IoT UE usually stays in connected mode for a short amount of time. One quality report sent after RA procedure is sufficient to optimize the whole connected mode phase
The UE knows in which carrier to communicate in connected mode once RRCConnectionSetup is received in Msg4. Therefore, the first occasion where to transmit the quality report is in Msg5.
[bookmark: _Toc7171030]Quality Report is sent in Msg5
Having a MAC CE allow us to reuse LTE-M definitions (if agreed) and reduce the overall complexity. Also, it allows us to multiplex the quality report with any RRC message that might be transmitted in Msg5. In fact, depending on the previous state of the UE, Msg5 may contain either RRCConnectionSetupComplete or RRCConnectionResumeComplete. An RRC based solution would require modifying at least both RRC messages in the specifications.
[bookmark: _Toc7171027]The definition of an RRC-based quality report in Msg5 requires the change of at least two RRC messages
In case of an MO-EDT access the UE will never be in connected mode, therefore quality report is supported only in Msg3.
2.3	Signalling
As per previous agreements, the existing enable bit in SIB2 will be used to jointly enable quality report for non-anchor carrier. RAN1 is still discussing regarding signalling further configuration in system information such as the carrier to measure.
[bookmark: _Toc7171031]Wait for RAN1 progress on signalling required
Conclusion
In the previous sections we made the following observations: 
Observation 1	If further information needs to be reported, at least 4 spare bits can be used without a need for a message size extension
Observation 2	A NB-IoT UE usually stays in connected mode for a short amount of time. One quality report sent after RA procedure is sufficient to optimize the whole connected mode phase
Observation 3	The definition of an RRC-based quality report in Msg5 requires the change of at least two RRC messages


Based on the discussion in the previous sections we propose the following:
Proposal 1	CQI-NPDCCH-NB-r14 and CQI-NPDCCH-Short-NB-r14 IEs are reused as they are to carry quality report in Msg3
Proposal 2	A MAC CE based solution is adopted for Quality Report in connected mode. The same LCID used for LTE-M quality report is used for NB-IoT
Proposal 3	Quality Report is sent in Msg5
Proposal 4	Wait for RAN1 progress on signalling required
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