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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 RAN2#104, RAN2#105bis and RAN2#106 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 signalling 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:
Channel Quality Reporting:
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.

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.
Some details regarding the report in Msg3 and connected mode have already been defined. In this paper we propose a revision of the agreed reporting mechanism in connected mode and some details related to signalling and UE capabilities. 
[bookmark: _Ref178064866]2	Discussion
2.1	Flexible reporting in connected mode
In RAN2#105bis it was agreed that on-demand quality reporting is not supported on the assumption that the connected phase of a NB-IoT UE is usually not very long, and that a single report at the beginning of such phase (Msg5) is sufficient to represent the suitable number of repetitions to be used until the end of data transmission.
We believe that even though this may represent the majority of the use cases, not having an on-demand mechanism is a limitation that could be avoided with very small overhead. In fact, there is a number of use cases and scenarios where the connected phase may last longer than expected and in which the channel quality varies considerably.
In case of a firmware update the amount of data to be transmitted is consuming a lot of radio resources, especially in time. In such use case it is reasonable to assume that the channel quality is not constant for the whole duration of the transmission even for a static deployment. Due to the large amount of resources consumed, other UEs in the cell would benefit by keeping the number of repetitions of such transmission as low as possible.
Another similar scenario is a UE in poor coverage conditions using a very large number of repetitions. Even though the user data to transmit is small, the use of many repetitions would increase the duration of the transmission. In general, if the UE stays in connected mode for a long enough time the channel quality could fluctuate and improve with respect to what was between Msg4 and Msg5. Thus, continuously monitoring the channel quality allows to optimally configure the link, freeing valuable resources in the cell and improving the UE power consumption.
[bookmark: _Toc16765066]On-demand quality reporting improves the spectral efficiency when large data is transmitted, or when the transmission is sufficiently long (e.g.: firmware upgrade or UE in poor coverage conditions)
[bookmark: _Toc16765068]Quality report in connected mode is transmitted on demand
For on-demand mechanism, a definition of a trigger command that the eNB sends to the UE when the report is required.
We propose to define the trigger command as a new MAC CE sent with an empty payload so that the total overhead consists only in the MAC subheader. For LTE-M the definition of a similar quality report has already been agreed. The new MAC CE based trigger can be used for both NB-IoT and LTE-M by defining a common LCID. Notice that currently 6 LCIDs are free to be used for DL-SCH.
[bookmark: _Toc16765069]The trigger command is defined as a MAC CE with empty payload and a new LCID is reserved
The proposed trigger command, considering that an LCID is used and the payload is empty, has a total length of 8 bits, consisting in the MAC subheader only.
The originally propose solution consists in sending the quality report in Msg5 after an implicit trigger by Msg4. With respect to this, assuming RAN4 confirms it is feasible and we want to maintain the same overall behaviour (report sent in Msg5), our proposed solution requires 8 additional bits to be transmitted in Msg4. Considering the overall size of Msg4 this overhead is negligible. Moreover, it allows the eNB to request asynchronously a quality report later.
[bookmark: _Toc16765067]The overhead of the trigger command in Msg4 is negligible
In order to summarise, in connected mode the trigger command is transmitted by the eNB as a MAC CE potentially multiplexed with downlink signalling in Msg4 or also with data in a following downlink transport block. After a sufficient amount of time the eNB transmits an UL Grant that UE uses to transmit the quality report, as a MAC CE, multiplexed with uplink signalling in Msg5 or also with data in a following uplink transport block.
Figure 1 represents the proposed signalling diagram for quality report both in idle and connected mode.
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[bookmark: _Ref16696386]Figure 1: Signalling diagram for Quality Report in idle and connected mode for NB-IoT
2.2	Feature signalling for reporting in connected mode
One of the open issues is to decide whether broadcast or dedicated signalling should be used to enable the reporting in connected mode.
Assuming the proposal described in Section 2.1 is agreed, the trigger command can be used as an implicit feature enable command. The UE executes the measurement on-demand and no other action should be performed if the trigger command is not sent.
[bookmark: _Toc16765070]A feature enable indication is not defined for connected mode reporting. The feature is implicitly enabled on reception of the trigger command
In Rel.14 a UE capability was not defined since the UE has no way to signal its capability until Msg3 where the report itself is carried or not. After that it is not useful to know if the UE is capable of transmitting the report in Msg3 or not.
Since in our proposed solution a trigger command is sent to the UE in a dedicated message, it is beneficial to define a UE capability to avoid the occupation of 8 bits in Msg4 (and afterwards) if the UE is not capable of replying.
[bookmark: _Toc16765071]A UE capability for quality reporting in connected mode is defined
Normally the UE capabilities are retrieved by the eNB on Msg3 reception, if S-TMSI is included, so it is actually possible to trigger the quality report in Msg4 with this information.
In case of the Initial Attachment procedure, or when S-TMSI is not available, the UE capabilities are sent later than Msg4. Therefore, two possible strategies can be defined. Either the eNB sends the trigger command in Msg4 assuming the UE is capable, but it allows the possibility that the quality report is not sent back, or the eNB sends the trigger command only once the UE capability is stored with a consequently less efficient communication in the preceding phase.
Conclusion
In the previous sections we made the following observations: 
Observation 1	On-demand quality reporting improves the spectral efficiency when large data is transmitted, or when the transmission is sufficiently long (e.g.: firmware upgrade or UE in poor coverage conditions)
Observation 2	The overhead of the trigger command in Msg4 is negligible


Based on the discussion in the previous sections we propose the following:
Proposal 1	Quality report in connected mode is transmitted on demand
Proposal 2	The trigger command is defined as a MAC CE with empty payload and a new LCID is reserved
Proposal 3	A feature enable indication is not defined for connected mode reporting. The feature is implicitly enabled on reception of the trigger command
Proposal 4	A UE capability for quality reporting in connected mode is defined
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