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1	Introduction
The Rel 16 work-item [1] include the following objectives for eMTC enhancement:
· Specify aperiodic quality report in connected mode using same quality definition as in Msg3 [RAN1, RAN2, RAN4]
In RAN1#94, RAN1#94bis, RAN1#95, RAN2#103bis and RAN2#104 the following relevant agreements were made [4][5]:
· For CE mode A (PRACH CE level 0, 1) and CE mode B, the downlink channel quality is the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
A Downlink quality reporting mechanism has been already introduced for NB-IoT aiming to minimize the number of repetitions used for NPDCCH to save energy and resources. The same feature is being introduced for eMTC in Idle mode, and now it is being introduced also for connected mode.
This paper discusses the possible signalling to enable the report triggering and transmission while in connected mode. 
[bookmark: _Ref178064866]2	Existing L1 Aperiodic Measurement Procedure
[bookmark: _Ref189046994]According to Section 7.2 of [7] an aperiodic reporting procedure is already in place for BL/CE UE configured with CEModeA. These devices are requested to report CQI when triggered by a specific bit (CSI request) present in either a RAR grant or in a DCI Format 6-0A. The aperiodic report is then embedded in the physical resources of the consequent PUSCH transmission. 
The metric reported through this mechanism is not the number of repetitions, as requested by the RAN1 agreements, but possibly it could be utilized by the eNB to extrapolate the desired metric. This would avoid putting in place a second mechanism for a similar task for BL/CE UE in CEModeA.
It might be useful to determine if the existing L1 reporting mechanism for BL/CE UEs in CEmodeA can be reused or if a new mechanism should be defined.
3	Discussion
3.1	Trigger options
The aperiodic reporting should be activated through a trigger sent by the network. Several options allowing different levels of complexity and flexibility can be defined regardless of the actual implementation of the report message.
The feature may be enabled or disabled for all the capable UEs by setting a bit in a broadcast message and possibly specifying other parameters. All the UEs should report in each uplink transmission or in a preconfigured subset of them. In this case the aperiodic trigger is implicit and does not require the extension of other messages. 
Another option is to use existing DCIs or define new ones to carry the quality report trigger.
For a UE in CEmodeA, the CSI request bit can be used, as it is, to trigger both the L1 CQI report and the quality report. Otherwise a new DCI format may also be defined for UL scheduling including a trigger bit. In general, it is preferable to avoid extensions of the DCI to limit coverage issues, but the impact may be negligible if only one bit is added. Once the DCI is received the report is sent in the next scheduled UL transmission. In this case the network has to take into account the report size to assign the appropriate TBS.
A further option could be to trigger the report through a MAC CE. Unless RAN1 define further configuration parameters that should be carried in the trigger message, the MAC CE would not require any payload, resulting in a fixed length MAC CE. This means that the overhead on the downlink message carrying the MAC CE is only 8 bits due to the subheader. Notice that similar MAC CEs with empty payload, for instance DRX Command (Section 6.1.3.3 of [6]), have already been standardized. A new LCID should be defined to identify this MAC CE and, according to Table 6.2.1-1 of [6], 6 LCIDs are currently reserved.
Finally, another option is to create new RRC messages to trigger and report mechanism. The trigger might contain parameters for the measurement such as the set of narrowbands to measure, time duration or parameters to build an aggregated report referred to the narrowbands measured. The trigger RRC message may be sent through SRB1, DCCH logical channel and using RLC-SAP AM. According to [9], the DL-DCCH-Message can be extended using one of the spare code points. Extending this message will result in 5 bits of overhead due to the encoding of the right option (1 bit for c1 choice and 4 bits for the message choice) in addition to the further headers introduced by L2 protocols.
[bookmark: _Toc346142][bookmark: _Toc961697]The measurement can be triggered by default, by defining a new DCI format for UL scheduling, a new MAC CE or by creating a dedicated RRC message
3.2	Report Format
Regardless on the actual content of the report, which is currently discussed and out of the scope of this paper, there are still two possible ways to build the reply message.
In general, the report should be transmitted in the next UL-SCH transmission, which may be already scheduled for data transmission, or not. In the latter case the network should provide a dedicated UL Grant.
The report might be encoded as a MAC CE of fixed size as described in [8]. In such case the total overhead introduced would be 16 bits (1 MAC subheader octet and 1 MAC CE octet). This solution allows to multiplex the report with any other uplink transmission in UE MAC buffer provided a sufficiently big UL grant has been provided.
The report might also be encoded as a new RRC message as already anticipated in the previous section and using the same radio bearer, logical channel and configurations. In the same way, according to [9], a spare codepoint can be used for the new report message, with a total overhead of 6 bits in addition to the further headers introduced by L2 protocols.
[bookmark: _Toc346143][bookmark: _Toc961698]The report message may be implemented as a MAC CE or as a dedicated RRC message
The MAC CE solution would introduce a smaller overhead in terms of size as RLC and PDCP sublayers are not involved. Also, the exchange of messages in this case would be faster as RRC message transmission requires a more complex process.
[bookmark: _Toc346144][bookmark: _Toc961699]MAC CE solution is faster it has a smaller overhead and minimizes the standardization effort
Finally, differently from the trigger message, the report format is already being discussed for idle mode / Msg3 report. In order to minimize the impact in the standard, the same report format should be agreed for both idle mode and connected mode reporting.
[bookmark: _Toc346145][bookmark: _Toc961700]The report format for connected mode reporting should be the same as for idle mode / Msg3 to reduce the impact on the standard.
[bookmark: _GoBack]Also, the actual logical content of the report should be defined by RAN1 based on the actual needs.
[bookmark: _Toc346146][bookmark: _Toc961701]Wait for further progresses on the decision of the report content by RAN1
Conclusion
In the previous sections we made the following observations: 
Observation 1	The measurement can be triggered by default, by defining a new DCI format for UL scheduling, a new MAC CE or by creating a dedicated RRC message
Observation 2	The report message may be implemented as a MAC CE or as a dedicated RRC message
Observation 3	MAC CE solution is faster it has a smaller overhead and minimizes the standardization effort

Based on the discussion in the previous sections we propose the following:
Proposal 1	The report format for connected mode reporting should be the same as for idle mode / Msg3 to reduce the impact on the standard.
Proposal 2	Wait for further progresses on the decision of the report content by RAN1
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