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Introduction
At RAN #82 meeting, the WID for Rel-16 MTC enhancements was updated [1]. The objective for improving DL transmission efficiency and/or UE power consumption was updated to include the following:
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify aperiodic quality report in connected mode using same quality definition as in Msg3 [RAN1, RAN2, RAN4]
In RAN1 #94bis meeting, the following agreements were made regarding the quality report in Msg3 [2]:
Agreement:
For CE mode A (PRACH CE level 0, 1), the downlink channel quality is down-selected among the following in RAN1#95:
· CQI
· The repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
· Support both CQI and repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%

Agreement:
For CE Mode B, the downlink channel quality reported in Msg3 is denoted as the repetition number that the UE recommends to achieve a hypothetical MPDCCH decoding BLER of 1%

Agreement:
CRS may be used as the reference signal for measurement of DL quality metric for measurement report in Msg3.

Agreement:
Enabling of DL quality report is indicated in SIB.

In RAN1 #95 meeting, some additional agreements were further made [3]:
Agreement:
[bookmark: _Hlk529949203]For CE mode A (PRACH CE level 0, 1), the downlink channel quality is the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1% 

Agreement:
DL quality report is transmitted via higher layer signaling, e.g. MAC CE or RRC message

In this contribution, we present our views on the designs to support DL quality report in Msg3, as well as the quality report in connected mode using the same quality definition as in Msg3.

DL quality report in Msg3 in Idle mode
In this section, we discuss about the designs for support of DL quality report in Msg3 in Idle mode.
[bookmark: _Ref1139254]UE capability
The support of DL quality report in Msg3 should be UE capability. However, for initial access, the UE has not reported its capability yet during the random access procedure. Therefore, whether or how to indicate the UE capability should be studied. One option is to configure dedicated PRACH resources for UE supporting DL quality report in Msg3. However, considering the need of PRACH partitioning for EDT and the existence of legacy eMTC UEs, this option may impact the system capacity, and thus is not preferred. 
On the other hand, the UL grant and Msg3 can be designed to enable the scheduling of both Msg3 without DL quality report and Msg3 with DL quality report, as elaborated in Section 2.2. It can be up to UE to select which one to follow depending on its capability. With this method, there would be no need of UE capability indication for support of DL quality report in Msg3. eNB can perform blind decoding of Msg3 to determine whether the DL quality report is carried by the UE or not.

Observation 1:
Indication of UE capability for support of DL quality report in Msg3 via PRACH partitioning would impact system capacity.

Proposal 1:
It is UE capability whether the DL quality report in Msg3 is supported.
· The design of UL grant and Msg3 should enable UE to choose whether DL quality report is transmitted in Msg3 or not, which requires no report of UE capability.

[bookmark: _Ref1127170]DL quality message contents and format
For CE mode A, it was agreed that the DL quality report is the repetition number and/or aggregation level that UE needs to decode hypothetical MPDCCH with BLER of 1%. It is preferred to report both the repetition number and aggregation level to contain more channel status information. To minimize the size of the quality report, the repetition number and aggregation level can be jointed encoded. For example, aggregation level of 8, 16 or 24 can be reported when small number of repetitions are needed for hypothetical MPDCCH decoding (e.g., 1, 2 or 4 repetitions), while aggregation level of 24 can be reported when large number of repetitions are needed for hypothetical MPDCCH decoding (e.g. 8, 16, 32, 64, 128 or 256 repetitions).
Recall that in Rel-14 NB-IoT, reserved bits in RRC message are used to carry the DL quality report in Msg3. Different from NB-IoT with sufficient number of reserved bits available in RRC message, the number of reserved bits available in RRC message is limited for eMTC. To carry the DL quality report in Msg3, the RRC message size can be extended, or a dedicated MAC CE can be included in the MAC PDU of Msg3. Inputs from RAN2 may be needed regarding the detailed design of how to carry the DL quality report in Msg3. From RAN1 perspective, it is expected that a larger TBS is needed for Msg3 with DL quality report. Note that how to carry the DL quality report may impact the measurement resources as discussed in the following subsections.
As discussed in Section 2.1, it is not preferred to indicate UE capability via further PRACH partitioning. For the cases where eNB is not aware of UE capability for the support of DL quality report, eNB can always schedule a larger TBS, considering that a larger TB is expected for Msg3 with DL quality report as discussed above. For UEs not supporting the DL quality report, padding bits would be added to the Msg3. Depending on the number of bits needed for DL quality report, the efficiency of UL transmission may be impacted for UEs not supporting the DL quality report. To improve the performance of UL transmission for UEs not capable of DL quality report, similar to the EDT design, the UL grant can be used to indicate multiple TBS values, where a certain TBS value is for Msg3 without DL quality report and another TBS value is for Msg3 with DL quality report. It is up to UE to choose which TBS value to be used depending on its capability for support of DL quality report in Msg3. Specifically, the UL grant in RAR would indicate a TBS assuming no DL quality report, which would be used for UEs not capable of DL quality report in Msg3. A larger TBS value associated to the indicated TBS can be predefined, which would be used for UEs capable of DL quality report. With this option, the eNB would blindly detect whether the DL quality report is carried in the Msg3. 

Proposal 2:
· For CE mode A, the DL quality report includes both repetition number and aggregation level that UE needs to decode hypothetical MPDCCH with BLER of 1%. 
· The repetition number and aggregation level is jointly encoded to minimize the report size.
· Send an LS to RAN2 to ask how existing solutions, e.g., based on either RRC message or MAC CE can be used for DL quality report in Msg3.

Proposal 3:
Consider to support scheduling of multiple TBS values similar as EDT design, and let UE choose the TBS value depending on its capability, where 
· The indicated TBS is for Msg3 without DL quality report,
· And a larger TBS associated to the indicated value can be predefined, and be used for Msg3 with DL quality report. 

[bookmark: _Ref873340]Triggering method for the DL quality report
In the previous meeting, there was a proposal to support triggering of DL quality report in Msg3 by RAR [4]. Specifically, the CSI request field in UL grant carried in RAR can be reused for this purpose. However, this approach is limited to CE mode A only, because the CSI request field is not available in the UL grant carried in RAR for CE mode B. It is preferred to have a common design for CE mode A and CE mode B. With this approach, RAR needs to be updated for CE mode B to include the trigger. Considering the backward compatibility, where the triggering is not applicable to the UEs which are not capable of the DL quality report in Msg3, two RARs need to be transmitted for CE mode B, one for UEs capable of DL quality report in Msg3 while the other for UEs without such capability. This would increase DL overhead, which is not preferred. In addition, if RRC message is used for the DL quality report, UE may need to prepare two types of RRC message, one with DL quality report and the other without DL quality report, as the construction of RRC message may need to be done before the random access procedure and thus before the reception of the trigger in RAR. This would increase UE complexity and power consumption. Therefore, it is proposed that the RAR-based triggering for DL quality report is not supported. As discussed in Section 2.2, actually the triggering is not needed. 

Proposal 4:
RAR-based triggering of DL quality reporting in Msg3 is not supported.

NB to be measured
In this subsection, we first consider the case where the RRC message is used for the DL quality report. Recall that the RRC message is constructed before RAR monitoring in legacy operation. Without changes in the procedure of RRC message construction, it is preferred to measure the paging NB for the DL quality report. Measuring other NBs requires UEs to retune to these NBs for the measurement, and to construct the RRC message accordingly before the start of random access procedure, which may increase UE power consumption and complexity.
On the other hand, if MAC CE is used for the DL quality report, UEs are able to perform the measurement on RAR NB when the MPDCCH for RAR is being monitored. There was a proposal to measure the Msg4 NB for the quality report [4]. Though the RAR NB and Msg4 NB can be different, when frequency hopping is enabled, it is expected the channel measurements on RAR NB and Msg4 NB provide similar results. When frequency hopping is disabled, monitoring Msg4 NB instead of RAR NB may provide additional DL channel information, and thus benefits the Msg4 transmission and subsequent DL transmissions. However, the duration between the end of RAR reception and the start of Msg3 transmission may not be sufficient for UEs to perform the measurement over another NB and construct the quality report to be included in Msg3. Though measurement on RAR NB may not be the optimal solution, it can provide some additional DL channel information, which helps the DL scheduling configurations. Therefore, it is proposed to measure the RAR NB for DL quality report if MAC CE is used for DL quality report. 

Observation 2:
DL quality report carried by RRC message requires UE to perform the measurement and construct the quality report before the RAR monitoring.
· Measurement on paging NB helps improve DL scheduling without large impact on UE complexity and power consumption. 
DL quality report carried by MAC CE allows UE to perform the measurement during the RAR monitoring and construct the quality report after reception of RAR.
· Measurement on RAR NB helps improve DL scheduling without large impact on UE complexity and power consumption. 

Proposal 5:
If RRC message is used to carry the DL quality report, consider paging NB to be measured for the DL quality report. 
If MAC CE is used to carry the DL quality report, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR).

DL quality report in connected mode
For the aperiodic report in connected mode using the same quality definition as in Msg3, it should be UE capability to support this feature. The quality report in idle mode and the aperiodic report in connected mode can be configured separately. The quality report in Msg3 in idle mode can be configured by system information, while the aperiodic report in connected mode using the same quality definition as in Msg3 can be configured by UE specific RRC signaling depending on UE capability. 
As the DL quality report in Msg3 in idle mode has been already supported, we can extend the design to support the DL quality report in Msg3 in connected mode. In addition, in connected mode, the aperiodic DL quality report can be carried in PUSCH as well. 
Regarding the triggering method, for the DL quality report in Msg3 in connected mode, the reserved bit ‘R’ in RAR can be used as the trigger. For the aperiodic DL quality report in PUSCH, the CSI request field in UL grant can be reused. Note that this is applicable to CE mode A only. There is no support of CSI measurement and thus no CSI request field in UL grant for CE mode B. If the aperiodic DL quality report is supported in PUSCH in CE mode B, the UL grant in CE mode B can be extended to include the 1-bit trigger. Note that different from Idle mode, eNB knows the UE capability in connected mode, and thus the extension in DCI for CE mode B would not result in increased DL overhead as only the new DCI would be transmitted. 
When the aperiodic report is triggered, UE needs to decide which metric to be used for the DL quality report, the legacy CQI or the new DL quality report using the same definition as in Msg3. As one option, once this feature is enabled, UE will always report the DL quality report in PUSCH using the same quality definition as in Msg3 instead of legacy CQI. Alternatively, the DCI can be extended to include an additional bit to indicate whether the legacy CQI or the new DL quality report using the same definition as in Msg3 should be reported.

Proposal 6:
It is UE capability to support DL quality report in connected mode using the same quality definition as in Msg3.
The DL quality report in Msg3 in idle mode and the DL quality report in connected mode can be configured separately. 
· The DL quality report in connected mode is configured by UE-specific RRC signaling. 
Support the DL quality report in Msg3 and PUSCH in connected mode. 
For triggering method of the DL quality report in connected mode:
· The reserved bit ‘R’ is used as the trigger for DL quality report in Msg3.
· The CSI request field in UL grant is used as the trigger for DL quality report in PUSCH.

Conclusion
In this contribution, we discuss the design for the support of DL quality report in Msg3 and in connected mode for eMTC. Based on the discussions, we make the following observations and proposals:
Observation 1:
Indication of UE capability for support of DL quality report in Msg3 via PRACH partitioning would impact system capacity.

Observation 2:
DL quality report carried by RRC message requires UE to perform the measurement and construct the quality report before the RAR monitoring.
· Measurement on paging NB helps improve DL scheduling without large impact on UE complexity and power consumption. 
DL quality report carried by MAC CE allows UE to perform the measurement during the RAR monitoring and construct the quality report after reception of RAR.
· Measurement on RAR NB helps improve DL scheduling without large impact on UE complexity and power consumption. 

Proposal 1:
It is UE capability whether the DL quality report in Msg3 is supported.
· The design of UL grant and Msg3 should enable UE to choose whether DL quality report is transmitted in Msg3 or not, which requires no report of UE capability.

Proposal 2:
· For CE mode A, the DL quality report includes both repetition number and aggregation level that UE needs to decode hypothetical MPDCCH with BLER of 1%. 
· The repetition number and aggregation level is jointly encoded to minimize the report size.
· [bookmark: _GoBack]Send an LS to RAN2 to ask how existing solutions, e.g., based on either RRC message or MAC CE can be used for DL quality report in Msg3.

Proposal 3:
Consider to support scheduling of multiple TBS values similar as EDT design, and let UE choose the TBS value depending on its capability, where 
· The indicated TBS is for Msg3 without DL quality report,
· And a larger TBS associated to the indicated value can be predefined, and be used for Msg3 with DL quality report. 

Proposal 4:
RAR-based triggering of DL quality reporting in Msg3 is not supported.

Proposal 5:
If RRC message is used to carry the DL quality report, consider paging NB to be measured for the DL quality report. 
If MAC CE is used to carry the DL quality report, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR).

Proposal 6:
It is UE capability to support DL quality report in connected mode using the same quality definition as in Msg3.
The DL quality report in Msg3 in idle mode and the DL quality report in connected mode can be configured separately. 
· The DL quality report in connected mode is configured by UE-specific RRC signaling. 
Support the DL quality report in Msg3 and PUSCH in connected mode. 
For triggering method of the DL quality report in connected mode:
· The reserved bit ‘R’ is used as the trigger for DL quality report in Msg3.
· The CSI request field in UL grant is used as the trigger for DL quality report in PUSCH.
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