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1. Introduction
In RAN#80 meeting, a new work item (WI) on Rel-16 MTC enhancements was approved [1]. One objective of the WI is to improve DL transmission efficiency by:
Specify quality report in MSG3 at least for EDT [RAN1, RAN2].
In RAN1#94bis meeting, the following agreements were made regarding the support of quality report in Msg.3 for LTE eMTC [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.


With DL quality report in Msg3 at least for EDT, the eNB can have a better knowledge of DL channel status, which benefits the efficient scheduling of DL transmissions after Msg2, especially when the channel quality of DL and UL is quite different. In this contribution, we share our views on the design options for the support of DL channel quality report in Msg3, including aspects on configuration of this feature, quality report metric, measurement reference resource and Msg3 design.

2. Design of DL quality report in Msg3
2.1. [bookmark: _Ref521588416]Configuration and UE capability
The support of DL quality report 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.

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

On the other hand, the UL grant can be designed to enable the scheduling of both Msg3 without DL quality report and Msg3 with DL quality report, as elaborated in Section 2.4. It can be up to UE to select which one to follow. With this method, there would be no need of UE capability indication for support of DL quality report in Msg3.
In the previous meeting, several companies expressed their support for triggering of Msg3-based DL quality report in Random-Access Response (RAR) [3]. In particular, the CSI request field can be reused for that purpose. However this approach is limited to CE mode A only because the CSI request bit is not available in the RAR Grant in CE mode B. Obviously, the triggering is not applicable to the UEs which are not capable of the DL quality report in Msg3. Furthermore, the triggering is not needed at all if the UL grant assumes scheduling of multiple TBS for the cases with and without DL quality report in Msg3.

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

2.2. [bookmark: _Ref521586071]Quality report metric
Recall that in Rel-13 eMTC, CQI feedback is supported in CE mode A. The same report metric can be extended to DL quality report in Msg3 for CE mode A. The existing CQI table in Rel-13 or the CQI tables introduced in Rel-15 can be reused. The parameter RCSI, if used, can be indicated by higher layer signaling (e.g. SIB) or be determined as a predefined mapping from Rmax configured for Type-2 CSS. When frequency hopping is configured for MPDCCH in Type-2 CSS, wideband CQI is reported, otherwise, subband CQI as defined in Rel-13 eMTC is reported.
Based on that, it seems reasonable to consider CQI as the DL channel quality metric for CE mode A. However, after reception of RAR and before transmission of Msg3, the UE may not be associated with a particular CE mode. Therefore, it’s proposed that the distinction between the DL quality metrics is defined as a function of the PRACH CE levels, following Rel-13 approach. Specifically, the UE reports CQI as the DL quality metric if the PRACH CE level corresponding to the successfully received Msg2 belongs to CE level 0 or 1, and reports the number of repetitions needed for decoding of hypothetical MPDCCH with BLER of 1%, otherwise.

Proposal 2:
The distinction between CQI and the number of repetitions needed for decoding of hypothetical MPDCCH with BLER of 1% as the DL quality metrics is defined as a function of the PRACH CE levels.
· The UE reports CQI as the DL quality metric if the PRACH CE level corresponding to the successfully received Msg2 belongs to CE level 0 or 1, and reports the number of repetitions for decoding of hypothetical MPDCCH with BLER of 1%, otherwise.

2.3. Measurement reference resource
If the DL channel quality report is denoted by CQI, similar to Rel-13 eMTC CSI measurement, reference resource for channel quality measurement can be defined. For that purpose, the number of repetitions (like the parameter RCSI) can be indicated by higher layer signaling (e.g. SIB) or be determined as a predefined mapping from Rmax configured for Type-2 CSS.
On the other hand, if the DL channel quality report is denoted by the number of repetitions for MPDCCH, similar to Rel-14 NB-IoT, a reference resource for MPDCCH may not be defined. This is also relevant for CE mode B as it was agreed in the last meeting that for this mode the downlink channel quality reported in Msg3 is defined as the repetition number that the UE recommends to achieve a hypothetical MPDCCH decoding BLER of 1%

Proposal 3:
For CE mode A:
· If DL channel quality report is denoted by CQI, define measurement reference resource similar as in Rel-13 eMTC.
· If DL channel quality report is denoted by the number of repetitions for MPDCCH, measurement reference resource is not defined.
For CE mode B:
· Measurement reference resource is not defined.

2.4. Design of Msg3 carrying the DL quality report
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. An alternative approach is the physical layer-based signaling, e.g., similarly as piggybacked UCI mapped on PUSCH in legacy system [4]. However, the UCI multiplexing option is not supported for transmission with multiple repetitions since Rel-13. Therefore, other existing solutions based on either RRC message or MAC CE should be used instead. For that purpose, 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.

Observation 2:
It is expected that a larger TBS is needed for Msg3 with DL quality report.

Proposal 4:
DL quality report piggybacked in PUSCH carrying Msg3 is not supported.
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 reporting in Msg3.

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, the following two design options can be considered.
· Option 1. For cases without EDT (if supported), the eNB always schedules a larger TBS for Msg3 if the DL quality report in Msg3 is enabled. For UEs not supporting the DL quality report, padding bits would be added to the Msg3 transmission. 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. For cases with EDT, as the scheduling of multiple TBS values are already supported, the same mechanism can be reused. It is up to UE to select the desirable TBS to carry the data and DL quality report. With this option, the maximum number of bits that can be supported for EDT may be reduced for UEs supporting the DL quality report. To indicate whether DL quality report is carried or not in Msg3, the reserved bit in RRC message can be used.
· Option 2. Similar to the EDT design, the UL grant can be used to indicate multiple TBS values, where part of the TBS values are for Msg3 without DL quality report and the remainder of the TBS values are 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. With this option, the eNB would blindly detect whether the DL quality report is carried in the Msg3. Considering the case with EDT where eNB already needs to perform blind detection for multiple TBS values, to limit the complexity at eNB, the number of permitted actual transmitted TBS can be configured to be limited (e.g. 2 values for EDT and up to 4 values for joint consideration of EDT and DL quality report) when both EDT and DL quality report in Msg3 are enabled.
Among the two options above, Option 2 is preferred because it’s more flexible from the UE perspective and does not require excessive UL transmission if DL quality is not reported by the UE. Moreover, Option 2 is better aligned with the recent agreement in RAN2 [5]-[6] which clearly says to focus on the EDT-based case:
	=> Quality report in Msg3 is introduced for EDT. FFS for non-EDT.


Based on the discussion above, we propose to reuse the concept of scheduling multiple TBS values from EDT.

Proposal 5:
Support scheduling of multiple TBS values similar as EDT design, where part of the TBS values are for Msg3 without DL quality report while the rest are for Msg3 with DL quality report. It is up to UE to choose preferred TBS value and to decide whether DL quality report is carried in Msg3 (Option 2).

3. Conclusions
In this contribution, we discuss the design for the support of DL quality report in Msg3 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:
It is expected that a larger TBS is needed for Msg3 with DL quality report.

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

Proposal 2:
The distinction between CQI and the number of repetitions needed for decoding of hypothetical MPDCCH with BLER of 1% as the DL quality metrics is defined as a function of the PRACH CE levels.
· The UE reports CQI as the DL quality metric if the PRACH CE level corresponding to the successfully received Msg2 belongs to CE level 0 or 1, and reports the number of repetitions for decoding of hypothetical MPDCCH with BLER of 1%, otherwise.

Proposal 3:
For CE mode A:
· If DL channel quality report is denoted by CQI, define measurement reference resource similar as in Rel-13 eMTC.
· If DL channel quality report is denoted by the number of repetitions for MPDCCH, measurement reference resource is not defined.
For CE mode B:
· Measurement reference resource is not defined.

Proposal 4:
DL quality report piggybacked in PUSCH carrying Msg3 is not supported.
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 reporting in Msg3.

Proposal 5:
Support scheduling of multiple TBS values similar as EDT design, where part of the TBS values are for Msg3 without DL quality report while the rest are for Msg3 with DL quality report. It is up to UE to choose preferred TBS value and to decide whether DL quality report is carried in Msg3 (Option 2).
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