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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]DL channel quality reporting was introduced as an optional feature for Rel-14 NB-IoT. Msg3 quality reporting for anchor carrier carries a repetition number (R) corresponding to hypothetical NPDCCH with target BLER of 1% to reflect the interference from other cells. The repetition number is derived based on averaging the DL quality during a period of time. Derivation of DL quality is based on NRS transmitted in subframes used for legacy measurement, thus no additional measurement is introduced to avoid extra power consumption for NB-IoT UEs.
In Rel-16 MTC, DL quality report in Msg3 was also introduced to improve the performance of DL reception during random access procedure, which might be impacted by interference, and can hardly be estimated by legacy measurement before PRACH transmission. 
The DL quality metrics and the configuration of Msg3 report were discussed in RAN1#94 meeting with the following agreements:
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 this contribution, the further details of DL quality reporting in Msg3 are discussed.
2. Discussion
2.1 DL quality metric for CE mode A
The DL quality metrics for MTC system was discussed in RAN1#94b meeting. For CE mode B, since the accuracy of CQI measurement is not reliable, it was agreed to reuse the DL quality metric in NB-IoT which is denoted as the repetition number corresponding to decoding of hypothetical MPDCCH. However for CE mode A, the DL quality metric needs to be further down-selected.
CQI measurement and report in Msg3 is already supported in MTC CE mode A by connected UEs. With some essential enhancement, CQI can also be reported in Msg3 as DL quality metric for IDLE UE. The configurations for CQI measurement can be pre-defined or configured in RRC signaling, e.g. broadcasted in SIB per CE level. In addition, IDLE UE can use some parameters indicated in MPDCCH common search space configuration, such as configuration of Type-2 CSS for RAR, for CQI measurement. For example, the value of repetition for CSI reference resource (RCSI) can be used as the maximum repetition number (Rmax) in MPDCCH configuration of Type-2 CSS for RAR. Therefore, CQI measurement and CQI report in Msg3 for IDLE UE can be designed with small specification impact.
Proposal 1: CQI is used as DL quality metric for Msg3 reporting in CE mode A. 
Proposal 2: For CQI report in CE mode A, IDLE UE can perform CQI measurement based on CQI configuration broadcasted in SIB, including MPDCCH configuration for Type-2 CSS for RAR. 
2.2 How DL quality report is carried in Msg3
For IDLE mode DL quality reporting, the method of carrying DL quality in Msg3 of random access procedure needs to be carefully considered. Carrying DL quality by puncturing the PUSCH carrying Msg3 and using EDT were proposed by companies in RAN1#94b meeting. Moreover, DL quality can be indicated in RRC message of Msg3, which is similar to DL quality report in NB-IoT. Introducing a new MAC CE used for DL quality indication could also be a reasonable alternative.
In this contribution, we try to analyse the pros/cons of possible options above.
· Indicated in RRC message
DL quality report is indicated in RRC message in NB-IoT. The main drawback of RRC indication is that, according to the RAN1/RAN2/RAN4 discussions for Rel-14 NB-IoT, due to restriction of UE capability, some UE cannot generate or modify the content of Msg3 after transmission of PRACH. Therefore, for this type of UE the DL quality measurement has to be performed before PRACH transmission. 
In Msg3 report on anchor carrier for NB-IoT, this issue is solved by defining two measurement periods (T1 and T2) before and after PRACH for DL quality measurement respectively for UE to select. However for MTC the narrowband, on which Msg3/4 MPDCCH is transmitted, is indicated in RAR thus performing DL quality measurement on the narrowband corresponding to Msg3 needs additional design if DL quality is reported in RRC message.
Furthermore, the size of DL quality report needs to be taken into consideration. The legacy aperiodic CQI report in MTC uses UE-selected subband feedback with 7~8 bits, and the repetition number corresponding to hypothetical MPDCCH uses 4 bits in RRC message. If DL quality is corresponding to both wideband and narrowband or corresponding to more than one narrowbands, the number of reserved bits in Msg3 might be insufficient. 
· Carried via EDT
DL quality report carried in EDT was discussed in last meetings with the following possible solutions: 
· Carry DL quality report after legacy EDT data. Some enhancements are proposed to control the increase of EDT payload size, such as additionally broadcast a larger TBS for Msg3-report capable UE, or reduce the maximum value of actual used TBS at UE side to reserve payload for DL quality report. 
· Introduce a new type of EDT only carrying DL quality report, with pre-defined TBS value that is much smaller than legacy values.
The cons of carrying DL quality report in EDT are similar as indication in RRC message. UE capability may still not support modification of EDT message after transmission of PRACH, so restriction on DL quality measurement duration will also exist. Moreover, the second option will increase system complexity since eNodeB needs to increase blind detection of different TBS values for EDT. 
· Indicated in MAC CE
A new format of MAC CE can be introduced to carry DL quality report in Msg3. Compared with indicated in RRC message, the MAC layer information can be faster processed by UE, thus it is possible to generate the MAC CE carrying DL quality report after PRACH transmission or RAR reception, and the restrictions on CQI measurement can be minimized. 
· Piggybacked in PUSCH
Since CQI report in non-contention based random access procedure is supported by legacy MTC system, it is natural to consider reusing the mechanism for DL quality report in Msg3 for IDLE mode UE if the DL quality metric is decided as CQI. 
In legacy CQI report procedure, if an aperiodic CSI report is triggered by CSI request field in RAR, CQI is mapped on PUSCH transmission of Msg3 by puncturing some PUSCH REs. Similarly, the CSI request field in RAR can be reused to trigger CQI report for IDLE mode UEs in CE mode A, as well as reusing the way of puncturing PUSCH RE for CQI mapping. In CE mode B, DL quality can be triggered by unused states of TBS field.
However, one potential issue of carrying DL quality report on PUSCH is that eNodeB cannot be conscious of UE capability on DL quality reporting during random access procedure in IDLE mode. Therefore, blind detection of DL quality report carried in Msg3 is necessary at eNodeB side, resulting in higher complexity and potential degradation of decoding performance.
Further PRACH resource partitioning can be introduced to distinguish Msg3 with and without DL quality report, but this solution is not preferred by most companies due to its strong impact on system efficiency and complexity. Therefore, if DL quality is carried in PHY, some additional mechanism of indicating whether DL quality is included in Msg3 needs to be discussed. 

Compared with carrying DL quality in higher layer message including MAC CE, RRC message and EDT, DL quality report piggybacked in PUSCH is not preferred due to extra blind detection at eNodeB side. The feasibility and performance of carrying DL quality report via higher layer signalling can be further studied by RAN2.
Proposal 3: DL quality report is carried in higher layer signalling.

2.3 DL quality measurement
The time domain position of DL quality measurement resource will be restricted by whether DL quality report is carried in RRC message, as discussed in Section 2.2. Due to UE capability, some UE cannot generate or modify RRC message after transmission of PRACH, thus if DL quality is reported via RRC signaling (or maybe EDT as well), corresponding measurement needs to be performed before Msg1. Otherwise if DL quality is reported on PUSCH or via MAC signaling, all types of UE can measure DL quality during and after reception of RAR.
Observation 1: DL quality measurement duration is depending on UE capability and whether DL quality report is carried via RRC signaling.

For both CE mode A and CE mode B, on which narrowband or wideband the DL quality is measured and reported should be discussed. The frequency location of for CSI reference resource used for DL quality measurement should be separately considered for EDT and non-EDT cases. 
For EDT case, DL quality report in Msg3 is only beneficial to the reception of the MPDCCH of Msg4 and Msg3 retransmission. Therefore, the DL quality report is better to be measured on the narrowband in which Msg3/Msg4 is transmitted. However, in both CE mode A and CE mode B, transmission of Msg3 and Msg4 can be scheduled in other narrowbands that different with the narrowband on which RAR grant is received, and RRC_IDLE UE is unconscious of the narrowbands used for Msg3 HARQ-ACK and Msg4 before decoding RAR grant successfully. 
In general, UE measure narrowbands in which MPDCCH is monitored, but the scheduled narrowband for Msg3/Msg4 might be outside this range. UE needs to decode the RAR grant, then re-tune to the narrowband for Msg3/Msg4 to perform DL quality measurement before at least 4 subframes of Msg3 transmission. Considering the 6ms scheduling delay between Msg2 and Msg3, and the 1~2ms for re-tuning and RAR decoding, for most values of RCSI, the DL quality measurement can hardly be performed after DL quality report triggered in RAR. In addition, if DL quality is reported via RRC signaling, UE needs to measure DL quality before Msg1.
One possible solution is to avoid this issue by eNodeB implementation. For example, if CSI report is requested by eNodeB in RAR grant, the narrowband configured for Msg3/Msg4 transmission should be the narrowband on which MPDCCH for RAR is monitored by the target UE. From UE perspective, it will always intend to report DL quality measured on the narrowband corresponding to reception of RAR grant.
Otherwise, UE can measure all narrowbands that might be reported in Msg3. In legacy MTC system, the narrowband index of MPDCCH for Msg3/4 field in RAR use 2 bits corresponding to 4 values {0, 1, 2, 3} to indicate the offset between the narrowband index of MPDCCH of Msg2 and MPDCCH of Msg3/4. Therefore, UE could perform DL quality measurement on the 4 candidate narrowbands before transmission of PRACH, and report one measurement result corresponding to the narrowband indicated in RAR. However, additional measurement will be introduced, which have impact on power consumption. Therefore, this solution is not preferred.
Observation 2: Support of DL quality report in Msg3 should not introduce additional measurement compared with legacy system.
Proposal 4: For EDT case, if DL quality report in Msg3 is triggered by eNodeB in RAR, UE report DL quality corresponding to narrowband on which RAR is monitored, and eNodeB should not schedule Msg3/Msg4 MPDCCH to other narrowbands.

For non-EDT case, since the subsequent DL reception after Msg4 could still benefit from the DL quality report in Msg3, and the eNodeB might schedule UE to other narrowbands to receive DL transmissions, the CSI reference is not required to be corresponding to the narrowband used to receive Msg3/4 MPDCCH. 
In addition, reporting multiple results of DL quality measurement reflecting transmission on more CSI reference resources could also be discussed at least for non-EDT in order to assist eNodeB to schedule better narrowband to the UE for the subsequent DL transmissions. Based on the possible locations of resource used for measurement or DL reception in legacy system, UE could report DL quality corresponding to the resource used for RSRP/RSRQ measurement before transmission of PRACH, and the narrowband on which MPDCCH or PDSCH of RAR grant is received.
Observation 4: For non-EDT case, if DL quality report in Msg3 is triggered by eNodeB in RAR, the DL quality measurement is not required to be corresponding to narrowbands of Msg3/4 MPDCCH. 
Proposal 5: DL quality report corresponding to multiple narrowbands and wideband can be considered at least for non-EDT case.

2.4 When DL quality is reported
There were two options discussed to decide when DL quality report is carried in Msg3: always-on DL quality report triggered by SIB, and one-shot DL quality report triggered by RAR. 
If Msg3 report is triggered by SIB, UE will report DL quality in Msg3 in every random access procedure after the feature is enabled. Therefore, UE will always perform DL quality measurement and generate Msg3 carrying DL quality report no matter it is carried via RRC signaling or MAC/PHY signaling. For both CQI and repetition number of hypothetical MPDCCH, this option can be adopted. However, DL quality report might be not always necessary if UE have good coverage and low interference, thus the always-on report will introduce potential overhead. 
Compared with SIB triggering, the on-demand report triggered by RAR is beneficial to reduce overhead. However, RAR triggered DL quality report cannot be supported if DL quality is carried in RRC signaling, unless UE always prepare two Msg3 with and without DL quality report and transmit one corresponding to the content of RAR. This solution is feasible but not preferred, since it introduces additional UE complexity.
Proposal 6: If DL quality is carried in RRC signaling, DL quality report is triggered by SIB. Otherwise DL quality is triggered by RAR.

[bookmark: _GoBack]3. Conclusion
Based analysis above, the following proposals are provided: 
Observation 1: DL quality measurement duration is depending on whether DL quality report is carried via RRC signaling.
Observation 2: Support of DL quality report in Msg3 should not introduce additional measurement compared with legacy system.
Observation 4: For non-EDT case, if DL quality report in Msg3 is triggered by eNodeB in RAR, the DL quality measurement is not required to be corresponding to narrowbands of Msg3/4 MPDCCH. 

Proposal 1: CQI is used as DL quality metric for Msg3 reporting in CE mode A. 
Proposal 2: For CQI report in CE mode A, IDLE UE can perform CQI measurement based on CQI configuration broadcasted in SIB, including MPDCCH configuration for Type-2 CSS for RAR. 
Proposal 3: DL quality report is carried in higher layer signalling.
Proposal 4: For EDT case, if DL quality report in Msg3 is triggered by eNodeB in RAR, UE report DL quality corresponding to narrowband on which RAR is monitored, and eNodeB should not schedule Msg3/Msg4 MPDCCH to other narrowbands.
Proposal 5: DL quality report corresponding to multiple narrowbands and wideband can be considered at least for non-EDT case.
Proposal 6: If DL quality is carried in RRC signaling, DL quality report is triggered by SIB. Otherwise DL quality is triggered by RAR.
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