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1. Introduction 

In RAN1#94 we agreed the following:
Agreement

Prioritize the following alternatives for DL quality report in Msg3 in MTC, for CE Mode A and CE Mode B separately:
· CQI (for CE Mode A)
· Repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH 

· FFS if aggregation level needs to be reported when repetition number equal to 1
· RSRP/RSRQ
Companies are encouraged to provide details and/or performance evaluation results

Agreement

Whether the DL quality report is included in Msg3 is indicated in SIB and/or RAR. 
Above applies in case the UE supports DL quality report in Msg3.

This contribution discusses some considerations providing quality report via Msg3.
2. Discussions
We will consider the following aspects of Early Measurement Report via Msg3:

· Types of quality measurements

· Requesting for EMR

· Identifying the UE capable of performing EMR

2.1 Types of Measurements

EMR can be provided as a layer 1 or layer 3 measurements where each has different usage.  Layer 1 measurement is typically used for scheduling of PDSCH whilst Layer 3 measurements are typically used for mobility purpose.  Both measurements can be provided using Early Measurement Report via Msg3.

Observation 1: Layer 1 and Layer 3 measurements have different usage and both can be provided as Early Measurement Report via Msg3.
For Layer 1 measurement, we can consider CQI report which is already supported in CE Mode A (i.e. connected mode) and hence can be easily extended for CE Level 0 and 1 in idle mode.  

Proposal 1: For Layer 1 measurements in CE Mode A, CQI reported as EMR via Msg3.
CQI reporting is not supported in CE Mode B.  In NB-IoT a hypothetical repetition number to decode MPDCCH is used, which would require the UE to perform prior measurements e.g. based on CRS to derive this hypothetical repetition number.  Unlike CE Mode A where the CQI report can be performed quickly, in CE Mode B, deriving such a hypothetical repetition may lead to excessive UE battery power consumption since such measurements need to be performed prior to the RACH process.  Alternatively, the actual repetition of the PDSCH carrying the RAR required for the UE to decode this RAR can be obtained on the fly whilst the UE decodes the RAR [1], [2].  This can also be easily obtained since UE would typically (and also beneficial) perform early termination of PDSCH repetitions.  It would also provide an accurate measurement compared to a hypothetical measurement derived from other signals such as CRS.
Observation 2: For CE Mode B, deriving a hypothetical MPDCCH repetition number for EMR would require the UE to perform long measurements prior to RACH process which can degrade the UE battery power.  In contrast an actual PDSCH repetition number can be obtained on the fly and does not require additional effort at the UE since typically UE would perform early termination of PDSCH repetitions.
Proposal 2: For Layer 1 measurement in CE Mode B, the actual PDSCH repetition number of the RAR is reported as EMR via Msg3.
Layer 1 measurement reports such as CQI and actual PDSCH repetitions require very few encoded bits.  As in the legacy system this can be piggybacked onto the Msg 3 PUSCH, i.e. by puncturing some REs in the PUSCH transmission.  Alternatively the CQI can be transmitted as a message carried by the PUSCH e.g. via EDT over Msg 3.

Proposal 3: Layer 1 measurement report can be carried by puncturing the PUSCH carrying Msg3 or via UL EDT.

For layer 3 measurements, the EMR can be an RSRP/RSRQ-type measurements, which is transmitted as an RRC Measurement Report.  This would require a TBS larger than that for an RRC Connection Request and hence for such EMR, Early Data Transmission (EDT) over Msg 3 is required.

Proposal 4: Layer 3 measurement report is carried using UL EDT via Msg3.

2.2 Requesting for Early Measurement Report

As per agreement in RAN1#94, the indication for EMR can be indicated in the SIB or RAR.

For Layer 1 measurement reports in CE Mode A, i.e. the CQI report, the eNB can request for it using the CSI Request bit in the UL Grant for RAR, which is currently not used for contention based Random Access.  For CE Mode B, an unused state or field in the DCI scheduling the RAR can be used to request for the actual PDSCH repetition number.

Proposal 5: For Layer 1 measurement report in CE Mode A, the CQI is requested by the eNB using the CSI Request bit in the UL Grant scheduling the RAR.
Proposal 6: For Layer 1 measurement report in CE Mode B, the actual PDSCH repetition number is requested by the eNB using an unused state or field in the DCI scheduling the RAR.
For Layer 3 measurements, the request for EMR is indicated in the SIB.  In legacy system, layer 3 measurements such as RSRP/RSRQ is typically triggered when a criterion is met, e.g. when the RSRP falls below a threshold.  A similar criterion can be used for Layer 3 measurement report over Msg3, where here the SIB can further indicate such a criterion, e.g. the RSRP/RSRQ threshold.

Proposal 7: For Layer 3 measurement report, the SIB configures a RSRP/RSRQ criterion such that the Layer 3 measurement is reported only when the UE meet this criterion.
2.3 EMR UE Identification

The eNB would need to be aware that a Msg3 transmission contains EMR and hence needs to know whether a UE performing Random Access is capable of transmitting EMR.  One way to achieve this is for UE capable of EMR to use a reserved set of preambles.  However, this would lead to further PRACH partitioning.  To avoid further PRACH partitioning the set of reserved preambles for EDT can be used for the UE to indicate its capability or rather intention to transmit EMR. This may be beneficial especially if the EMR needs to be transmitted using EDT, e.g. if the EMR is in the form of a layer 3 measurement report.  

Proposal 8: The reserved preamble used for EDT over Msg3 is used to indicate that the UE may transmit Early Measurement Report.
A Rel-15 UE that is capable of EDT over Msg3 and not able to perform EMR would also use the same reserved preambles as a Rel-16 UE that is capable of EMR (and EDT).  The eNB may therefore need to perform blind decoding on the Msg3 to detect for possible EMR.  

Observation 3: The eNB may have to blind decode on Msg3 for detection of Early Measurement Report.

It should also be noted that the EMR may require a TBS smaller than the smallest existing EDT TBS of (328 bits) but larger than that used for RRC Connection Request.  If the UE transmits only an EMR, it would have to add padding bits to fill up the TBS.  Hence, it is beneficial to introduce one additional TBS that a Rel-16 UE can use for EMR transmission.  This TBS is only used when the eNB has requested for only EMR (e.g. via CSI Request bit in the RAR).  This will also help the eNB in blind decoding for an EMR in Msg3.
Proposal 9: Introduce a new TBS smaller than the smallest EDT TBS of 328 bits for the transmission of Early Measurement Report over Msg3.

3. Conclusion

In this contribution we discuss some aspects of Early Measurement Report via Msg3.  We observe the following:

Observation 1: Layer 1 and Layer 3 measurements have different usage and both can be provided as Early Measurement Report via Msg3.

Observation 2: For CE Mode B, deriving a hypothetical MPDCCH repetition number for EMR would require the UE to perform long measurements prior to RACH process which can degrade the UE battery power.  In contrast an actual PDSCH repetition number can be obtained on the fly and does not require additional effort at the UE since typically UE would perform early termination of PDSCH repetitions.
Observation 3: The eNB may have to blind decode on Msg 3 for detection of Early Measurement Report.

We propose the following:

Proposal 1: For Layer 1 measurements in CE Mode A, CQI reported as EMR via Msg3.
Proposal 2: For Layer 1 measurement in CE Mode B, the actual PDSCH repetition number of the RAR is reported as EMR via Msg3.

Proposal 3: Layer 1 measurement report can be carried by puncturing the PUSCH carrying Msg3 or via UL EDT.

Proposal 4: Layer 3 measurement report is carried using UL EDT via Msg3.

Proposal 5: For Layer 1 measurement report in CE Mode A, the CQI is requested by the eNB using the CSI Request bit in the UL Grant scheduling the RAR.
Proposal 6: For Layer 1 measurement report in CE Mode B, the actual PDSCH repetition number is requested by the eNB using an unused state or field in the DCI scheduling the RAR.
Proposal 7: For Layer 3 measurement report, the SIB configures a RSRP/RSRQ criterion such that the Layer 3 measurement is reported only when the UE meet this criterion.
Proposal 8: The reserved preamble used for EDT over Msg3 is used to indicate that the UE may transmit Early Measurement Report.
Proposal 9: Introduce a new TBS smaller than the smallest EDT TBS of 328 bits for the transmission of Early Measurement Report over Msg3.
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