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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A WI was approved in [1] to further enhance eMTC.  One of the objectives for this WI is:
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]

This contribution focuses on providing a quality report in Msg 3.
2. Discussion
[bookmark: _GoBack]Typically, when the downlink radio condition of a UE is coarsely estimated by the eNB, the downlink transmissions e.g. MPDCCH and PDSCH, use lower MCS and high repetitions to ensure that the transmission is received.  In CE Mode B, this would lead to excessive repetitions being used which would occupy downlink resources and may consume unnecessary UE power (e.g. if early repetition termination is not employed).  Hence, reporting the UE’s downlink radio condition early would lead to more efficient scheduling of downlink packets.  In the existing system, the downlink radio condition when performing a Random Access process in idle mode is not reported by the UE until after the UE is configured with measurement reports or CSI report, which leads to Msg 4 and the first few downlink messages after Msg 5 not being efficiently scheduled.  It is therefore beneficial if the UE is able to provide Early Measurement Report (EMR) for the downlink radio conditions during the Random Access process.  The earliest the UE can provide such a report is in Msg 3.  We consider the following aspects on quality reporting in Msg 3:
· Triggering/requesting for the EMR
· Types of quality measurements
· Identifying the UE capable of performing EMR
2.1 Triggering/requesting for Early Measurement Report
In order for the UE to perform EMR, the network needs to request for it.  This request can be RRC configured, e.g. in the SIBs or UE specific RRC signalling, and the UE will always provide the EMR every time it performs a Random Access in idle mode.  However, this would mean that the Msg 3 would always contain an EMR thereby requiring a larger TBS and the UE will always have to perform the required measurement for every Random Access attempt.  From a UE power consumption perspective this is not desirable especially in coverage enhanced operations where numerous repetitions are required.
Observation 1: RRC configuring the UE to always provide an Early Measurement Report (EMR) leads to large Msg 3 TBS and higher UE power consumption.

It is therefore preferable that the EMR is only provided when required.  In a typical use case for configuring a measurement report, a criterion is used such that the UE only needs to transmit this report when the criterion is met, e.g. the RSRP is below a threshold.  A similar approach can be used for triggering for an EMR, that is, the network configures a criterion for the transmission of an EMR in Message 3.  The EMR is, of course, only transmitted if the UE has application layer data to transmit which would initiate the Random Access process.
The network may request for an EMR, for example, when it pages the UE for RRC Connection or for DL Early Data Transmission in Msg 4.  Therefore, the trigger can be a request from the network.
Proposal 1: Early Measurement Report is transmitted when an RRC configured measurement criterion is met and/or when requested by the eNB during a Random Access process.

The request for the EMR can be made in the paging message or in Msg 2.  Since using the paging message may involve changes to the higher layer (e.g. at the MME), we prefer that this request is signalled in Msg 2.  One way this can be done is to use the CSI Request bit in the UL Grant of the RAR in CE Mode A since it is not currently used for contention based Random Access.  For CE Mode B, an unused state or field in the DCI scheduling the RAR (Msg 2) can be used to request for EMR.
Proposal 2: The request for Early Measurement Report is signalled in Msg 2 or the DCI scheduling Msg 2.

2.2 Types of Measurements
The EMR can be provided as a layer 3 or a layer 1 measurement.
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.
Observation 2: If the Early Measurement Report is an RRC Measurement Report, then it can be transmitted using EDT via Msg 3.

A typical layer 1 measurement is the CQI.  Another type of Layer 1 EMR can be the number of actual repetitions required to receive the Msg 2 PDSCH.  The repetitions scheduled for Msg 2 would typically be higher than required since, when the eNB scheduled Msg2, the eNB had a coarse estimate of the UE radio condition based on the received preambles.  Hence, the actual number of repetitions would therefore provide the eNB a good picture of the UE actual radio conditions and it can then adjust the MCS and repetitions for future PDSCH (e.g. Msg 4).  The actual number of repetitions can be indicated as a percentage of the scheduled repetition e.g. 10%, 25%, 50%, which would need very few bits.
Proposal 3: Consider reporting the actual number of repetitions required for Msg 2 in the Early Measurement Report.

Layer 1 EMR, such as CQI and actual number of 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.

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 an RRC measurement report.  
Proposal 4: The reserved preamble used for EDT over Msg 3 is used to indicate that the UE may transmit Early Measurement Report.

A Rel-15 UE that is capable of EDT over Msg 3 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 Msg 3 to detect for possible EMR.  
Observation 3: The eNB may have to blind decode on Msg 3 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).  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 Msg 3.
Proposal 5: Introduce a new TBS smaller than the smallest EDT TBS of 328 bits for the transmission of Early Measurement Report over Msg 3.

3.   Conclusion
In this contribution we discuss the some aspects in transmitting Early Measurement Reports in Msg 3.  We observe the following:
Observation 1: RRC configuring the UE to always provide an Early Measurement Report (EMR) leads to large Msg 3 TBS and higher UE power consumption.
Observation 2: If the Early Measurement Report is an RRC Measurement Report, then it can be transmitted using EDT via Msg 3.
Observation 3: The eNB may have to blind decode on Msg 3 for detection of Early Measurement Report.

We propose the following:
Proposal 1: Early Measurement Report is transmitted when an RRC configured measurement criterion is met and/or when requested by the eNB during a Random Access process.
Proposal 2: The request for Early Measurement Report is signalled in Msg 2 or the DCI scheduling Msg 2.
Proposal 3: Consider reporting the actual number of repetitions required for Msg 2 in the Early Measurement Report.
Proposal 4: The reserved preamble used for EDT over Msg 3 is used to indicate that the UE may transmit Early Measurement Report.
Proposal 5: Introduce a new TBS smaller than the smallest EDT TBS of 328 bits for the transmission of Early Measurement Report over Msg 3.
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