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Discussion and decision
1 Introduction

In RAN plenary # 80 meeting, following objectives for Rel-16 eMTC WI have been approved.
Improved DL transmission efficiency and/or UE power consumption:

· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

· 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]

The DL quality report in Msg3 is useful to configure the DL transmission parameters. In this contribution, we discuss the options for quality reporting in Msg3.
2 Discussion
In eMTC, currently the minimum UL grant provided in RAR is 56 bits which is sufficient to transmit a RRC message. Minimum UL grant in RAR is not sufficient to carry the DL quality report in Msg3 (in RRCConnectionRequest or RRCConnectionResumeRequest message). A new mechanism to request a larger minimum UL grant in RAR would be required. However, when EDT is used, UE receives larger UL grant in RAR sufficient to report channel quality in Msg3. Therefore, the DL quality report in Msg3 for EDT can be supported.

Observation 1. DL quality report in Msg3 for EDT can be supported. For non-EDT case, a new mechanism to request a larger UL grant in RAR would be required

In RAN1#94 meeting, following agreements were made.
	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. 


From RAN1 agreement, the metric for DL quality report could be RSRP/RSRQ or repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH or CQI measurements. It is also agreed that whether eNB wants DL quality report or not is indicated in SIB and/or RAR.
2.1 Measurements timing
It should be noted that RRC message for Msg3 is constructed and sent to lower layer for transmission before a Random Access (RA) process can be initiated. This simply means that if UE prepares the DL quality report during period from the beginning of Msg2 reception to the beginning of Msg3 transmission, it cannot be included in the RRC message without change in the RRC MAC interaction modeling and specification.

Observation 2. DL quality report prepared during period from the beginning of Msg2 reception to the beginning of Msg3 transmission cannot be included in the RRC message.

In NB-IoT, it was agreed that it is up to UE to use available measurement before sending Msg1 or take new measurement from Msg2 to report in Msg3. Following NOTE 2 is added in TS 36.321.
NOTE 2:
The downlink channel quality measurements may use measurement period T1 or T2, as defined in TS 36.133 [16]. In case period T2 is used the RRC-MAC interactions are left to UE implementation.

The period T1 and T2 are defined as

· T1: period used for (N) RSRP estimation for (N) PRACH CE level decision
· T2: period from the beginning of Msg2 reception to the beginning of Msg3 transmission
Similarly as in NB-IoT, measurement time needs to be defined in eMTC.
If period T1 is used, UE would have available RSRP/RSRQ measurements which can be included in RRC message when it is constructed. If period T2 is used, UE may not have sufficient time to take RSRP/RSRQ measurements and include the measurement in RRC message.

Observation 3. If period T1 is used, UE would have available RSRP/RSRQ measurements which can be included in RRC message when it is constructed. If period T2 is used, UE may not have sufficient time to include the measurement in RRC message.
2.2 DL quality reporting
If UE is to report RSRP/RSRQ in the Msg3, then the UE should report the available RSRP/RSRQ measurements during period T1. If UE is to report repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH or CQI, this measurement can be done during period T1 or period T2. As in NB-IoT, this can be left to UE which period to use.

Observation 4. For the measurement of repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH or CQI, it can be left to UE whether the measurement is taken during period T1 or T2.
As per RAN1 agreement, whether the DL quality report is included in Msg3 is indicated in SIB and/or RAR. If it is indicated in RAR (or measurement is to be taken during period T2), then following options can be considered to include the report in Msg3.
1. MAC CE

2. Piggybacked on PUSCH

However, option to piggyback the DL quality report on PUSCH is not in the scope of RAN2 and probably only few bits could be piggybacked. MAC CE can also be used to include the measurement report taken during period T2. MAC can ask multiplexing and assembly entity to multiplex the MAC CE with the RRC message and store in Msg3 buffer for transmission.
Observation 5. MAC can ask multiplexing and assembly entity to multiplex the MAC CE that includes DL quality report taken during period T2 and store in Msg3 buffer for transmission.
From the observations above, followings are proposed.

Proposal 1. If DL quality report is prepared during the period T1, it is included in RRC message.

Proposal 2. If DL quality report is prepared during the period T2, it is included in MAC CE to be transmitted in Msg3.
3 Conclusion

The observations captured are the following:
Observation 1.
DL quality report in Msg3 for EDT can be supported. For non-EDT case, a new mechanism to request a larger UL grant in RAR would be required
Observation 2.
DL quality report prepared during period from the beginning of Msg2 reception to the beginning of Msg3 transmission cannot be included in the RRC message.
Observation 3.
If period T1 is used, UE would have available RSRP/RSRQ measurements which can be included in RRC message when it is constructed. If period T2 is used, UE may not have sufficient time to include the measurement in RRC message.
Observation 4.
For the measurement of repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH or CQI, it can be left to UE whether the measurement is taken during period T1 or T2.
Observation 5.
MAC can ask multiplexing and assembly entity to multiplex the MAC CE that includes DL quality report taken during period T2 and store in Msg3 buffer for transmission.

The proposal captured are the following:
Proposal 1.
If DL quality report is prepared during the period T1, it is included in RRC message.
Proposal 2.
If DL quality report is prepared during the period T2, it is included in MAC CE to be transmitted in Msg3.


