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1. Introduction

In RAN1 #96 meeting, we had the following agreements on Support of Quality report in Msg3 and Connected Mode for MTC [1].
Agreement
· For DL quality report in Msg3:

· If frequency hopping for MPDCCH is enabled, at least wideband DL quality is reported.

· Wideband DL quality is calculated assuming transmission on all narrowband(s) to which the derived repetition number and/or aggregation level relates.

· FFS if additionally reports DL quality on a preferred narrowband and/or position of the preferred narrowband.

· If frequency hopping for MPDCCH is disabled, DL quality based on one narrowband is reported.

· For DL quality report in connected mode

· DL quality is with respect to USS for both CE mode A and CE mode B.

· DL quality is measured at least on narrowband(s) on which MPDCCH of USS is monitored.
· For DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1):

· If the repetition number in DL quality information is larger than 1, only repetition number is reported with pre-defined maximum aggregation level;

· If the repetition number in DL quality information equals to 1, FFS between: 

· Only aggregation level is reported with pre-defined repetition number equals to 1

· Repetition number equals to 1 is reported with pre-defined [maximum] aggregation level
In this contribution, some remaining issues related to quality report in Msg3 and Connected Mode in MTC are discussed.
2. Channel quality report in RRC_IDLE mode

2.1. Hopping is disabled
In RAN1 #96 meeting, it was agreed that DL quality based on one narrowband is reported if frequency hopping for MPDCCH is disabled. However, how to select the ‘one narrowband’ is not concluded yet. In this subclause, we analyze the following candidate narrowbands for DL quality measurement:

· Narrowband used for RSRP measurement

For initial access, at least one narrowband should be measured by UE. For the RSRP measurement in RRC_IDLE mode, the narrowband(s) that the UE needs to measure is configured by eNB via high layer signalling. Therefore, the number of measured narrowband(s) may be larger than 1.

Observation 1: For a given UE, the number of narrowband(s) used for RSRP measurement may be larger than 1.
· Narrowband used for paging

The MPDCCH for paging can be used for DL quality measurement only when there is a Paging Occasion right before transmission of Msg3. But no relationship is specified between Paging Occasion and the transmission time of Msg3. In other words, Paging Occasion may not exist before the transmission of Msg3. Therefore, narrowband used for paging is not suitable for DL quality measurement.

Observation 2: When DL quality report in Msg3 is triggered, there may be no Paging Occasion before the transmission of Msg3.
· Narrowband on which MPDCCH of RAR is monitored

It is a straightforward way for DL quality report. When DL quality report in Msg3 is triggered, contention based random access procedure is operated by the UE. MPDCCH of RAR is used for DL quality measurement, then the DL quality is reported in Msg3. The gap for DL quality measurement is the time window of the search space of MPDCCH scheduling RAR which is configured by high layer parameter “ra-ResponseWindowSize”. The gap is large enough for UE to evaluate an accurate DL quality.  

Observation 3: If narrowband on which MPDCCH of RAR is monitored is used for DL quality measurement, the gap for DL quality measurement is the time window of the search space of MPDCCH scheduling RAR which is configured by high layer parameter “ra-ResponseWindowSize”.

· Narrowband on which UE received PDSCH of RAR

In this case, if the repetition number of PDSCH of RAR is configured to 1, the gap for DL quality measurement is only 1 ms. Obviously, it is not large enough to evaluate an accurate DL quality.
Observation 4: If narrowband on which UE received PDSCH of RAR is used for DL quality measurement, the DL quality measurement gap is not large enough to evaluate an accurate DL quality especially when the repetition number of PDSCH of RAR is configured to 1.
· Narrowband configured in SIB

The narrowband(s) for DL quality measurement can be configured by eNB in SIB. The number of narrowband(s) for DL quality measurement may be larger than 1, and the UE can select one narrowband from the configured narrowband(s) and report the DL quality of the selected narrowband in Msg3. It is the most flexible solution for DL quality measurement.

Observation 5: If narrowband(s) for DL quality measurement is configured in SIB, the number of the narrowbands may be larger than 1.

Based on the above analysis, we can conclude that narrowband configured in SIB is the most flexible solution for DL quality measurement. When frequency hopping for MPDCCH is disabled, if a narrowband set for DL quality measurement is configured in SIB, the UE can select one narrowband from the narrowband set and report its DL quality in Msg3. Otherwise, narrowband on which MPDCCH of RAR is monitored is used for DL quality measurement.

Proposal 1: When frequency hopping for MPDCCH is disabled, if a narrowband set for DL quality measurement is configured in SIB, the UE can select one narrowband from the narrowband set and report its DL quality in Msg3. Otherwise, narrowband on which MPDCCH of RAR is monitored is used for DL quality measurement.
2.2. Hopping is enabled
During random access procedure, frequency hopping activation/deactivation for RAR/Msg3/Msg4/Type2-MPDCCH for a CE level is configured by high layer parameter “rar-HoppingConfig”. When frequency hopping is enabled (activation), a wideband DL quality is enough to reflect the channel quality of Msg4/Type2-MPDCCH. There is no need to additionally report DL quality on a preferred narrowband and/or position of the preferred narrowband.

Proposal 2: When frequency hopping for MPDCCH is enabled, there is no need to additionally report DL quality on a preferred narrowband and/or position of the preferred narrowband.
3. Channel quality report in RRC_CONNECTED Mode

In RRC_CONNECTED mode, some events may cause eNB to send “PDCCH order” to trigger contention based random access. For example, if UE is UL asynchronized, eNB would send “PDCCH order” to trigger contention based random access procedure for UL re-synchronization. Moreover, in order to improve the DL transmission efficiency after UL re-synchronization, an indicator carried in “PDCCH order” can be used to indicate whether DL quality report is enabled in Msg3. The indicator uses one of the reserved bits in “PDCCH order”.

Proposal 3: In RRC-CONNETED mode, an indicator carried in “PDCCH order” can be used to indicate whether DL quality report is enabled in Msg3.

4. Conclusions

In this contribution, we have discussed the remaining issues related to quality report in Msg3 and Connected mode in MTC. We have the following proposals.

Observation 1: For a given UE, the number of narrowband(s) used for RSRP measurement may be larger than 1.
Observation 2: When DL quality report in Msg3 is triggered, there may be no Paging Occasion before the transmission of Msg3.
Observation 3: If narrowband on which MPDCCH of RAR is monitored is used for DL quality measurement, the gap for DL quality measurement is the length in time domain of the search space of MPDCCH scheduling RAR which is configured by high layer parameter “ra-ResponseWindowSize”.

Observation 4: If narrowband on which UE received PDSCH of RAR is used for DL quality measurement, the DL quality measurement gap is not large enough to evaluate an accurate DL quality especially when the repetition number of PDSCH of RAR is configured to 1.
Observation 5: If narrowband(s) for DL quality measurement is configured in SIB, the number of the narrowbands may be larger than 1.

Proposal 1: When frequency hopping for MPDCCH is disabled, if a narrowband set for DL quality measurement is configured in SIB, the UE can select one narrowband from the narrowband set and report its DL quality in Msg3. Otherwise, narrowband on which MPDCCH of RAR is monitored is used for DL quality measurement.
Proposal 2: When frequency hopping for MPDCCH is enabled, there is no need to additionally report DL quality on a preferred narrowband and/or position of the preferred narrowband.
Proposal 3: In RRC-CONNETED mode, an indicator carried in “PDCCH order” can be used to indicate whether DL quality report is enabled in Msg3.
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