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1 Introduction

At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to support Msg3 quality reporting for non-anchor access.
Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]
In this contribution, we provide our views on support of Msg3 quality reporting for non-anchor access.
2 Msg3 quality report for non-anchor access

2.1 Channel quality definition
In NB-IoT Rel-14, the downlink channel quality report in Msg3 is only supported for the anchor carrier on which the UE received Msg2. For anchor access, the downlink channel quality is defined as the repetition number the UE needs to decode hypothetical NPDCCH with BLER of 1%. The downlink channel quality for non-anchor access can reuse the same definition. 
Proposal 1: The downlink channel quality definition for non-anchor access reuses that for anchor access, i.e. the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%.

2.2 Channel quality measurement
For channel quality measurement of anchor access, it is agreed in RAN4#87[2] that there could be two measurement periods UE can use to derive the NPDCCH repetition number to satisfy the hypothetical NPDCCH with BLER of 1% as shown in Figure 1.

· T1: period used for NRSRP estimation for NPRACH CE level decision.

· T2: period between MSG1 transmission and MSG3 transmission.

It is up to UE implementation to use T1 and/or T2 to estimate the downlink channel quality as far as the UE meets the accuracy requirement. There is still some remaining work in RAN4 for how to specify the measurement period and accuracy requirements of reported repetition number.
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Figure 1 UE procedure for reporting channel quality in Msg3 (agreed in RAN4#87[2])
NB-IoT UE in idle mode only performs RRM measurements on anchor carrier. Thus, before UE decides the non-anchor carrier to access and trigger the random access procedure by higher layer it does not know the channel quality of the accessing non-anchor carrier. UE can only measure on the non-anchor carrier sending RAR after Msg1 preamble is sent. Thus the measurement period for non-anchor carrier access has to be during T2 in Figure 1.

Observation 1: For non-anchor carrier access, UE does not know which downlink non-anchor carrier it should measure channel quality before the random access procedure begins.
The channel quality measurements should reflect the channel status when Msg4 is scheduled, hence measurements done closer to the Msg4 transmission can better help to adapt the transmission of Msg4. UE should first measure NRS to derive its SINR, then map it to the number of repetitions based on a stored look-up table by implementation. The interference difference between anchor carrier and non-anchor carrier is unknown, thus it would be beneficial to have measurements based on the non-anchor carrier on which the UE received RAR. 
Proposal 2: For a NB-IoT UE, the channel quality measurement for downlink non-anchor carrier is done between MSG1 transmission and MSG3 transmission.
Proposal 3: For non-anchor carrier access, UE performs measurements on the downlink non-anchor carrier where it receives Msg2.
2.3  Channel quality report
The RRC message conveyed in Msg3 has already been constructed before the RACH procedure commences, and there is no requirement to update it during the RACH procedure. As the measurement time of non-anchor carrier is during T2 (i.e. between MSG1 transmission and MSG3 transmission), the measurement has to be done after the random access procedure begins. The RRC message conveyed in Msg3 for Rel-16 needs to be updated to carry the measurement result. So for channel quality report of non-anchor carrier, RRC message update during the RACH procedure needs to be supported.
Observation 2: A Rel-16 UE will need to support RRC message update during the RACH procedure for non-anchor access.
Proposal 4: Send a LS to inform RAN2 to take observation 2 into consideration.
For channel quality report of anchor carrier in Rel-14, there are 3 candidate values in the message RRCConnectionReestablishmentRequest-NB and 12 candidate values for other messages, the specific values are still FFS in RAN4 for Rel-14. Since Rel-16 UE will need to support RRC message update during the RACH procedure for non-anchor access, more information can be taken into consideration other than NRS RRM measurement before Msg1. Since the eNB transmission power on non-anchor carrier may be less than anchor carrier which results in larger repetitions, it is beneficial that UE can provide more accurate feedback of channel quality for the non-anchor carrier to avoid wasting resources.
Observation 3: The eNB transmission power on non-anchor carrier may be less than anchor carrier which results in a larger number of repetitions.
Proposal 5: Channel quality report in Msg3 for downlink non-anchor carrier needs to be very accurate.
3 Conclusions
In this contribution, our views on support of Msg3 quality reporting for non-anchor access are provided. The following observations and proposals are made.

Proposal 1: The downlink channel quality definition for non-anchor access reuses that for anchor access, i.e. the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%.

Observation 1: For non-anchor carrier access, UE does not know which downlink non-anchor carrier it should measure channel quality before the random access procedure begins.
Proposal 2: For a NB-IoT UE, the channel quality measurement for downlink non-anchor carrier is done between MSG1 transmission and MSG3 transmission.
Proposal 3: For non-anchor carrier access, UE performs measurements on the downlink non-anchor carrier where it receives Msg2.
Observation 2: A Rel-16 UE will need to support RRC message update during the RACH procedure for non-anchor access.
Proposal 4: Send a LS to inform RAN2 to take observation 2 into consideration.
Observation 3: The eNB transmission power on non-anchor carrier may be less than anchor carrier which results in a larger number of repetitions.
Proposal 5: Channel quality report in Msg3 for downlink non-anchor carrier needs to be very accurate.
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