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Background
In RAN#80, a new work item on NB-IoT enhancements was approved (RP-181451) with the following objective:
Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]

In RAN1#94, the following was agreed:
Agreements
· For channel quality report in Msg3 on non-anchor access, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%
· FFS: Whether the details on the hypothetical NPDCCH are specified or not
· For non-anchor access, RAN1 further studies how UEs report the measured channel quality

Working Assumption
For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)
· FFS: Whether the UE performs measurement on other carriers

DL carrier used for measurements
The reporting of DL channel quality should not require additional measurements at the UE side. Thus, it is natural for the UE to report the DL channel quality of the carrier in which it is monitoring msg2.
Proposal 1: Confirm the following working assumption:
· For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)

Definition of reference resource and measurement resources
Based on the principle of proposal 1, and in line with what is done for LTE, we need to define at least the following:
1) The “reference resource”, i.e., where the placement of the virtual NPDCCH is.
2) The “measurement resources”, i.e., where the UE is allowed to measure to determine the DL quality.

For the reference resource, we propose to make the NPDCCH reference resource equal to the first candidate in the entire search space. This has the following advantages with respect to other options:
1) The UE always monitors this candidate (it is impossible to receive a random access response before this).
2) The NPDCCH reference resource is fixed in time (tying it to the actual received NPDCCH would make the definition more cumbersome).
a. If the NPDCCH reference resource is not fixed in time, the UE may need to continuously compute the DL quality. With this approach, the UE just computes the DL quality once.
3) It doesn’t require the UE to make additional wake-ups to measure.

The definition of this NPDCCH reference resource is depicted in Figure 1.



Figure 1 NPDCCH reference resource definition with respect to NPDCCH/NPDSCH/NPUSCH.

Proposal 2: The ‘NPDCCH reference resource’ is defined as ‘A candidate mapped onto the Type-2 common search space with aggregation level of AL=2 and starting in subframe s0” 

Proposal 3: The subframe s0 is the first subframe of the first candidate of the first Type-2 search space in the random access response window of the current random access attempt.

On the subframes used for measurement, there is no reason to restrict these, and it should be left to UE implementation. Note that the UE is aware of which subframes contain NRS and which ones do not, the UE will only use NRS when it is present. This being said, it is not desirable to force the UE to wake up additional times just for the sake of having a more accurate quality report, and RAN4 requirements should take this into account. Also, the case where NPDCCH is early terminated and the UE goes to sleep before the entire duration should be taken into account when defining this requirement.

Proposal 4: The computation of Rdesired  is based on “an unrestricted observation interval in time, and an unrestricted observation interval in frequency”.

[bookmark: _Hlk510687731]Possible set of values for Rdesired
The current specification defines as follows the maximum number of repetitions for random access:
	npdcch-NumRepetitions-RA-r13			ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, 
														r256, r512, r1024, r2048, 
														spare4, spare3, spare2, spare1},


In total, 12 values are allowed. Thus, if we want to have a complete representation of the desired number of repetitions Rdesired we would need to reserve 4 bits in msg3, which is not possible in all cases. Note that, for Rel-14, the CQI report can contain 2 or 4 bits depending on the number of available bits in msg [1] and, in the case of 2 bits, the interpretation of the report depends on Rmax. We propose to follow the same mechanism in Rel-15 for non-anchor reporting.
Proposal 5: The DL quality reporting in msg3 uses 2 or 4 bits (same as Rel-14)
	- For the 4 bit report, all repetition levels can be reported
	- For the 2 bit report, 3 repetition levels can be reported, which depend on the configured Rmax for the corresponding coverage level.


Summary of proposals
In this contribution we presented our views on DL quality reporting for NB-IoT. We made the following proposals

Proposal 1: Confirm the following working assumption:
· For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)

Proposal 2: The ‘NPDCCH reference resource’ is defined as ‘A candidate mapped onto the Type-2 common search space with aggregation level of AL=2 and starting in subframe s0” 

Proposal 3: The subframe s0 is the first subframe of the first candidate of the first Type-2 search space in the random access response window of the current random access attempt.

Proposal 4: The computation of Rdesired  is based on “an unrestricted observation interval in time, and an unrestricted observation interval in frequency”.

Proposal 5: The DL quality reporting in msg3 uses 2 or 4 bits (same as Rel-14)
	- For the 4 bit report, all repetition levels can be reported.
	- For the 2 bit report, 3 repetition levels can be reported, which depend on the configured Rmax for the corresponding coverage level.
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