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1	Introduction
RAN plenary #83 revised the WID for Rel-16 NB-IoT [1] and added to support DL channel quality support in CONENCTED as well as MSG3-based quality report for non-anchor carrier. 
	Improved multi-carrier operation:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2, RAN4]
· Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 



RAN4#90 discussed the channel quality reporting in MSG3 and agreed with the way forward as follows [2]:
	· Multi carrier operation
· RAN4 is to specify requirements for MSG3 quality reporting on non-anchor carriers based on RAN1/RAN2 outcome.
· RAN4 is to identify the scenarios under which RRM measurements based on NRS on non-anchor carriers are feasible.



RAN1#96 has also reached the following agreements. 
	For further study in future meetings:
For channel quality report in Msg3 on non-anchor access, RAN1 identified the following scenarios in which UE may monitor a carrier that is different from the carrier in which the UE receives Msg2 (i.e. RAR):
· Idle mode
· Non-EDT random access procedure 
· EDT procedure
· Connected mode
· NPDCCH ordered NPRACH procedure
· Random access procedure to apply for UL-SCH resource

Agreement
For the measurement on carrier(s) other than the one UE is receiving RAR for non-anchor access, if supported, RAN1 to select one or more among the following candidates:
· Paging carrier
· Anchor carrier
· Carrier(s) configured by CarrierConfigDedicated-NB in connected mode
· Other carriers configured by network with implicit or explicit signaling

The following issues are identified for RAN1 further study
· Whether amount of time or gap is needed for the measurement
· Which carrier(s) UE reported if more than one carrier is measured
· What kind of NRS UE can use for the measurement and whether needs indication

Agreement
In case of 2 bits are used for a non-anchor carrier, one of 3 candidate values can be reported in Msg3
· Which depends on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

For further study in future meetings:
If supported, RAN1 further discuss how to derive the candidate values reported in Msg3 if no NPDCCH Type2 CSS on the carrier




We discuss further on the channel quality reporting for NB-IoT.
2	Discussion
2.1	MSG3-based channel quality report for non-anchor


[bookmark: _Ref5026460]Figure 1	DL channel quality reporting on non-anchor for NB-IOT

According to RAN1 agreements, the difference from the MSG3-based DL channel quality reporting Rel-14 is to assume the quality measurement on non-anchor carrier, and the possible scenario is illustrated in Figure 1. We may consider two measurement periods for the DL quality measurement: T1 or T2. T1 is the period before the NPRACH transmission, and T2 is the period from the beginning of RAR reception (including NPDCCH) to the MSG3 transmission. 
RAN1 is still discussing the resources for DL quality measurements during T1, for example, anchor carrier, non-anchor carrier for paging, or something else. Since NPDCCH parameters are same for both anchor carrier or non-anchor carrier, we can reuse the framework used for Rel-14 NB-IoT channel quality reporting. Probably we may need to revise the definition of T1 and/or T2 according to RAN1/RAN2 decision.
Proposal 1: For the MSG3-based DL channel quality reporting for non-anchor carrier, RAN4 reuse the framework of anchor carrier DL channel quality reporting specified in Rel-14. 
For Rel-14, RAN4 has defined the reported values for RRC message CQI-NPDCCH-Short-NB, as {Rmax/8, Rmax, 4*Rmax}. For the non-anchor case, it seems RAN1 are going to define the reporting values although it could be same reporting values in Rel-14. RAN4 need to wait for the conclusion by RAN1.
Proposal 2: RAN4 waits for the RAN1 decision on the reported values for CQI-NPDCCH-Short-NB used for non-anchor channel quality reporting. 
2.2	DL quality reporting in connected mode for anchor and non-anchor carriers
This objective has been agreed in the last plenary, and we suppose RAN1/RAN2 will discuss the detailed design. RAN4 need to wait for the decision by RAN1/RAN2. 
3	Conclusion
Proposal 1: For the MSG3-based DL channel quality reporting for non-anchor carrier, RAN4 reuse the framework of anchor carrier DL channel quality reporting specified in Rel-14. 
Proposal 2: RAN4 waits for the RAN1 decision on the reported values for CQI-NPDCCH-Short-NB used for non-anchor channel quality reporting. 
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Appendix (TS36.133)
[bookmark: _Hlk521660957]6.6.2.6	MSG3-based channel quality report for UE Category NB1
[bookmark: _GoBack]The requirements in this clause shall apply for UE supporting DL channel quality reporting for UE Category NB1 as defined in TS 36.331 [2] section 5.3.3.3, 5.3.3.3a, and 5.3.7.4. 
The DL channel quality provides the serving eNB with information about the minimum NPDCCH repetition level to satisfy the hypothetical NPDCCH block error rate of 1% with the parameters specified in Table 6.6.2.6-1.
Table 6.6.2.6-1: NPDCCH transmission parameters for downlink quality reporting.
	Parameters
	Values

	DCI format
	Format N1

	Number of information bits (excluding CRC)
	23bits

	System bandwidth
	200kHz

	Antenna configuration
	2x1

	Aggregation level
	2

	DRX
	OFF



The reported NPDCCH repetition level shall be derived from the channel quality measured in the period T1 or T2 in the carrier where the random access response is transmitted, where
-	T1 is the period before NPRACH transmission used for NRSRP measurement for enhanced coverage level estimation
-	T2 is the period from the beginning of the random access response to the beginning of PUSCH format 1 for DL channel quality reporting.
The NPDCCH repetition level for CQI-NPDCCH-NB and CQI-NPDCCH-Short-NB is chosen from the supported NPDCCH repetition levels [3]. The report mapping is defined in 9.1.22.15.
The UE shall satisfy the downlink channel quality measurement accuracy requirements as specified in 9.1.22.16.
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