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Introduction
At RAN1#92,  a discussion started on the need for introducing early quality signalling from a NB-IoT UE to the network. RAN1 made the following agreements and an LS was sent to RAN2 and RAN4. 
“
· The downlink channel quality of NB-IoT UE is reported in MSG 3
· The downlink channel quality is denoted as the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%
· FFS the details for this metric (at least including measure resources, measure duration, and the details for hypothetical NPDCCH, such as the format, the aggregation level)
· This feature is optional for Rel-14 UEs
· Send LS to RAN2/RAN4 with the following actions: 
· To RAN2: To implement the above signaling
· To RAN4: To define the channel quality metric and new requirements/test cases (if needed)
· Note: This info can be used to assist subsequent DL transmission scheduling and does not put constraints on future enhancements in later release
“. 
In this paper, we discuss the remaining issue regarding the reporting of NPDCCH repetition numbers in MSG3.  
Discussion
Background
For NB-IoT it is expected that short UL data transmission is a frequent and an important use case. UL data can be transmitted already in Msg5 which implies that the DL radio quality reporting needs to be signalled early. Quality reporting in Msg3 allows the eNB to optimize the downlink adaptation for the NPDCCH control signalling giving an assignment for Msg4 and a grant for Msg5. It also supports improved link adaptation for the Msg4 NPDSCH transmission.
The below figure illustrates the NPDCCH performance when transmitting DCI format N0 for the case of standalone mode of operation. While a single repetition is transmitted over 1 subframe, 128 repetitions requires 128 subframes. Based on these results the gains from knowing the downlink radio quality is obvious. It is also important to note that the penalty of inaccurate link adaptation is increasing with decreasing SNR.
[image: ]
[bookmark: _Ref510512959]Figure 1 NPDCCH performance in standalone mode for aggregation level 2 and 1 NRS port. 164 dB coupling loss corresponds to -4.5 dB SNR.
The random access procedure in NB-IoT is depicted in Figure 2 and Figure 3. In Rel-14 NB-IoT enhancement, non-anchor carrier can be used for paging and random access. Therefore, in the case of receiving RAR on a non-anchor carrier, after sending msg1, the UE monitors msg2 on a carrier that is configured in the SIB. 
The previous agreement made in RAN1 was not clear whether the UE should always report the quality of the anchor carrier in msg3, or it should report the carrier that the UE is monitoring for msg2. It would be difficult for the UE to monitor RAR on one carrier but to report the channel quality of the anchor carrier. In additional, currently, in idle mode, the UE is only required to measure the quality on the anchor carrier. Hence, if the UE reports the DL quality measured on the anchor carrier when accessing the network on a non-anchor carrier, the reporting becomes useless. Notice that that NRPRS with carrier specific NRS-offset is not sufficient, since it does not capture interference and the quality as indicated in [1]. 
Therefore, it is proposed that
Proposal 1. When the downlink channel quality of NB-IoT UE is reported in MSG 3, the UE should report the downlink quality of the carrier where the UE monitors msg2. 




[bookmark: _Ref510512962]Figure 2 Random access procedure in NB-IoT



[bookmark: _Ref510773661]Figure 3 UE procedure for reporting channel quality in MSG3
NPDCCH repetition number reporting range
In most cases, the non-anchor carrier is not power boosted, and hence it is expected that the number of repetitions used on the non-anchor carrier is larger. Currently, the possible number of repetitions for NB-IoT NPDCCH from 1 up to 2048. Therefore, in the worst case, an excessive amount of  bits are needed if we want to report all possible values.  Moreover, when the eNB decides the configurations, it will not only consider the reporting from the UE, but also needs to consider other factors, e.g., cell load, UE mobility, etc. In most of the cases, the eNB would have certain margins in the initial configuration, especially for the CP based solution where RRC reconfiguration is not supported. As the size of MSG 3 is limited (in total 88 bits for NB-IoT), we should reduce the report overhead as much as possible to spare bits for other purposes in later releases.
Observation 1.  As the number of available bits in MGS3 is limited, it is important not to use excessive amount of bits for the reporting of NPDCCH repetition numbers. 
Notice that the Rmax for type2-CSS in configured per carrier. Moreover, the measurement time for the UE before sending report in msg3 is very limited, especially for the non-anchor case. One way for UE to know the NPDCCH repetition number ensuring reliable NPCCCH decoding success rate is based on the NPDCCH decoding results in MSG2.
The UEs that monitor the same carrier for msg2 use the same configuration for type2-CSS, but depending on the coverage levels, the UEs can do early termination if it get a CRC pass during blind decoding of the NPDCCH. Moreover, when monitoring type-2 CSS for DCI that schedules RAR, the UE usually checks NPDCCH candidates of Rmax/8, Rmax/4, Rmax/2, and Rmax. Therefore, it is reasonable to report the number of NPDCCH repetitions in terms of Rmax, and it is not expected the UE can report a number that is larger than Rmax. 
This is similar to what has been done in LTE-M, where the UE can report a suggested NPDCCH repetition number in connected mode in terms of Rmax [2]. The eNB can done use the reporting together with other information, e.g., cell load, UE mobility, to decide whether to reconfigured the number of NPDCCH repetitions. 
Proposal 2. [bookmark: _Ref510773990]UE may derive the NPDCCH repetition number based on the repetition number that the UE successfully decoded NPDCCH that schedules MSG2 and the channel quality measurement until MSG3 transmission.
· The channel quality should be measured in the carrier where NPDCCH is transmitted. 
· UE reports one of the values in {Rmax/8, Rmax/4, Rmax/2, Rmax}. 
Conclusion
In this paper we observe and propose the following:
Observation 1. As the number of available bits in MGS3 is limited, it is important not to use excessive amount of bits for the reporting of NPDCCH repetition numbers. 

Proposal 1. When the downlink channel quality of NB-IoT UE is reported in MSG 3, the UE should report the downlink quality of the carrier where the UE monitors msg2. 
Proposal 2.  UE may derive the NPDCCH repetition number based on the repetition number that the UE successfully decoded NPDCCH that schedules MSG2 and the channel quality measurement until MSG3 transmission.
· The channel quality should be measured in the carrier where NPDCCH is transmitted. 
· UE reports one of the values in {Rmax/8, Rmax/4, Rmax/2, Rmax}. 
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