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1	Introduction
In the work item description (WID) of Rel-16 enhancements for NB-IoT, one of the objectives is to improve the multi-carrier operation as follows [1]. 
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]
· 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] 

In Rel14 NB-IoT, multi-carrier operation in idle mode for paging and random access were introduced. During the maintenance of Rel14 NB-IoT, the support of msg3 quality reporting was brought up and discussed [2]. It was agreed that channel quality reporting for anchor carrier would be introduced, and RAN2 would introduced the corresponding signalling based on the input from RAN4. In an LS from RAN4 to RAN1 [3], RAN4 informs RAN1 and RAN2 the number of candidate values should be reported, and RAN4 would continue to discuss the actual values reported in MSG3. In this contribution, we discuss the support of Msg3 quality reporting for non-anchor access.
[bookmark: _Ref178064866]2	Discussion
During the maintenance discussion in Rel14 NB-IoT, both anchor and non-anchor DL quality reporting in msg3 were discussed [4]. However, due to time limitations, it was only agreed that DL quality report for the anchor carrier was introduced. 
The random access procedure in NB-IoT is depicted in Figure 1 and Figure 2. 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. 
It would be difficult for the UE to monitor RAR on one carrier but to report the channel quality of the anchor carrier. In addition, 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 NRSRP with carrier specific NRS-offset is not sufficient, since it does not capture interference and the quality as indicated in [5]. 



[bookmark: _Ref510512962]Figure 1 Random access procedure in NB-IoT



[bookmark: _Ref510773661]Figure 2 UE procedure for reporting channel quality in MSG3

Notice the current NB-IoT system offers the flexibility that during the RRC setup, the network can assign a different DL carrier to the UE than the one it monitors the RAR. Therefore, it can be beneficial the UE can report the channel quality of a DL carrier that is indicated by the network. However, the challenge here is that the UE cannot make any assumptions in idle mode regarding the NRS presence if this carrier is not used for paging or RAR. Therefore, it is proposed that
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc521669576]When channel quality of NB-IoT UE is reported in MSG 3 and non-anchor for RAR is configured, the UE should report the downlink quality of the carrier indicated by the network. In the absence of such indication, the UE should report the downlink quality of the carrier where the UE monitors MSG2.
[bookmark: _Toc521669577]In the carrier indicated by the network other than the carrier where the UE monitors msg2, specify the NRS patterns that the UE can use for the channel quality measurements in idle mode.

[bookmark: _Toc521669578]Similar to the DL channel quality reporting in msg3 for anchor carrier, the downlink channel quality is denoted as the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%. RAN2 should study the corresponding signalling support, and RAN4 should define the proper channel quality metric and new requirements/test cases (if needed). 

[bookmark: _Toc521669579]Send LS to RAN2 and RAN4 and request their studies in related to the DL channel quality reporting in msg3 for non-anchor carrier. 

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	When channel quality of NB-IoT UE is reported in MSG 3 and non-anchor for RAR is configured, the UE should report the downlink quality of the carrier indicated by the network. In the absence of such indication, the UE should report the downlink quality of the carrier where the UE monitors MSG2.
Proposal 2	In the carrier indicated by the network other than the carrier where the UE monitors msg2, specify the NRS patterns that the UE can use for the channel quality measurements in idle mode.
Similar to the DL channel quality reporting in msg3 for anchor carrier, the downlink channel quality is denoted as the repetition number that the UE needs to decode hypothetical NPDCCH with BLER of 1%. RAN2 should study the corresponding signalling support, and RAN4 should define the proper channel quality metric and new requirements/test cases (if needed).
Proposal 3	Send LS to RAN2 and RAN4 and request their studies in related to the DL channel quality reporting in msg3 for non-anchor carrier.
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