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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]In RAN plenary #80 meeting, a new WID of further enhancements for Rel-16 NB-IoT was approved. It was agreed to improve multi-carrier operation for Rel-16 NB-IoT with the following objective:
Improved multi-carrier operation:
· 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 this contribution, the essential enhancements on non-anchor carrier for quality reporting in Msg3 are discussed.
2. Discussion
For Rel-14 NB-IoT UEs, DL channel quality reporting was agreed as an optional feature in RAN1#92 and RAN1#92b meeting. However, this feature is only supported for anchor carrier on which UE received Msg2. If the DL carrier used for random access is configured as a non-anchor carrier, the DL quality measured on anchor might be inaccurate. Therefore, support of Msg3 quality reporting for non-anchor access is introduced in Rel-16 NB-IoT. 
For enhancement of Msg3 quality reporting of non-anchor in Rel-16, try to reuse the Msg3 reporting mechanism on anchor carrier with essential modification will be a reasonable solution. Similarly, Msg3 quality reporting for non-anchor carrier could carry a hypothetical NPDCCH repetition number (R), which represents the interference from other cells, corresponding to target BLER of 1%. R is derived based on averaging the DL quality during a period of time. The number and values of R for anchor carrier can be reused in non-anchor reporting. The difference of Msg3 reporting for anchor and non-anchor cases is the mechanism of DL quality measurement. 
NRS is used as measure resource to derive the required NPDCCH repetition number. A simple solution is to derive the SINR on non-anchor carrier based on measurement of NRS on anchor carrier and the power offset between anchor and non-anchor carriers, and report the hypothetical NPDCCH repetition number corresponding to the derived non-anchor SINR. However, the power offset can hardly reflect the status of interferences from other cells on anchor and non-anchor carriers, which might be totally different. Hence the accuracy of DL quality measurement based on SINR of anchor carrier needs to be further evaluated.
Proposal #1: DL quality of non-anchor carrier derived by NRS measurement on anchor carrier can hardly reflect actual interference condition and needs further evaluation.
NRS measurement on non-anchor carrier is considerable for DL quality reporting. On non-anchor carrier, UE can only assume NRS transmissions occurred in subframes of paging NPDCCH and Type-2 CSS for random access, as well as 10 subframes before and 4 subframes after the paging NPDCCH and CSS. 
For UE support CSS measurement and reporting, NRS transmitted around the Type-2 CSS for RAR can be used for DL quality measurement. Hence Msg3 quality reporting can be always transmitted for every random access, and UE is expected to benefit from support Msg3 reporting. 
On the contrary, for UE generating Msg3 before transmission of PRACH, thus cannot support CSS measurement and reporting, only if NPDCCH for paging is detected before PRACH resources, UE can use NRS contained in the corresponding subframes as measure resource and reports DL quality in Msg3. Therefore the possible occasion of Msg3 quality reporting might be sparse, and correspondingly the gain of support Msg3 reporting will be very limited.
Additional NRS transmission for Msg3 quality reporting can also be considered. The additional NRS should be transmitted in a broadcast channel/signal periodically. For example, for UE without capability of CSS measurement and reporting, the additional NRS can be transmitted before each one or each multiple configured RACH resources and is transmitted earlier than UE generating Msg3. However, the accuracy of DL quality measurement based on additional NRS, and the gain of increasing density of Msg3 reporting at the expense of NRS overhead, needs to be carefully evaluated and discussed.
Observation #1: For UE with capability of CSS measurement and reporting, DL quality measurement can utilize NRS around Type-2 CSS for RAR, and support Msg3 reporting of DL quality is expected to be beneficial. Otherwise, DL quality measurement can only use NRS around paging NPDCCH and the gain of Msg3 reporting might be very limited. 
Proposal #2: Further evaluate the following measure resources for DL quality reported in Msg3 for non-anchor access:
· NRS corresponding to Type-2 CSS for RAR;
· NRS corresponding to paging NPDCCH;
· Additional NRS for Msg3 reporting.

3. Conclusion
Based analysis above, the following proposals are provided: 
Observation #1: For UE with capability of CSS measurement and reporting, DL quality measurement can utilize NRS around Type-2 CSS for RAR, and support Msg3 reporting of DL quality is expected to be beneficial. Otherwise, DL quality measurement can only use NRS around paging NPDCCH and the gain of Msg3 reporting might be very limited. 
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Proposal #1: DL quality of non-anchor carrier derived by NRS measurement on anchor carrier can hardly reflect actual interference condition and needs further evaluation.
Proposal #2: Further evaluate the following measure resources for DL quality reported in Msg3 for non-anchor access:
· NRS corresponding to Type-2 CSS for RAR;
· NRS corresponding to paging NPDCCH;
· Additional NRS for Msg3 reporting.
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