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Introduction
[bookmark: _Hlk516692042][bookmark: _Hlk516784255]A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  The scope includes study NR and LTE specifications to identify possible issues related to coexistence of NB-IoT with NR. In RAN1#94and RAN1#94bis, the following observation and agreement were made
· Observation: From RAN1 perspective, no issues were identified that would prevent the coexistence of NR and NB-IoT
· Agreement: RAN1 studies additional specification enhancement for improving the performance of coexistence of NB-IoT with NR.
· The following aspects are studied to improve the performance of coexistence of NB-IoT with NR
· Resource reservation in NB-IoT
· Overlap of NR SSB with NB-IoT
In this contribution, aspects of NB-IoT coexistence with NR are further discussed.
[bookmark: _Ref481671177]
Discussions 
Two types of solutions were specified for LTE coexistence with NR [2,3]
· RB-Symbol rate-matching: solution type reserves persistent resources for initial access and normal data transmissions to legacy LTE UEs – i.e. CSI-RS, PSS, SSS, PBCH, PDCCH, PCFICH, PHICH.
· RE level rate matching: solution type indicates LTE CRS ports, v_shift, BW, and MBSFN configuration via RRC signalling for NR-PDSCH rate-matching around LTE CRS.
To avoid impact on NB-IoT operations and minimize impact on specification, it seems reasonable to have similar approach in NB-IoT coexistence with NR and not use subframes containing NB-IoT NPSS, NSSS, NPBCH and SIB1-NB  for NR as shown in Figure 1. Further, REs mapped to NRS should not be used for NR. Further, SIB1-NB is scheduled in subframe 4 of every other frame in 16 continuous frames.
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Figure 1: NB-IoT DL Physical Channels
[bookmark: _GoBack]Hence, we make the following proposal
Proposal 1: RB-Symbol rate-matching is used for resource reservation of subframes for NPSS, NSSS, NPBCH, NPDCCH, NPDSCH for NB-IoT coexistence with NR.
Proposal 2: RE-level rate-matching is used for to indicate NRS ports, v_shift, BW, and MBSFN  for NR-PDSCH rate matching around NRS for NB-IoT coexistence with NR. 
The eNB can avoid case where NB-IoT overlaps with NR SSB in time and frequency by aligning NB-IoT and NR configuration. Such alignment has no significant impact on NB-IoT. Another option is to have NB-IoT transmission within the NR SSB bandwidth, but restrict SSB transmission to avoid collision with NPBCCH. This option may have impact on NR operations and is not preferred.
Proposal 3: eNB can avoid case where NB-IoT overlaps with NR SSB in time and frequency by aligning NB-IoT and NR configuration.
For the other subframes than these including essential physical channels of NB-IoT, we consider the following cases:
· In case of UE in deep or extreme coverage, the NB-IoT eNB scheduled transmissions can last up to several hundred ms due to repetitions. Reuse of resources for NR is less flexible. 
· In case of mixed legacy and new NB-IoT devices, other subframes need to be configured for NB-IoT and cannot be used for NR to ensure backward compatibility. Further, legacy UE has no way to know that other subframes are used by NR and may use these other subframes to make measurements. This will biased measurements and may have impact on UE behaviour for cell re-selection.
Based on cases considered above, we make the following proposals:
Proposal 4: Semi-static resource reservation of all subframes for legacy NB-IoT via RB-Symbol rate-matching is supported.
Observation 1: Reuse of resources for NR is less flexible for transmission by deep/extreme coverage NB-IoT devices of up to several hundred ms due to repetitions.
Observation 2: Legacy UE has no way to know that other subframes are used by NR and may use these other subframes to make erroneous measurements with impact on UE behaviour for cell re-selection.
In the next section, solution for NB-IoT coexistence with NR based on semi-static sharing of resources between NB-IoT and NR is further discussed.

NB-IoT coexistence with NR with semi-static sharing of resources
In LTE coexistence with NR, RB-symbol level rate matching is specified to rate match around persistent LTE transmissions CSI-RS, PSS, SSS, PBCH, PDCCH, PCFICH, PHICH. It is possible in LTE to configure always-reservation rate matching pattern. According to TS 38.331
periodicityAndPattern: A time domain repetition pattern at which the symbolsInResourceBlock pattern recurs. This slot pattern repeats itself continuously. Absence of this field indicates the value n1, i.e., the symbolsInResourceBlock recurs every 14 symbols.
Configuring resourceBlocks and symbolsInResourceBlocks without periodicityAndPattern in RateMatchPattern IE effectively reserves always-on resources for LTE coexistence with NR.  Similar configuration can be indicated via RRC to reserve always-on resources for NB-IoT coexistence with NR with resourceBlocks and symbolsInResourceBlocks, and not configuring periodicityAndPattern. We make the following proposals
Proposal 5: For backward compatibility with legacy NB-IoT devices, rateMatchPatterns at RB symbol level granularity with resourceBlocks indicating 1 or several RBs and symbolsInResourceBlocks indicating all subframes #0, #1, .., #9 in radio frame reserved for NB-IoT, and not configuring periodicityAndPattern is supported to rate match around
· Persistent NB-IoT NPSS, NSSS, NPBCH, SIB1-NB
· Non-persistent NB-IoT NPDCCH, NPDSCH on NR carrier


Conclusion
In this contribution, we discussed design aspects for NB-IoT coexistence with NR and made the following observations and proposals.
Proposal 1: RB-Symbol rate-matching is used for resource reservation of subframes for NPSS, NSSS, NPBCH, NPDCCH for NB-IoT coexistence with NR.
Proposal 2: RE-level rate-matching is used for to indicate NRS ports, v_shift, BW, and MBSFN  for NR-PDSCH rate matching around NRS for NB-IoT coexistence with NR.
Proposal 3: eNB can avoid case where NB-IoT overlaps with NR SSB in time and frequency by aligning NB-IoT and NR configuration.
Proposal 4: Semi-static resource reservation of all subframes for legacy NB-IoT via RB-Symbol rate-matching is supported.
Observation 1: Reuse of resources for NR is less flexible for transmission by deep/extreme coverage NB-IoT devices of up to several hundred ms due to repetitions.
Observation 2: Legacy UE has no way to know that other subframes are used by NR and may use these other subframes to make erroneous measurements with impact on UE behaviour for cell re-selection.
Proposal 5: For backward compatibility with legacy NB-IoT devices, rateMatchPatterns at RB symbol level granularity with resourceBlocks indicating 1 or several RBs and symbolsInResourceBlocks indicating all subframes #0, #1, .., #9 in radio frame reserved for NB-IoT, and not configuring periodicityAndPattern is supported to rate match around
· Persistent NB-IoT NPSS, NSSS, NPBCH, SIB1-NB
· Non-persistent NB-IoT NPDCCH, NPDSCH on NR carrier
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