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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#94, 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.
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.
NB-IoT coexistence with NR requires sharing of resources between NB-IoT and NR. This can be done semi-statically via RRC configuration or dynamically with coupling between NB-IoT eNB and NR gNB schedulers. NB-IoT requires one or two RBs, whereas NR carrier will likely have one or two order of magnitude larger RB allocation. Resource re-use with dynamical sharing of NB-IoT and NR may not be significant with typically high resource on NB-IoT anchor and non-anchor carriers due to high level of repetitions for NB-IoT devices in deep or extreme coverage. 
The NB-IoT eNB scheduler knows the coverage condition of device following Msg1 preamble transmission in random access procedure. In case of long transmission requires due to UE in deep or extreme coverage, the NB-IoT eNB scheduled transmissions will need to be prioritized over NR transmissions for up to several hundred ms. This makes reuse of resources for NR less flexible.  
Observation 1: Semi-static sharing of resources for NB-IoT coexistence with NR indicated via RRC configuration does not require tight coupling between NB-IoT eNB and NR gNB schedulers. 
Observation 2: Resource re-use with dynamical sharing of NB-IoT and NR may not be significant due to (i) only 1 or 2 RBs used for NB-IoT; (ii) heavy load of NB-IoT traffic; (iii) lack of flexibility due to NB-IoT scheduled transmissions for UEs in deep / extreme coverage of up to several hundred ms. 

On anchor carrier, NRS are always transmitted and RE-level rate matching could be done using new rate matching patterns similar as those used for LTE taking into account NRS placement in time and frequency. On non-anchor NB-IoT carrier, NRS is only always present in 10 subframes before Common Search Type CSS type 1 (for paging). It is currently not always present in 10 subframes on CSS type 2 (for Random Access Response depending on whether RACH preamble was received in NB-IoT eNB), and not present otherwise unless NPDSCH is scheduled. This makes solution of RE-level rate matching around NRS using rate matching patterns unsuitable for non-anchor carrier. It is preferable to specify coexistence solutions that can be applied to NB-IoT anchor carrier and non-anchor carriers. 
Observation 3: RE-level rate matching around NRS using rate matching patterns indicated via RRC configuration is not suitable for non-anchor carrier.
Based on discussions and observations made above, we make the following proposals
Proposal 1: Specify coexistence solutions that can be applied to NB-IoT anchor carrier and non-anchor carriers.
Proposal 2: Solution for NB-IoT coexistence with NR based on semi-static sharing of resources between NB-IoT and NR indicated via RRC configuration is baseline.

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
Figure 1 illustrates an example of NB-IoT coexistence with NR with semi-static sharing of resources. In the example, NB-IoT standalone / guard band numerology is assumed with all 14 symbols used for NB-IoT anchor and non-anchor carriers. The impact on NR specifications for NB-IoT coexistence with NR with semi-static sharing of resources is low. There is no need to specify RE level rate matching around NRS as mentioned in previous section.    
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Figure 1 Example of NB-IoT coexistence with NR with semi-static sharing of resources.

In case of NB-IoT inband deployment on LTE with coexistence with NR, the dynamical sharing of resources of NB-IoT and NR will have relatively lower shared resources than for NB-IoT standalone / guard band due to only 11 symbols out of 14 available (first 3 symbols in subframe reserved for LTE control physical channels PCFICH, PDCCH, PHICH). The motivation for NB-IoT inband deployment on LTE with coexistence with NR is unclear. 
Observation 4: NB-IoT standalone / guard band deployment is more efficient than NB-IoT inband deployment for coexistence with NR as it can use all 14 symbols in subframe.
Proposal 3: NB-IoT standalone / guard band deployment for coexistence with NR is baseline. 

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=1 RB and symbolsInResourceBlocks = 14, and not configuring periodicityAndPattern. 
Proposal 4: rateMatchPatterns at RB symbol level granularity to rate match around persistent NB-IoT NPSS, NSSS, NPBCH, NPRACH and non-persistent NB-IoT NPDCCH, NPDSCH, NPUCCH, NPUSCH on NR carrier with resourceBlocks=1 RB and symbolsInResourceBlocks = 14, and not configuring periodicityAndPattern.

Conclusion
In this contribution, we discussed design aspects for NB-IoT coexistence with NR and made the following observations and proposals.
Observation 1: Semi-static sharing of resources for NB-IoT coexistence with NR indicated via RRC configuration does not require tight coupling between NB-IoT eNB and NR gNB schedulers. 
Observation 2: Resource re-use with dynamical sharing of NB-IoT and NR may not be significant due to (i) only 1 or 2 RBs used for NB-IoT; (ii) heavy load of NB-IoT traffic; (iii) lack of flexibility due to NB-IoT scheduled transmissions for UEs in deep / extreme coverage of up to several hundred ms. 
Observation 3: RE-level rate matching around NRS using rate matching patterns indicated via RRC configuration is not suitable for non-anchor carrier.
Proposal 1: Specify coexistence solutions that can be applied to NB-IoT anchor carrier and non-anchor carriers.
Proposal 2: Solution for NB-IoT coexistence with NR based on semi-static sharing of resources between NB-IoT and NR indicated via RRC configuration is baseline.
Observation 4: NB-IoT standalone / guard band deployment is more efficient than NB-IoT inband deployment for coexistence with NR as it can use all 14 symbols in subframe.
Proposal 3: NB-IoT standalone / guard band deployment for coexistence with NR is baseline. 
Proposal 4: New rateMatchPatternsNB-IoT at RB symbol level granularity to rate match around persistent NB-IoT NPSS, NSSS, NPBCH, NPRACH and non-persistent NB-IoT NPDCCH, NPDSCH, NPUCCH, NPUSCH on NR carrier with resourceBlocks=1 RB and symbolsInResourceBlocks = 14.
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