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1 Introduction

In RAN1#86bis meeting and RAN1#87 meeting, WFs of [1] and [2] proposing fractional PRB to solve the potential problems in use cases below:
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Where “Co-existence with LTE” is one of the use case because LTE and NR have different handling of DC subcarrier which causes half of PRBs from LTE and NR are misaligned. 
In this contribution, we analysed using fractional PRB in LTE-NR coexistence case is not efficient and proposed more simple and efficient way should be further studied for this case.
2 PRB misalignment in LTE-NR coexistence case
It is already identified in [1] and [2] that for LTE-NR co-existence case the different handling of DC in LTE and NR causes 1 subcarrier misalignment, as shown in Fig. 1 (a), that’s for the LTE-NR intra-frequency deployment case; while for LTE-NR inter-frequency deployment or LTE-NR partial overlap cases, as Fig. 1 (b), the misalignment is more than 1 subcarrier.
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Fig 1. LTE-NR PRB not aligned

If 3GPP define fractional PRB to solve this misalignment problem, several fractional PRB formats from 1 SC to 11 SC are needed, to support all possible cases, it is too complex.
Observation 1: If fractional PRB is used to solve the PRB misalignment problem, several fractional PRB formats from 1 SC to 11 SC are needed.
Furthermore, in the NR misaligned PRB region, whether a PRB should be a fractional PRB or a normal PRB also depends on whether the adjacent PRB in LTE is occupied or not. Fig. 2 is an example, where LTE used PRB has 2 blocks overlapped to NR assigned resource, and the middle 1 not overlapped with NR assigned resource, so NR should indicate some of it assigned resource are fractional PRB while some not. Considering the scheduling in LTE side is usually distribute and randomly, this cause the indication in NR side very complex and high cost.
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Fig 2. NR Fractional PRB location indication
Observation 2: The distributed and randomly scheduling in LTE causes the fractional PRB locations indication in NR side very complex and high cost.
Considering the two observations above, it seems the fractional PRB is not efficient to use in LTE-NR co-existence case, we should further study more simple and efficient handling for this scenario.
Proposal 1: Fractional PRB is not preferred to solve PRB misalignment problem in LTE-NR coexistence case, more simple and efficient mechanism is propose for further study in RAN1.
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Fig 3(a). subcarrier misaligned
                                     Fig 3(b). subcarrier misaligned
Fig 3. LTE-NR subcarrier mapping illustration
The uplink situation is simpler, because there is also no explicit DC carrier in LTE uplink. But there may be also some problems if the LTE and NR uplink subcarriers/RBs are expected to be aligned for 15 kHz subcarrier spacing. First is the subcarrier alignment problem. The centre of the subcarrier is 7.5 kHz shifted away from the bandwidth centre frequency, i.e. the bandwidth centre frequency is located between the centre frequency of two subcarriers for LTE. The alignment is up to the NR design. For FDM resource sharing between LTE and NR, the subcarrier alignment is preferred to avoid severe inter-subcarrier interference. And secondly for the PRB alignment, the boundary of the LTE and NR should be aligned for efficient resource utilization. And the resource allocated to LTE and NR can be multiple PRBs. 
Proposal 2: Subcarrier alignment and PRB alignment on the shared UL carrier frequency between LTE and NR should be supported. 
3 Conclusion

Based on the discussion and analysis in this paper, we achieved the following observations and proposal:
Observation 1: If fractional PRB is used to solve the PRB misalignment problem, several fractional PRB formats from 1 SC to 11 SC are needed.
Observation 2: The distributed and randomly scheduling in LTE causes the fractional PRB locations indication in NR side very complex and high cost.
Proposal 1: Fractional PRB is not preferred to solve PRB misalignment problem in LTE-NR coexistence case, more simple and efficient mechanism is propose for further study in RAN1.
Proposal 2: Subcarrier alignment and PRB alignment on the shared UL carrier frequency between LTE and NR should be supported. 

References
[1] R1-1610791, WF on Fractional RB usage, Samsung
[2] R1-1613447, Way Forward -  Fractional PRB
ZTE, ZTE Microelectronics, Samsung, Panasonic, Deutsche Telekom, DOCOMO, ETRI
