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1 Introduction

At the RAN1 #86bis meeting, the Way Forward in [1] was extensively discussed without a conclusion. In particular, it could not even be agreed that RAN1 should study the feature proposed in [1]. The topic was also discussed at RAN1 #87, albeit again without conclusion. In this contribution we reiterate our view that fractional PRBs as proposed in [1] are not required to operate NR. 
	· Fractional PRB, i.e. number of subcarriers less than one PRB, can be utilized in NR at least following cases:

· Guard-band between different numerologies
· Edge of the system bandwidth

· FFS Puncturing or rate matching

· Co-existence with LTE including NB-IoT

· Comparison between the options should consider aspects, such as, 

· Impact on scheduling

· Signaling overhead

· Impact on other channels / signals

· Impact on LTE co-existence

· Other aspects are not precluded



2 On the need for fractional PRBs in NR
First we address the claimed use cases of fractional PRBs as proposed in [1]. These include:
· Edge of the system bandwidth
· Co-existence with LTE including NB-IoT
· Guard-band between different numerologies
With respect to handling the edge of the system bandwidth, as discussed in our contribution in [2], we don’t see a need to introduce fractional PRBs for this case. For the case of standalone systems with a given subcarrier spacing that do not multiplex numerologies from the network perspective, e.g., similar to LTE Rel. 8 where NR would only deploy 15kHz subcarrier spacing for sub-6GHz or only 60kHz subcarrier spacing for sub-40GHz it’s not clear why there would be transmission bandwidths defined in NR that do not span an integer number of PRBs for that subcarrier spacing. So the more interesting case is where the network multiplexes different numerologies and an integer number of PRBs for one subcarrier spacing may not equate to an integer number of PRBs for a different subcarrier spacing that coexists within the system bandwidth. This case is depicted in Figure 1 and referred to in [1] as a use case for fractional PRBs. 
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Figure 1: Hypothetical use case of fractional PRBs at the edge of the system bandwidth

As can be seen in Figure 1, there are two ways to achieve fractional PRBs: define new PRB definitions with less than 12 subcarriers or puncture PRBs such that less than 12 subcarriers are modulated with data and/or signals. Both solutions require significant specification support to handle the RS that is either being punctured or has to be mapped to a PRB in a different way. A much simpler solution that can be achieved by network implementation as illustrated in Figure 2 and tessellates the entire system bandwidth with PRBs of different numerologies such that no resources remain unused. In our view, a much simpler solution that can be realized by implementation is preferable over a solution that has no clear benefits but requires significant specification support to be realized. 
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Figure 2: Implementation example to handle the edge of the system bandwidth
Regarding the second use case, namely, co-existence with LTE including NB-IoT, at this stage of the study item, it is not clear what exactly the requirements are. For example, it has been argued that fractional PRBs are required due to the different dc subcarrier handling in LTE and NR [3]. It is noted that RAN1 has not yet agreed that NR will support multiplexing of LTE and NR on a PRB level, e.g., in MBSFN subframes or TDD UL subframes [4]. It may very well turn out that LTE and NR are either TDMed (using CA techniques such as small cell on/off or on a subframe level basis in LTE TDD UL and MBSFN subframes) or, alternatively, they may only be FDMed on a carrier basis as illustrated in Figure 3. Even if RAN1 agreed to FDM LTE and NR on a PRB level, e.g., in TDD UL or MBSFN subframes, only half the PRBs would be impacted by the dc subcarrier mismatch and coexistence would still be possible by scheduler implementation on the network side. For the case of NR coexistence with NB-IoT, since NB-IoT only uses a few PRBs within the LTE donor cell system bandwidth, coexistence can always be achieved by deploying NB-IoT such that the NB-IoT PRB overlaps with the NR PRB. At any rate, it is not clear at this point why coexistence of NR with LTE and NB-IoT requires fractional PRBs.
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Figure 3: Examples of LTE/NR coexistence mechanisms that do not require fractional NR PRBs
Lastly, for the case of coexisting NR numerologies within the same transmission bandwidth, this is actually not a new case and already exists in LTE, e.g., for the NB-IoT UL. There, no guards have been specified and handling of cross-numerology interference is left to eNB scheduler implementation. The same applies to the case of NR where the gNB scheduler could leave PRBs unscheduled or chose to schedule transmissions with more robust MCS. For the case where the gNB does not want to leave entire PRBs unscheduled, e.g., for the case of very large subcarrier spacings, an approach similar to the one depicted in Figure 2 can be used where PRBs of smaller subcarrier spacings can fill any unwanted guards. 
From the above it is clear that all the potential use cases can be addressed with the current PRB definition such that novel PRB definitions with less than 12 subcarriers are not necessitated. In particular, since the preferred solutions above are all based on gNB implementation, no new signaling schemes are required which decreases signaling overhead in the DCI. DCI overhead is already a concern in RAN1 due to the dynamicity and flexibility of the NR air interface. Reusing the existing PRB definition also allows for easy handing of the RS which otherwise would have to be specified for new PRB definitions or punctured PRBs. Hence, we propose that NR shall not support fractional PRBs.

Proposal 1: NR does not support fractional PRBs
3 Conclusion

In this contribution, we reviewed hypothetical use cases of fractional PRBs and the implementation based solutions that can address these use cases. We conclude that all use cases can be addressed via gNB implementation and that specification support for fractional PRBs in NR is not warranted. We thus propose that NR does not support fractional PRBs. 
Proposal 1: NR does not support fractional PRBs
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