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1. Introduction

It is expected that the method of resource allocation for data channel may needs to be reconsidered for NR, considering the introduction of wider carrier bandwidth as well as multiple numerologies [1]:
Agreements:
· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion.

· Potential specification impact includes but is not limited to:

· FFS:CSI-RS measurement

· FFS: the time and frequency granularity of dynamic resource allocation

· FFS: If spectrum confinement (filtering, windowing, …) can be dynamically varied or not 

Also, a 2-step approach for resource allocation is agreed for UE with less bandwidth capability.
Agreements:

· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth
It is further agreed that LTE DL resource allocation type 1 is considered as starting point of NR resource allocation[2]:

Agreements:
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, starting point is at least LTE DL RA type 0.

· Working assumption: In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.

· In frequency-domain, NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner.

· E.g., scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs.

In the following, we provide our view on the details of two step resource allocation for data channel in NR.
2. Discussion 

Even if the carrier bandwidth can be up to 400MHz, the maximum bandwidth supported by a UE may be much less than the carrier bandwidth, e.g. 20 MHz/40MHz. On the other hand, there may be a UE which is capable of receiving the carrier bandwidth while the resource allocation may become an issue due to introduction of large bandwidth. Considering the existence of two limitations, several directions to design the resource allocation are listed in the following for the two types of UEs:
1. The dynamic resource allocation can be supported within a whole carrier bandwidth with full flexibility 

For a UE with carrier bandwidth capability, when an active bandwidth part of the UE has a bandwidth same as the carrier bandwidth, it is attractive from scheduling flexibility perspective that a gNB can schedule any resource across the carrier bandwidth to such UE in a dynamic fashion. The flexibility of this direction would come with a larger overhead as it assumes a whole carrier bandwidth to schedule. Also, the effect of numerology on the overhead may also need to be taken into account. For example, to schedule a UE with 60 kHz subcarrier spacing on 80MHz bandwidth, the overhead would be on the similar order as that of LTE, given the total PRB number is around 100. On the other hand, to schedule a UE with 15 kHz subcarrier spacing on 80MHz bandwidth, the overhead would be increase several times comparing with that of LTE, as the PRB number is now 4 times of LTE. Way to compress the overhead of resource allocation field can be considered under this direction.
For a UE with limited bandwidth capability, as it has been agreed that a bandwidth part would has a bandwidth no larger than the bandwidth supported by the UE, support of this direction would be expensive though still possible. For example, a gNB can configure a large amount of bandwidth parts which closely overlap with each other, e.g. whose positions are only different from 1 PRB or RBG. The gNB then could decide which bandwidth part to activate according to the intended resource allocation. Note that if power saving is considered as well, the number of bandwidth part to be configured would be even larger.  With the increase of number of bandwidth part, the overhead of activating a bandwidth part would be increased. Considering currently it would be done by either MAC CE or NR-PDCCH, increasing the overhead would be harmful comparing with what is gained by doing so.
Observation 1: For a UE with carrier bandwidth capability, this direction is feasible. Trade-off can be considered between scheduling flexibly and control signaling overhead. For a UE with limited bandwidth capability, it would be difficult to go with this direction, and at least should not be a target for optimization.

2. The dynamic resource allocation can be supported within a whole carrier bandwidth with restricted flexibility 

With this direction, the carrier bandwidth could be partitioned into several bandwidth portions. The dynamic resource allocation would first indicate a resource portion within the carrier bandwidth and then indicate resource allocation within the resource portion. Full scheduling flexibility within the bandwidth portion can be achieved by this direction. For a UE with carrier bandwidth capability, even when an active bandwidth part of the UE has a bandwidth same as the carrier bandwidth, further partition of carrier bandwidth is beneficial considering reducing control signaling overhead comparing with that in direction 1. Also, for a UE with carrier bandwidth capability, such functionality can be implemented by configuring the bandwidth parts according to the bandwidth portions for resource allocation. One down-side of doing so would be change of resource allocation may result in bandwidth part change comparing with using an active bandwidth part with carrier bandwidth. For a UE with limited bandwidth capability, configuring multiple bandwidth part according to the bandwidth portions can also be done as UE with carrier bandwidth capability. With this direction, scheduling across different bandwidth portions is not possible so that the flexibility of scheduling is less than the first direction. Also, since the resource allocation is restricted to a bandwidth less than the system bandwidth, the overhead of resource allocation field can be reduced comparing with the first direction. Overlapping of bandwidth portions can be considered if extra scheduling flexibility is required.

Observation 2: It can be discussed whether a separate resource unit smaller than bandwidth part, e.g. further partition on bandwidth part, is defined for the purpose of control signaling overhead saving or the bandwidth part can also be used for this purpose.
3. The dynamic resource allocation can be supported within a restricted bandwidth less than the carrier bandwidth
With this direction, a UE is firstly configured a bandwidth portion whose bandwidth is less than the carrier bandwidth.  Full scheduling flexibility can be obtained within the bandwidth portion. For both UE with carrier bandwidth capability and UE with limited bandwidth capability, this can be done by configuring a bandwidth part identical to the bandwidth portion.  Alternatively, it can also be discussed that whether the bandwidth portion can have a smaller bandwidth than the active bandwidth part as discussed in direction 2. Comparing with direction 2, the overhead of this direction may be a bit less than direction 2, given that there is no need to indicate bandwidth portion or bandwidth part switching is not needed. The scheduling flexibility of this direction is worst, as the resource allocation for the UE would be limited to a certain bandwidth portion before reconfigured. It is not sure if efficient dynamic resource allocation of numerologies can be achieved with this direction, given the dynamically resource allocation for different numerologies can only be achieved with UE selection.
RAN1 should first discuss what the desired scheduling flexibility in NR is, e.g. whether dynamically resource allocation for all UEs across whole carrier bandwidth is necessary.  The next step is to discuss what affordable overhead of resource allocation is and any compression mechanism if needed.
Proposal: RAN1 discusses which of the three directions are adopted for NR resource allocation for different types of UEs taking into account the required scheduling flexibility and affordable overhead.
3. Conclusion

In this contribution, we discuss several directions for resource allocation and have the following observations and proposal:

Observation 1: For a UE with carrier bandwidth capability, this direction is feasible. Trade-off can be considered between scheduling flexibly and control signaling overhead. For a UE with limited bandwidth capability, it would be difficult to go with this direction, and at least should not be a target for optimization.

Observation 2: It can be discussed whether a separate resource unit smaller than bandwidth part, e.g. further partition on bandwidth part, is defined for the purpose of control signaling overhead saving or the bandwidth part can also be used for this purpose.
Proposal: RAN1 discusses which of the three directions are adopted for NR resource allocation for different types of UEs taking into account the required scheduling flexibility and affordable overhead.
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