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1. Introduction
In the previous meetings, following agreements were made regarding resource allocation [1]:
	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.
Agreements:
· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported
· At least intra-slot frequency hopping is supported for 14 symbol slot case
· FFS on detailed resource allocation
· FFS on detailed frequency hopping for PUSCH


In this contribution, we provide our views on frequency-domain resource allocation including dynamic change on RBG size, and candidates of frequency-domain resource allocation mechanisms. 

2. Consideration of resource block size
In LTE system, RBG size is determined based on the system bandwidth. In a similar manner, it can be considered that RBG size can be determined depending on the size of the configured bandwidth part for PDSCH or PUSCH transmission. Meanwhile, to support wideband operations, a UE can be configured with multiple bandwidth parts with different configuration, and the bandwidth part to be used for PDSCH or PUSCH transmission could be dynamically changed. In case, resource allocation field size or contents could be different depending on the scheduled bandwidth part for PDSCH or PUSCH transmission. To avoid ambiguity on how to interpret resource allocation field depending on bandwidth part to be used for PDSCH or PUSCH transmission, it can be considered that scheduling DCI indicates RBG size explicitly. Alternatively, RBG size could be implicitly known to UE based on the configured bandwidth part. 
Next, it can be considered that multiple UEs with different bandwidth part configuration share the same time-and-frequency resources. For instance, for a given resources, both wideband UE and narrowband UE could be scheduled. In other words, multiple PDSCH or PUSCH with different RBG size could be multiplexed in frequency domain. In case, to support efficient multiplexing between different PDSCH or PUSCH, RBG boundaries may need to be aligned among different UEs in time (including nested structure of RBG grid with different RBG size). In this point of view, it would be beneficial to adjust RBG size dynamically. Moreover, dynamic change on RBG size could be useful to change scheduling unit in frequency domain for scheduling flexibility. For instance, considering LTE DL type 0, dynamic change on RBG size can be used for scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs. 
Proposal 1: It can be considered that RBG size can be dynamically changed, and indicated by DCI scheduling PDSCH or PUSCH transmission. 

3. Frequency-domain resource allocation for CP-OFDM
It is necessary to consider both scheduling flexibility and DCI overhead for efficient resource allocation mechanism design. If RBG size could be dynamically changed, interpretation method or size of resource allocation field could be also changed. For instance, if bitmap is used to indicate assigned RBG within a bandwidth part, its field size could be changed depending on the indicated RBG size. To keep the bit field size, RBGs which can be indicated within a bandwidth part could be limited in a time depending on the RBG size. Followings are possible candidates for frequency-domain resource allocation for a given bandwidth part: 
· Option 1: Resource allocation consists of RBG size and RBG bitmap within a bandwidth are indicated by DCI. RBG bitmap can indicate all RBGs within a given bandwidth part, its bit field size can be varying depending on the indicated RBG size. Alternatively, to keep the bit field size constant, RBG index set to be indicated by DCI could be restricted as shown in Figure 1-(b). 
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Figure 1: Example of frequency domain resource allocation (Option 1).
· Option 2: RBG size, RBG index set, and RBG bitmap are indicated by DCI. Candidates for RBG index set can be configured by pre-defined rule or high layer signaling, and DCI indicates one of them. RBG bitmap can indicate all RBGs within a given RBG index set. Bit field size of RBG index set indicator and RBG bitmap could be changed depending on the indicated RBG size to keep the overall payload size constant. 
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Figure 2: Example of frequency domain resource allocation (Option 2).
· Option 3: RBG size, contiguous virtual resource allocation with a granularity of RBG, distributed mapping related parameters are indicated by DCI. Distributed mapping related parameters can include localized/distributed flag, and distribution pattern. Depending on the distribution pattern, contiguously assigned virtual RBGs could be distributed over a bandwidth part. 
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Figure 2: Example of frequency domain resource allocation (Option 3).
In case of Option 1, when RBG size is changed, total bit field size to indicate assigned RBG within a bandwidth part could be also changed. In this case, it can be considered that the bit field size for time-domain resource allocation can be changed depending on the RBG size to keep the overall bit field size of time-and-frequency resource allocation constant regardless of RBG size. In this case, scheduling flexibility on time-domain resources will be varying depending on the RBG size. In other words, it can be considered that dependency between time-domain resource allocation and frequency-domain resources. 
Meanwhile, it can be considered that large RBG size will be used to allocate full or almost full bandwidth while small RBG size will be used to allocate one or few RBs. In that point of view, it does not necessary that RBG bitmap with small RBG size covers all the RBGs within a bandwidth part. Instead, some portion of RBGs within a bandwidth part could be indicated by DCI when RBG size is small. For scheduling flexibility, it can be considered to introduce RBG index set as in Option 2. In this case, RBG index set indicator can be used to cover a wide range of RBG within a bandwidth part. Depending on the configuration of RBG set candidates, RBG can be assigned in localized or distributed manner. 
To support compact DCI format, it can be considered to reduce resource allocation bit field size further. For simplicity, LTE DL RA type 2 can be a starting point. In case, virtual RBs could be contiguously allocated. Considering multiplexing other PDSCH or PUSCH transmission, the granularity of the compact resource allocation could be set to RBG instead of one or few RBs. To achieve frequency diversity, the concept of DVRB (distributed VRB) could be introduced. In a similar manner, distribution of VRB can be done in a unit of RBG. In this case, multiplexing multiple PDSCH or PUSCH with different resource allocation types could be efficiently performed. 
Proposal 2: For CP-OFDM, it is necessary to investigate how to design frequency-domain resource allocation considering DCI overhead, scheduling flexibility, and multiplexing between multiple PDSCH or PUSCH transmissions. 

4. Frequency-domain resource allocation for DFT-s-OFDM
Basically, DFT-s-OFDM will support at least contiguous resource allocation in frequency-domain. In case, LTE DL RA type 2 or LTE UL RA type 0 could be starting point. Meanwhile, considering multiplexing between multiple PUSCH transmissions with potentially different waveform, it would be beneficial that contiguous resource allocation is performed in a unit of RBG instead of a single PRB. In general, bit field size for contiguous resource allocation will be much smaller compared to resource allocation using bitmap of assigned resources. In other words, resource allocation bit field size for CP-OFDM will be larger than resource allocation for DFT-s-OFDM. Considering BD attempts for PDCCH monitoring, it can be considered that DCI size or resource allocation bit field size for DFT-s-OFDM is aligned with compact DCI format (which can be used for fallback operation) for CP-OFDM. 
Meanwhile, it is still on-going discussion regarding whether UL waveform will be changed dynamically or semi-statically. If the UL waveform will not be changed dynamically, it would be beneficial in terms of frequency diversity and scheduling flexibility to support clustered resource allocation as in LTE UL RA type 1 as well. 
Proposal 3: For DFT-s-OFDM, it is necessary to investigate how to design frequency-domain resource allocation considering multiplexing between multiple PUSCHs with different waveform, and BD attempts handling for PDCCH monitoring. 

5. [bookmark: _GoBack]Conclusion
In this contribution, we discuss frequency-domain resource allocation. Our proposals are as follows:
Proposal 1: It can be considered that RBG size can be dynamically changed, and indicated by DCI scheduling PDSCH or PUSCH transmission. 
Proposal 2: For CP-OFDM, it is necessary to investigate how to design frequency-domain resource allocation considering DCI overhead, scheduling flexibility, and multiplexing between multiple PDSCH or PUSCH transmissions. 
Proposal 3: For DFT-s-OFDM, it is necessary to investigate how to design frequency-domain resource allocation considering multiplexing between multiple PUSCHs with different waveform, and BD attempts handling for PDCCH monitoring. 

6. Reference
RAN1 chairman’s notes, RAN1#89.
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