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Introduction
NR shall support flexible frequency domain scheduling within a carrier bandwidth. In the context of operation over a very wide bandwidth component carrier it was agreed that a UE may be semi-statically configured for operation on one or more bandwidth part configurations on a component carrier. Each bandwidth part consists of a group of contiguous RBs and the associated bandwidth is smaller than the maximum bandwidth capability of the UE. Frequency domain resource allocation for data transmission can then be in two parts, where the first assigns a bandwidth part and the second the actual RBs within this bandwidth part. Note that this two-part scheme defaults to a single scheme when only one bandwidth region is applied on the carrier. 
This document discusses NR frequency domain resource allocation mechanisms. Some basic resource allocation details were agreed at RAN1 #89 [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.

Discussion
Frequency domain resource allocation
Regarding the details of RBG-based resource allocation (RA) we first note another agreement from RAN1 #89
Agreements:
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16
· FFS: necessity of other RBG sizes
· RBG size may or may not depend on the number of symbols for data
· For determining RBG size, the following options are considered
· Opt. 1: RBG size is determined by the NW channel BW
· FFS: Necessity of signaling
· Opt. 2: RBG size is determined by BW for the configured BW part
· FFS: Necessity of signaling
· FFS: Multiple configured BW parts
· Opt. 3: RBG size is configured by NW
· FFS: Set of configurable RBG sizes may depend on frequency range
· Opt. 4: RBG size is determined by DCI
· FFS: Signaling details

A UE may be configured to transmit/receive on a bandwidth part of smaller bandwidth compared to the carrier bandwidth. Note that for small to moderate bandwidth carriers, the carrier bandwidth defaults to a single bandwidth part. In general the RBG size can be proportional to the bandwidth of the configured bandwidth part (Option 2). 
For RBG-based resource allocation (RA) like LTE Type0 RA, the RA signaling overhead in DCI is the number of RBGs, NRBG, contained in the addressable bandwidth. It was agreed that RAN1 specification would support a maximum carrier bandwidth of 400MHz. A RAN4 LS [2] also indicated supported subcarrier spacing values of {15, 30, 60} KHz, {60, 120} KHz for frequency bands within 1 – 6 GHz, 24 – 52.6 GHz respectively. Assuming 90% (or 99%) bandwidth occupancy at 400MHz and 60 KHz subcarrier spacing, the maximum number of PRBs in a carrier is 500 (or 550) RBs respectively. This is a five-fold increase compared to LTE maximum carrier bandwidth of 110 RBs.
To determine the maximum RA signaling overhead we consider Option 1, which is similar to LTE. For LTE, the maximum RBG size for 110 RBs is P = 4, resulting in a DCI overhead for Type 0 RA of NRBG = CEIL (110 / 4) = 28 RBGs. A linear scaling of P to maintain the same maximum DCI overhead as in LTE, would give P = 20. Alternatively, using the maximum agreed value of P = 16 would result in a DCI overhead of NRBG = CEIL (550 / 16) = 35. This is a substantial increase of 7 bits compared to LTE.  
A different, but equally important, issue is that even for a UE that is configured to receive/transmit data on a wide bandwidth carrier, it should still be possible to schedule both small and large resource allocations in different slots as set forth in the RAN1 #89 agreement. This is not possible with the conventional RBG-based indication for which as shown above the minimum number of RBs for the largest carrier is 16. Thus, a different solution is required when a UE is configured to transmit/receive data across a carrier bandwidth. 
Option 3 proposes network configuration of the RBG size, which implies RRC signaling. This is problematic at least during RRC (re)configuration or during initial access because the RRC configuration itself is transmitted on a PDSCH which then needs to be scheduled using some default resource allocation type. 
Rather than resort to specifying a default resource allocation scheme including CBG size, Option 2 is preferred if the increase in DCI overhead is not an issue for a wide bandwidth carrier. Besides, a UE can be scheduled on smaller bandwidth parts. With this approach once a bandwidth part is activated the RBG size is known. 

Proposal 1: RBG size for scheduling a UE in a BW part is determined by the BW for the configured BW part.

One motivation to have powers of 2 as the RBG size is that it facilitates efficient multiplexing of UEs in differently sized bandwidth parts on the same carrier. However, REG bundle sizes of {2, 3, 6} are still being considered for the NR-PDCCH. As multiplexing of control and data on the same symbol is possible for NR, at least REG bundle size of 2 should be supported. 

Observation: The value of 2 can be a common factor for both data RBG size and control REG bundle size.

 A UE can be configured to use either DFT-S-OFDM or CP-OFDM for UL transmission. DFT-S-OFDM was retained from LTE to support coverage limited scenarios given the lower PAPR/CM property compared to CP-OFDM. In that sense a contiguous resource allocation is necessary to reap the low CM/PAPR benefits. Supporting a non-contiguous resource allocation scheme is not necessary as it loses the CM benefits and CP-OFDM may as well be configured. 

Proposal 2: confirm the working assumption that for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.
Conclusion
This contribution discussed frequency domain resource allocation when a UE is configured with one or more bandwidth parts. We have the following proposals and observation
· Proposal 1: The RBG size for scheduling a UE in a BW part is determined by the BW for the configured BW part.
· Observation: The value of 2 can be a common factor for both data RBG size and control REG bundle size.
· Proposal 2: Confirm the working assumption that for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.
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