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Introduction
NR will support L1/L2 control signalling including the downlink and uplink resource allocation schemes corresponding to a full or part of carrier bandwidth. During the SI phase [1], following agreements were reached:
RAN1 Agreements:
· Sub-frame duration is fixed to 1ms
· Reference numerology for defining subframe duration is 15 kHz
· The number of subcarriers per PRB is 12
· Adopt RB grid for FDM as it was agreed in TDM
· 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 
· NR supports both contiguous and non-contiguous resource allocation for data with CP-OFDM for both UL and DL
· FFS detailed for both contiguous and non-contiguous resource allocation schemes
· 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
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15
· Note:  final decision on the value  is up to RAN4
· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600 in Rel-15
· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing
· Note: final value for a given channel BW is up to RAN4 decision
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16
· Note that 32 is considered from RAN2 specification perspective
· The number of NR CCs in any aggregation is independently configured for downlink and uplink 
· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases


In this contribution, we provide some initial details of the DL/UL resource allocation schemes for NR that are applicable to both contiguous and non-contiguous resource allocations.

Requirements for the resource allocation schemes
NR will support scheduling functionalities for both data and control with at least the same numerology. The scheduling functionality (i.e. the scheduler) is the heart that controls the overall activities of the system. In a given slot(s), the scheduler has to determine and transmit the scheduling information to a selected group of UEs. Usually, the scheduler decisions are included in the downlink control information (DCI) which is transmitted to the UEs. One of the fields in DCI is the resource allocation scheme that contains one or more PRBs that identifies where data for a given UE to be received or transmitted in the frequency resource of the carrier bandwidth. Hence, the resource allocation schemes should be studied in detail for NR. We envisage the following requirements in order to design efficient resource allocation schemes:
Overhead of the resource allocation: For NR, the carrier system bandwidth will be much larger than the legacy LTE system bandwidth, hence the number of PRBs in a carrier could be up to 5 times larger than the LTE system. So, allocating resources with finer granularity of one PRB across the whole system bandwidth is not practical due to significant increase of overhead. As a result, the overhead of the resource allocation should be minimised as much as possible, for example, a coarse resource allocation schemes should be considered for large allocations by grouping a number of consecutive PRBs known as subband or resource block groups (RBG). The size of the resource block groups (RBG) should be studied carefully, more specifically their impact on the cell throughput performance and CQI measurements. In the early study for LTE [2], it was observed that there is a trade-off between the overhead reduction (i.e. RBG size) and the cell throughput performance where same RBG size is applied to both the CQI derivation and the resource allocation scheme. The legacy LTE uses a maximum RBG size of 4, however, NR may need to consider a slightly larger RBG size of 6 or more. In addition, NR should also support a finer granularity of one PRB for small allocations (e.g. up to 25RBs in a bit-map manner). This can be useful for those UEs not capable of supporting the carrier bandwidth as well as to fill left-over holes caused by some features (e.g. UE specific control resources).   
Frequency selective scheduling: In frequency selective scheduling, a UE will be allocated to some of its best physical resource blocks (PRBs or RBGs) for the data transmission based on channel state information (CSI) as reported by the UE. The benefit is to achieve frequency selective gain. Therefore, resource allocation should allow flexibility to select and schedule to a small number of RBGs as well as a large number of contiguous and non-contiguous RBGs in the frequency resources.
Frequency distributed scheduling: In frequency distributed scheduling, UE could be allocated some distributed physical resource blocks (PRBs or RBGs) for the data transmission when the channel state information (CSI) is not available or not applicable. The benefit is to achieve frequency diversity gain for reliable data reception. Hence, NR should also support distributed resource allocations in order to harvest the frequency diversity gain for reliable data reception without waiting CSI feedback from the UE in some cases.
Observation: NR resource allocation schemes should consider the following requirements
· The overhead of the resource allocation should be minimised as much as possible, for example, a coarse resource allocation should be considered for larger allocations by grouping a number of consecutive PRBs known as subband or resource block groups (RBG)
· NR resource allocation should also support a finer granularity of one PRB for small allocations (e.g. up to 25RBs in a bit-map manner) which can be useful for those UEs not capable of supporting the carrier bandwidth as well as to fill left-over holes caused by some features (e.g. UE specific control resources) 
· NR resource allocation should allow flexibility to select and schedule to a small number of RBGs as well as a large number of contiguous and non-contiguous RBGs in the frequency resources in order to harvest the frequency selective gain when CSI feedback is available
· NR resource allocation should also support distributed allocations in order to harvest the frequency diversity gain for data transmission when CSI is not available or not applicable.

Resource allocation schemes
The candidate maximum number of subcarriers in a carrier bandwidth has been agreed to be 3300 or 6600 which results 275 or 550 PRBs based on the agreement that there is 12 subcarriers per PRB.

Bit-map schemes with RBG granularity (e.g. LTE DL Type 0/1): NR should support flexible resource allocation schemes that can schedule to one or more RBGs which can be contiguous or non- contiguous in the frequency-domain resources in order to support frequency selective scheduling as well as frequency distributed allocations. This could be similar to legacy LTE Type 0 and Type 1 resource allocation schemes where Type 0 is intended for frequency selective scheduling and Type 1 for frequency distributed scheduling as shown on Figure 1a and b. However, for NR, the carrier bandwidth is expected to be very large and as a result the RBG size may need to be significantly increased compare to LTE RBG sizes. 
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Figure 1. Example: LTE Type 0 and Type 1 RA schemes in 20MHz bandwidth
Bit-map schemes with one PRB granularity: In some cases, there is a need to allocate one PRB granularity in dis-continuous manner, for example for those UEs not capable of supporting the carrier bandwidth. This is possible if the resource allocation scheme consists of two-steps of first indicating the bandwidth part and then bit-map indication of the PRBs within the bandwidth part, as shown on Figure 2 below. This is also useful to fill any left-over holes that are mostly dis-continuous in the same bandwidth part. 
[image: ]
   Figure 2. Example: Enhanced LTE Type 1 RA to fill holes in a bandwidth part (bit map in PRB level) 
Furthermore, when different numerologies exist in the same carrier bandwidth, each part of the carrier bandwidth that contains a specific numerology can be scheduled independently if the resource allocation scheme consists of two-steps of first indicating the bandwidth part and then bit-map indication of the PRBs within the bandwidth part.   
Compact resource allocation schemes (e.g. LTE DL Type 2 or UL Type 0): In the compact DCI formats, the overhead of the resource allocation must be significantly reduced, for example by employing compact resource allocation (RA) schemes. The benefit of compact RA schemes is not only to reduce the overhead, but also to apply to both smaller and larger contiguous PRB allocations as was employed for LTE such as DL Type 2 and UL Type 0 resource allocations. In addition, in order to reduce the overhead further, it is possible to utilise coarser granularity of the PRB allocation such as resource block groups (RBG) due to a large number of PRBs in the carrier bandwidth for NR.

Conclusion
In this contribution, we have provided some initial details of the DL/UL resource allocation schemes for NR that are applicable to both contiguous and non-contiguous resource allocations and we have the following observations and proposals:
Observation: NR resource allocation schemes should consider the following requirements
· The overhead of the resource allocation should be minimised as much as possible, for example, a coarse resource allocation should be considered for larger allocations by grouping a number of consecutive PRBs known as subband or resource block groups (RBG)
· NR resource allocation should also support a finer granularity of one PRB for small allocations (e.g. up to 25RBs in a bit-map manner) which can be useful for those UEs not capable of supporting the carrier bandwidth as well as to fill left-over holes caused by some features (e.g. UE specific control resources) 
· NR resource allocation should allow flexibility to select and schedule to a small number of RBGs as well as a large number of contiguous and non-contiguous RBGs in the frequency resources in order to harvest the frequency selective gain when CSI feedback is available
· NR resource allocation should also support distributed allocations in order to harvest the frequency diversity gain for data transmission when CSI is not available or not applicable
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