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1. Introduction
In previous meetings, the followings were agreed related to resource allocation. 
	Agreements:
· 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
Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM


In this contribution, we further discuss resource allocation, focusing on DL scheduling. 

2. Bandwidth part for USS
In NR resource allocation, different from LTE, at least three aspects should be considered. One is that there are UEs supporting smaller bandwidth than the system bandwidth of a NR carrier. Second is that there are UEs supporting multiple RFs where each RF is configured with UE-specific carrier within a NR carrier. Thirdly is that the bandwidth of a UE can change for bandwidth adaptation. Resource allocation should address different cases in a unified framework. In the unified framework, it can be assumed that a UE is configured with one or multiple of UE-specific carriers in a NR carrier depending on its RF capability. When a UE is configured with multiple UE-specific carriers in a NR carrier, in terms of bandwidth adaptation, two options can be considered.
(1) Bandwidth adaptation in each UE-specific carrier can be performed: as the main motivation of bandwidth adaptation is to save UE energy consumption depending on traffic situations, this approach may not be desirable compared to the second approach.  
(2) Bandwidth adaptation across multiple UE-specific carriers (e.g., deactivating one or more of UE-specific carriers) is performed first and then bandwidth adaptation within a UE-specific carrier is performed if a UE is configured with only one UE-specific carrier in a NR carrier: using this approach, the bandwidth adaptation, if multiple UE-specific carriers are configured, performed first across multiple carriers by activating or deactivating one or multiple UE-specific carriers. When a UE is configured with only one UE-specific carrier in a NR carrier, further bandwidth adaptation in the UE-specific carrier can be considered if the UE-specific carrier bandwidth is still considerable. 
Proposal 1: Bandwidth adaptation in a UE-specific carrier is assumed only when a UE is configured with only one UE-specific carrier in a NR carrier. 
For each case, bandwidth part for USS is clarified. 
2.1. Narrow band UEs
When a UE supports smaller bandwidth than the system bandwidth, the UE needs to be configured with at least the center frequency or center PRB for a frequency range where the UE monitors downlink. In addition to center location, the bandwidth can be also explicitly configured. If bandwidth is not configured, UE’s bandwidth is assumed to be used. To allow better multiplexing and flexibility, it should be allowed to indicate different center location from SS block for the frequency range A. A bandwidth part of a DL and UL for a narrowband UE is defined as a contiguous set of PRBs within the configured frequency range for downlink monitoring and uplink transmission respectively. 
Proposal 2: Center and bandwidth of a frequency range which is equal to bandwidth part can be configured to a narrowband UE.
2.2.  Bandwidth adaptation UEs
In terms of bandwidth adaptation, multiple approaches can be considered to handle bandwidth part and frequency range. 
· The first approach is to assume bandwidth part is always same regardless of frequency range change. This approach is beneficial if frequency ranges are nested each other (in other words, frequency range B may include frequency range A) where bandwidth part can be defined as the largest frequency range. 
· Second approach is to assume that bandwidth part is always same to the configured frequency range. With this approach, DCI size for resource allocation can be variable depending on the configured frequency range. Also, the size gap between downlink scheduling and uplink grant can vary depending on configuration of frequency range in downlink and uplink. If this approach is considered, a mechanism to handle potential ambiguity period during frequency range reconfiguration (regardless of dynamic or semi-static). 
In terms of ambiguity handling, a few approaches should be further considered as follows.
· Robust reconfiguration: to avoid any ambiguity between the network and the UE when frequency range is changed, reconfiguration is done in a robust manner. One approach is to use “timer” where the new configuration becomes effective when timer expires. The time would be set whenever the UE receives reconfiguration message including initial or retransmission. If the network has not received ACK during the timer period, it can attempt to retransmit the reconfiguration message. Alternatively, reconfiguration message may also include effective time when the new configuration becomes effective. Based on the ACK from the UE, the network can ensure the reception of reconfiguration message. 
· Same DCI size regardless of reconfiguration: to avoid different assumption on DCI size between the UE and the network, regardless of frequency range, the same DCI size can be used. One approach is to use different RBG size depending on the frequency range such that the size of resource allocation can be the same regardless of frequency range bandwidth. 
· Rely on UE BD: another approach is to rely on UE BD where a UE may attempt old and new configurations upon reconfiguration. 
Assuming some handling in reconfiguration is done, it is generally desirable to align bandwidth part and frequency range at a given time. 
Proposal 3: Bandwidth part and frequency range is assumed to be the same for UE-specific data scheduled by USS. Ambiguity handling during reconfiguration is supported. 
2.3. Multiple RFs UEs
When a UE supports multiple RFs in a NR carrier, a UE can be configured with multiple UE-specific carriers. In one UE-specific carrier, a UE can be configured with bandwidth part which is assumed to be the same as UE-specific carrier bandwidth for non-primary UE-specific carrier. Primary UE-specific carrier is defined as the first carrier configured when the UE connects to the NR carrier. In the primary UE-specific carrier, multiple frequency ranges may be supported for further bandwidth adaptation. In such case, bandwidth part can be smaller than UE-specific carrier bandwidth. Alternatively, it can be viewed as UE-specific carrier bandwidth can be configured differently to support bandwidth adaptation. To change the bandwidth of primary UE-specific carrier, the UE first needs to deactivate other UE-specific carriers. Within a UE-specific carrier, similar handling as in Sec. 2.2 can be assumed. 
Proposal 4: When a UE is equipped with multiple RFs for a NR carrier, multiple bandwidth parts can be activated simultaneously where one bandwidth part is assumed per UE-specific carrier.
Based on the discussions in the above, we propose the followings. 
Proposal 5:
· In one NR carrier, multiple bandwidth parts may be configured
· In one NR carrier, per each UE-specific carrier, only one bandwidth part is used at a given time
· Bandwidth part is same as frequency range configured to a UE at a given time at least for UE-specific data scheduled by USS

3. Bandwidth part for CSS
When bandwidth part for CSS is considered, some consideration on narrowband UEs and bandwidth adaptation UEs seems necessary. To allow sharing between narrowband and wideband UEs, or between different bandwidth UEs due to bandwidth adaptations, one approach is to configure bandwidth of cell-common data such as RAR, Msg 4, or SI according to the minimum UE bandwidth. If this approach is used, for bandwidth adaptation, the smallest bandwidth still needs to be larger than the minimum UE bandwidth. The minimum UE bandwidth can be defined as the possible minimum bandwidth supported by UEs which share the same initial access procedure. The drawback of this approach is potential capacity limit on cell-common data transmissions. Another approach is to configure different bandwidth depending on UE-specific bandwidth. However, this may increase the overhead of common data transmission as different common data transmissions are necessary per different UE bandwidth. To mitigate drawbacks of each approach, one mechanism is to configure bandwidth for cell-common data which may or may not be the same as UE-specific bandwidth for each bandwidth part/frequency range. There may be no cell-common data configuration (e.g., non-primary UE-specific carrier). In other words, for each frequency range, a bandwidth part for cell-common data can be configured. Regardless of option for cell-common data bandwidth, it is generally not desirable to assume that the same bandwidth part is used for unicast and broadcast data. 
Proposal 6: Bandwidth part for cell-common data can be implicitly or explicitly configured separately from frequency range.
However, it is noted that a frequency range for a UE can be determined implicitly depending on cell-common control/data configurations. For example, a frequency range for a UE can be same as SS block bandwidth at PSS/SSS/PBCH reading, and can be same as SI data bandwidth when reading SI.
4. Discussion on resource allocation types
As agreed, both contiguous and non-contiguous resource allocations are supported. In terms of resource allocation, we also need to consider localized and distributed resource mapping. In NR, at least data demodulation based on UE-specific DM-RS is supported where PRB bundling in frequency domain is also considered for better channel estimation. It is understood that PRB bundling size can be configured to a UE. To utilize PRB bundling effectively, it is also considerable to tie the PRB bundling size to resource allocation. One consideration is to use the configured PRB bundling size as RBG size in resource allocation. 
Proposal 7: RBG size for resource allocation can be multiple times (including one) of the configured PRB bundling size.
When distributed mapping is used, some considerations on UE-specific bandwidth seem necessary. In terms of distribution, overall the following approaches can be considered.
(1) Distribution only within the configured bandwidth part: if this approach is used, different mapping between cell-common data and UE-specific data is possible when different bandwidth part is configured. Also, this approach may complicate multiplexing between UEs with different bandwidth. 
(2) Distribution within a subband: another approach is to apply distributed mapping only within a subband where a NR carrier can consist of multiple subbands. If UE-specific bandwidth is larger than a subband size, a UE can be configured with multiple subbands where distributed mapping is applied in each subband. As this approach distributes PRBs within a subband, frequency diversity for the wideband UEs may be restricted. However, as UEs see the same mapping within a subband, multiplexing can be a bit easier. If this approach is used, the minimum UE-specific bandwidth should be equal to the subband, and each UE-specific bandwidth or bandwidth part may be configured with one or multiple of subbands. Otherwise, when distributed mapping is applied, the bandwidth part may be different from frequency range even for UE-specific data which may not be desirable. 
(3) Distribution across the system bandwidth: for distributed mapping, it is also considerable to use the system bandwidth for distribution. Based on the distribution, a UE is still required to monitor the configured bandwidth part. If contiguous resource allocation is used with distributed mapping, physical resource outside of bandwidth part would be ignored. 
Proposal 8: Localized and distributed resource mapping are supported. For distributed mapping, bandwidth where interleaving is applied needs to be clarified. 
Furthermore, we consider that resource allocation should be able to indicate RB-level resource allocation in addition to RBG-level resource allocation. This can be efficient particularly when different numerologies are multiplexed. In this sense, we can consider resource allocation type 0, 1, and 2 from LTE as a starting point for NR resource allocation. 
Proposal 9: Resource allocation types from LTE can be a starting point. 

5. PRB indexing
[bookmark: _GoBack]Generally, it is assumed that PRB indexing occurs within the configured bandwidth part at least for localized resource mapping. For distributed mapping, depending on interleaving bandwidth, PRB indexing can be also different. Moreover, for wideband RS transmission such as CSI-RS and other wideband RS, the scrambling may follow PRB indexing based on system bandwidth. Further discussion can be found in our companion contribution [1]. 
Proposal 10: At least for localized resource mapping, PRB indexing occurs within the configured bandwidth part. 
6. Conclusion
In this contribution, we discussed resource allocation for NR and proposed the followings. 
Proposal 1: Bandwidth adaptation in a UE-specific carrier is assumed only when a UE is configured with only one UE-specific carrier in a NR carrier. 
Proposal 2: Center and bandwidth of a frequency range which is equal to bandwidth part can be configured to a narrowband UE.
Proposal 3: Bandwidth part and frequency range is assumed to be the same for UE-specific data scheduled by USS. Ambiguity handling during reconfiguration is supported. 
Proposal 4: When a UE is equipped with multiple RFs for a NR carrier, multiple bandwidth parts can be activated simultaneously where one bandwidth part is assumed per UE-specific carrier.
Proposal 5:
· In one NR carrier, multiple bandwidth parts may be configured
· In one NR carrier, per each UE-specific carrier, only one bandwidth part is used at a given time
· Bandwidth part is same as frequency range configured to a UE at a given time at least for UE-specific data scheduled by USS
Proposal 6: Bandwidth part for cell-common data can be implicitly or explicitly configured separately from frequency range.
Proposal 7: RBG size for resource allocation can be multiple times (including one) of the configured PRB bundling size.
Proposal 8: Localized and distributed resource mapping are supported. For distributed mapping, bandwidth where interleaving is applied needs to be clarified. 
Proposal 9: Resource allocation types from LTE can be a starting point. 
Proposal 10: At least for localized resource mapping, PRB indexing occurs within the configured bandwidth part. 
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