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1. Introduction
In RAN1#89 [1], the followings are agreed. 
	Agreements:
· Confirm the WA of RAN1#88bis.
· Each bandwidth part is associated with a specific numerology (sub-carrier spacing, CP type)
· FFS: slot duration indication if RAN1 decides to not to downselect between 7 symbol and 14 symbols for NR slot duration
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL
· FFS: down selection of combinations
· FFS if multiple bandwidth parts with same or different numerologies can be active for a UE simultaneously 
· It does not imply that it is required for UE to support different numerologies at the same instance.
· FFS: TB to bandwidth part mapping
· The active DL/UL bandwidth part is not assumed to span a frequency range larger than the DL/UL bandwidth capability of the UE in a component carrier.
· Specify necessary mechanism to enable UE RF retuning for bandwidth part switching
Agreements:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration
Agreements:
· The maximum bandwidth for CORESET for RMSI scheduling and NR-PDSCH carrying RMSI should be equal to or smaller than a certain DL bandwidth of NR that all UE can support in each frequency range
· At least, for one RACH preamble format ,the bandwidth should be equal to or smaller than a certain UL bandwidth of NR that all UE can support in each frequency range
· This implies there could be other RACH preamble format with larger bandwidth than a certain bandwidth of NR that all UE can support 
Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting
· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH
· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH
· Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH
Agreements:
· Same PRB grid structure for a given numerology is assumed for narrow band UEs, CA UEs and wideband UEs within a wideband NR carrier
· FFS: PRB indexing



2. Discussion on PRB Grid Construction
It has been agreed that there can be multiple SS blocks in a wideband carrier, and also PRB grids of wideband and narrowband UEs are aligned. In terms of PRB grid construction, we can consider the following approaches. 
(1) PRB grid is constructed starting from the center of a NR carrier
Simple approach is to construct PRB grid starting from the center of a NR carrier for the numerologies supported in the NR carrier. Figure 1 shows an example of the first approach.
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[bookmark: _Ref485285804]Figure 1. Illustration of PRB grid construction from the center
Assuming a UE is configured with bandwidth part around SS block in the left where potentially different numerology can be used from the numerology used for PBCH, a UE can construct PRB grid based on the information of center of the carrier. With the configured bandwidth part, based on the numerology, effective PRBs can be determined. This approach is simple. Potential drawback of this approach would be overhead to indicate the offset between SS block and carrier center frequency. To manage reasonable overhead, it is desirable that the gap between SS block and center would be multiple of RBs at least based on numerology used for PBCH. As a wideband UE needs to be informed with TX DC tone (i.e., center of carrier), it is generally desirable to inform center either in PBCH or RMSI or OSI. PRB grid can be constructed based on SS block as described in below until the UE knows center of carrier. 
(2) PRB grid is constructed starting from the center of a SS block
Another approach is to build PRB based on center frequency of SS block. In this case, to have aligned PRB grids among different UEs accessing different SS block, the gap between SS blocks should be at least multiple RBs based on the numerology used for PBCH. Moreover, to have aligned PRB between wideband and narrowband UEs, the gap between SS block and carrier center should be also multiple of RBs based on the numerology used for PBCH. However, for different numerology, the gap may not be multiple of RBs. To have the common PRB grid for different numerology from numerology used in PBCH, as shown inFigure 2, we can consider a few approaches. One is to restrict the gap between two SS blocks (and between SS block and carrier center) is multiple of RBs based on the largest subcarrier spacing supported by the carrier. If this is assured, PRB grid of each numerology can be formulated based on the center of SS block. Another approach is to indicate PRB grid offset for each numerology such that the common PRB grid can be used for all numerologies.
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[bookmark: _Ref485459765]Figure 2. Illustration of Second Approach
In terms of handling of even/odd system bandwidth, if different PRB grid formation is used between even and odd system bandwidth like LTE, TX DC tone can be either subcarrier 0 or subcarrier 6. In our view, this can complicate overall DC handling and also PRB structure among different numerologies. Moreover, this requires indication of at least odd or even system bandwidth. To simplify RB grid construction, we propose to place TX DC tone at the subcarrier 0 always. In other words, even PRBs are constructed from the center of carrier. 
Proposal 1. PRB grid can be constructed aligned with PRB grid constructed based on center of carrier. 
Proposal 2. The gap between center of SS block and center of carrier is multiple of RBs based on a subcarrier spacing (at least subcarrier spacing used in PBCH). 
Proposal 3. Center of carrier is indicated in PBCH or RMSI or OSI. 
Proposal 4. DC tone is assumed to be subcarrier 0 of a PRB in the center.
3. Discussion on bandwidth part during initial access
During initial access, a UE’s bandwidth part can be changed depending on configurations of CORESETs and data region for initial-access related messages. At PSS/SSS reading, bandwidth part can be the same as SS block. In terms of bandwidth part configuration for PDSCH, the following approaches can be considered. 
(1) Bandwidth part for RMSI PDSCH is same as CORESET of RMSI. In other words, numerology and bandwidth for RMSI PDSCH is same as RMSI CORESET. 
(2) Separate bandwidth part for RMSI PDSCH can be configured which may require frequency retuning. Considering retuning overhead, our view is that this approach is not appropriate. 
(3) Larger bandwidth than RMSI CORESET with sharing the same center frequency to RMSI CORESET. Another approach is to increase the bandwidth of bandwidth part without frequency retuning. Unless control and data use different numerology, we do not see a strong motivation to support this approach. 
Based on the observations, we propose that bandwidth part of RMSI PDSCH and RMSI CORESET is same. 
Proposal 5: The same numerology and bandwidth are assumed between control and data transmission for RMSI. 
Unless otherwise indicated, the same bandwidth part can be used for RAR, Msg 4 and other SI transmission. This can be considered as default DL bandwidth part. 
Proposal 6: Default DL bandwidth part is determined based on RMSI CORESET configuration. 
For uplink transmission, default uplink bandwidth part can be determined based on PRACH configuration. As PRACH bandwidth can be smaller than UE minimum bandwidth, to allow flexibility of Msg3 scheduling, we propose that bandwidth for default UL bandwidth part is same as UE minimum bandwidth where it shares the center frequency to PRACH resource. 
Proposal 7: Default UL bandwidth part is determined based on PRACH configuration. 
After RACH procedure, different bandwidth part can be configured for DL and UL. 
4. Discussion on PRB indexing
As bandwidth part can be configured, different UEs may be configured with partially or fully overlapped bandwidth parts. When different UEs with different bandwidth parts, some considerations on PRB indexing regarding DM-RS generation and resource allocation are necessary. In terms of PRB indexing, overall we can consider two approaches as below. 
(1) Local PRB indexing within a bandwidth part: first approach is to index PRB within a bandwidth part where PRB indexing may occur from the lowest or center of bandwidth part. With this approach, resource allocation can be simple where resource allocation is done as if the bandwidth part is a NR carrier from a UE perspective. 
(2) Global PRB indexing within a NR carrier: another approach is to have a common PRB indexing among UEs for example based on center of NR carrier and maximum carrier bandwidth. If global PRB indexing is used, in terms of bandwidth part configuration, and other configurations, a common reference can be used. 
When local PRB indexing is used, some further considerations on handling DM-RS sequence generation to support MU-MIMO, RS sharing among different bandwidth UEs, and distributed resource mapping. To support this, it is generally desirable to allow RS sequence generation covers larger than a UE’s bandwidth where a UE can take partial sequences for mapping within its bandwidth part. One approach is to configure RS sequence length and starting offset for each bandwidth part or for each UE such that regardless of UE bandwidth part configuration, RS sharing among different UEs can be achieved. Figure 3 illustrates an example of RS sequence generation for RS sharing between different bandwidth UEs. 

 
[bookmark: _Ref485459794]Figure 3. Illustration of RS sequence generation
Also, if distributed resource allocation is used, how to apply distributed resource allocation in different bandwidth parts needs to be further considered. If global PRB indexing is used, one approach is to partition system bandwidth into a set of subbands where distributed resource allocation would occur only within each subband. Or, distributed mapping across system bandwidth may be used where PRB outside of bandwidth parts can be ignored after distribution. Alternatively, distributed allocation may be applied within each bandwidth part where the network handles conflict cases by scheduling. 
Proposal 8: RS sequence generation should allow RS sharing among different bandwidth UEs. FFS between global PRB indexing or indication of sequence length and offset. 
Proposal 9: Further investigation is necessary to support distributed resource mapping.  

5. RRM Measurement
For UE1, UE3 and UE4 in Figure 4 it may be necessary to configure another SS block for coarse time/frequency tracking. Though a UE may not be required to read SS block for the serving cell, it is still necessary to monitor neighbor cells’ SS block in the same frequency where a UE is configured to monitor downlink. Thus, it is desirable that there is SS block transmission at least from the neighbor cells in the monitoring bandwidth part. In such a case, a UE can be configured with different periodicity for RRM measurement for both serving cell and neighbor cells. In this case, if the carrier can be also accessed by initial cell searching UEs, it is desirable to have some means to differentiate between SS block with default periodicity and SS block with different periodicity. 
Proposal 10: For a narrowband UE, measurement RS configurations for both serving cell and neighbor cells can be configured. A UE can assume that there is SS block transmission at least from the neighbor cells in the configured bandwidth. 
For RRM measurement on serving cell, further considerations for bandwidth adaptation UEs and multiple RF UEs seem necessary. 
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[bookmark: _Ref485459865]Figure 4. Illustration of Bandwidth of Different UEs
5.1. RRM for Bandwidth Adaptation UEs
When a UE changes its bandwidth, in terms of RRM bandwidth, we can consider two approaches as illustrated in Figure 5. 
(1) Independent configuration from bandwidth part, measurement bandwidth can be configured which is smaller or equal to UE RF bandwidth. If this approach is used, whenever a UE needs to perform measurement where the bandwidth may be larger than its currently configured bandwidth part, it can change its RF bandwidth. When measurement configuration, periodicity and bandwidth of measurement RS can be configured. 
(2) RRM measurement is done within UE-configured frequency range (bandwidth part) at a given time: another approach is to perform RRM assuming UE-configured frequency range at a given time. Whenever a UE-configured frequency range changes, RRM measurement at L3-filter can be reset (if the measurement bandwidth or location is changed). 
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Figure 5. Illustration of Different RRM BW options
Further considerations including RRM requirements can be considered to select between two category options. 
Proposal 11: Further considerations on RRM bandwidth when bandwidth adaptation is applied seem necessary.  
5.2. RRM for Multiple RF UEs
When a UE is equipped with multiple RFs, before configuring additional UE-specific carrier, a UE may need to perform RRM measurement on frequency range outside of its currently active bandwidth within a NR carrier bandwidth. The potential benefit of RRM measurement on different frequency range in a NR carrier is that due to different interference level, a UE can search better frequency range among multiple candidates. For this, a UE can be configured with measurement configurations outside of its active bandwidth. Generally, this can be also supported for narrowband UEs with single RF which should can be done via measurement gap configuration or bandwidth adaptation.
Proposal 12: Measurement configuration independent from bandwidth part can be configured to a UE with multiple RFs.
6. CSI measurement
Similar to RRM measurement bandwidth, some clarification on wideband CSI feedback is necessary. As the periodicity of CSI measurement is generally shorter than RRM measurement, it may not be efficient to configure separate configuration for wideband CSI feedback independent from bandwidth part. As wideband CSI is mainly for data scheduling, it is generally desirable to align wideband CSI feedback bandwidth with the configured bandwidth part. In other words, bandwidth of wideband CSI can be defined same as the UE bandwidth part for UE-specific data. When UE bandwidth part is changed, wideband CSI measurements can be reset. For subband CSI, it can be defined within its configured bandwidth part. 
For aperiodic CSI report or one-shot CSI report, to allow possible frequency retuning to better frequency for frequency selective scheduling, it can be further considered to indicate frequency location of CSI measurement. If this is configured, necessary frequency retuning gap should be supported. 
Proposal 13: Wideband CSI feedback is performed within a bandwidth part for UE-specific data. 
Proposal 14: Subband CSI feedback is defined within a bandwidth part for UE-specific data. Further consider aperiodic CSI trigger on frequency region outside of bandwidth part. 

7. Conclusion
In this contribution, we discuss remaining issues related to wideband operation. 
. Our proposals are as follows:
Proposal 1. PRB grid can be constructed aligned with PRB grid constructed based on center of carrier. 
Proposal 2. The gap between center of SS block and center of carrier is multiple of RBs based on a subcarrier spacing (at least subcarrier spacing used in PBCH). 
Proposal 3. Center of carrier is indicated in PBCH or RMSI or OSI. 
Proposal 4. DC tone is assumed to be subcarrier 0 of a PRB in the center.
Proposal 5: The same numerology and bandwidth are assumed between control and data transmission for RMSI. 
Proposal 6: Default DL bandwidth part is determined based on RMSI CORESET configuration. 
Proposal 7: Default UL bandwidth part is determined based on PRACH configuration. 
Proposal 8: RS sequence generation should allow RS sharing among different bandwidth UEs. FFS between global PRB indexing or indication of sequence length and offset. 
Proposal 9: Further investigation is necessary to support distributed resource mapping.  
Proposal 10: For a narrowband UE, measurement RS configurations for both serving cell and neighbor cells can be configured. A UE can assume that there is SS block transmission at least from the neighbor cells in the configured bandwidth. 
Proposal 11: Further considerations on RRM bandwidth when bandwidth adaptation is applied seem necessary. 
Proposal 12: Measurement configuration independent from bandwidth part can be configured to a UE with multiple RFs.
Proposal 13: Wideband CSI feedback is performed within a bandwidth part for UE-specific data. 
Proposal 14: Subband CSI feedback is defined within a bandwidth part for UE-specific data. Further consider aperiodic CSI trigger on frequency region outside of bandwidth part. 
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