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1. Introduction
In previous meeting[1], the followings were agreed related to wideband operation. 
	Agreement:
· For single-carrier operation,
· UE is not required to receive any DL signals outside a frequency range A which is configured to the UE
· The interruption time needed for frequency range change from frequency range A to a frequency range B is TBD
· Frequency ranges A & B may be different in BW and center frequency in a single carrier operation
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
Agreement:
· Support the following: 
· A gNB can operate simultaneously as wideband CC for some UEs and as a set of intra-band contiguous CCs with CA for other UEs 
· RAN1 believes that it is beneficial to allow zero guardband between CCs within wideband CC and asks RAN4 to take it into account when discussing channel raster
· If there are scenarios where guard band is considered necessary, strive to minimize the number of subcarriers for guard-band between CCs within wideband CC
· It is RAN1 understanding that guard band might be supported by RAN4 
· Allow single or multiple Sync signal locations in wideband CC
· Consider further impact on design for: 
· Reference signals
· Resource Block Group design and CSI subbands


In this contribution, we further discuss open issues related to wideband operation. 
2. Discussion on Reference Signals
In wideband operation, there are different UEs coexist each other as illustrated in Figure 1, namely a narrowband UE which accesses partial bandwidth of a NR carrier, wideband UE which accesses the entire system bandwidth, and multiple RF UEs which can access partial or full bandwidth of a NR carrier by carrier aggregation. Finally, a UE monitors smaller bandwidth than its RF capability via bandwidth adaptation can be present as well. 
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[bookmark: _Ref481415868]Figure 1. Illustration of Bandwidth of Different UEs
When the network transmits wideband RS such as CSI-RS for RRM measurement or RS for tracking purpose, from a UE perspective, it can be beneficial to know actual RS transmission bandwidth which may exceed its configured bandwidth part. For example, for UE4, if measurement CSI-RS is transmitted beyond the UE’s bandwidth part, the network can indicate the actual bandwidth of measurement CSI-RS transmission. With the information, a UE can attempt to read RS beyond its configured bandwidth part which is up to UE implementation. In other words, it should not be prohibited that a UE can access wider bandwidth for RS reading beyond its configured bandwidth part or frequency range. 
Proposal 1: A UE can be indicated with RS transmission bandwidth which may exceed UE’s configured bandwidth part. Whether or not to monitor RS beyond its bandwidth part is up to UE implementation. 
When CSI-RS is shared between narrowband and wideband UEs, even though the bandwidth can be configured separately, the scrambling and sequence design should be same among them. To have a common design for shared RS among narrowband and wideband UEs, overall two approaches can be considered. 
(1) RS design is based on the minimum system bandwidth or narrowband UEs where RS can be repeated in frequency domain for wideband UEs: to support this, it needs to be clarified what is the size of narrowband. Depending on the multiplexing, the size of narrowband can be indicated to the wider bandwidth UEs. 
(2) RS design is based on the system bandwidth or wideband UEs where a narrowband UE can monitor partial portion of RS sequence of the wideband RS sequence. With this approach, RS scrambling can start from the center frequency of a NR carrier assuming maximum supportable system bandwidth. Each UE, based on its configured UE bandwidth, can access partial RS sequence. To allow future extension of system bandwidth beyond 400 MHz, it is desirable that RS sequence can start from carrier’s center frequency. For the maximum supportable system bandwidth, it should be sufficiently large to allow future extension (e.g., 600 PRBs). For example, a RS sequence can be generated as maximum supportable system bandwidth, and sequence between [max_RB – RB/2, max_RB + RB/2] where max_RB is the maximum system bandwidth and RB is the number of RBs in the carrier.
Proposal 2: For RS shared between narrowband and wideband UEs, RS design is based on system bandwidth or wideband UEs. RS design should also consider potential future extension of maximum system bandwidth.  

3. RRM Measurement
For UE1, UE3 and UE4 in Figure 1, 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 2: 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. 
3.1. RRM for Bandwidth Adaptation UEs
When a UE changes its bandwidth, in terms of RRM bandwidth, we can consider two approaches. 
(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 2. Illustration of Different RRM BW options
Further considerations including RRM requirements can be considered to select between two category options. 
Proposal 3: Further considerations on RRM bandwidth when bandwidth adaptation is applied seem necessary.  
3.2. 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 4: Measurement configuration independent from bandwidth part can be configured to a UE with multiple RFs.
4. 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 5: Wideband CSI feedback is performed within a bandwidth part for UE-specific data. 
Proposal 6: 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. 

5. Conclusion
In this contribution, we discussed wideband operation and proposed the followings. 
Proposal 1: A UE can be indicated with RS transmission bandwidth which may exceed UE’s configured bandwidth part. Whether or not to monitor RS beyond its bandwidth part is up to UE implementation. 
Proposal 2: 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 3: Further considerations on RRM bandwidth when bandwidth adaptation is applied seem necessary.  
Proposal 4: Measurement configuration independent from bandwidth part can be configured to a UE with multiple RFs.
Proposal 5: Wideband CSI feedback is performed within a bandwidth part for UE-specific data. 
Proposal 6: 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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