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1.	Introduction
In previous RAN1 meeting, the following assumption and agreements were made on wider bandwidth operation. 
Working assumption @RAN1 #88bis:
· 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
Agreements @RAN1 #89:
· 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 @RAN1 AH NR#2:
· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously
· One TB is mapped per each active BWP. 
· FFS: The multiple active BWPs may overlap in frequency domain.
· FFS: Cross-BWP scheduling is supported.
Agreements @RAN1 AH NR#2:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern
In this contribution, we’d like to address the wider bandwidth operation discussed in RAN1 and discuss the potential impact of BWP aggregation on PHR.
[bookmark: _Toc476230925]2.	Discussion
2-1. Wider Bandwidth operation
According to the TR38.802, the maximum channel bandwidth of NR is 400MHz per carrier. Operating the wider bandwidth on a single carrier is more efficient than aggregating contiguous intra-band CCs with smaller bandwidth. In order to provide the carrier with maximum bandwidth for UEs with different RF chain capabilities, RAN1 agreed to support the aggregation of multiple sub-bands with smaller bandwidth. In this wider bandwidth operation, it assumes that one or multiple bandwidth part (BWP) configurations for each CC can be semi-statically signalled to a UE and each bandwidth part is associated with a specific numerology. 
The figure 1 shows the example for BWP configurations and activation/deactivation to UEs. As illustrated below, 400MHz carrier bandwidth could be supported by aggregating four sub-bands of 100MHz channel bandwidth and one or multiple bandwidth parts with different numerology can be configured to a UE. The configured BWP(s) of a UE can be activated or deactivated by gNB. Currently, RAN1 is discussing how to activate/deactivate the BWPs for a UE and it is considering using Downlink Control Information (DCI) for dynamic and fast BWP activation/deactivation in addition to RRC signalling and MAC CE.
Observation. In order to provide the carrier with wider bandwidth, RAN1 agreed to support the aggregation of multiple sub-bands with smaller bandwidth, i.e., bandwidth part.
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Figure 1. Bandwidth part configuration and activation/deactivation
2-2. Power Headroom Reporting for wider bandwidth operation
NR PHR will be designed based on the legacy principles taking into account the new features, i.e., BWP aggregation, multiple beams, numerology, etc. In this section, we’d like to discuss the potential impact of BWP aggregation on PHR.
Possible issue 1. PHR trigger events
From the RAN2 perspectives, BWP aggregation (BA) seems to be very similar to the carrier aggregation. The main difference between CA and BA is whether it is regarded as separate cells or a single cell. 
In LTE CA, a power headroom report is triggered when the SCell is activated because the power allocation in the UE would vary depending on the number of activated SCells. Similarly, we think that it may be necessary to trigger PHR for BWP activation because activating additional BWP would impact the power allocation of the UE. 
In the meanwhile, if BWP activation doesn’t happen so frequently, there wouldn’t be a signalling overhead issue with PHR trigger upon BWP activation. However, RAN1 is considering using DCI for dynamic and fast BWP activation/deactivation. If BWP is activated/deactivated by means of DCI and PHR is triggered every BWP activation, the PHR transmission may occur very frequently. In order to prevent the frequent PHR transmissions, RAN2 may need to further discuss whether prohibition is required for PHR trigger upon BWP activation.
Possible issue 2. PHR reporting per BWP
In LTE CA, the power headroom is contained in PHR MAC CE per activated cell because the power allocation may be different per cell. With wider bandwidth operation, since each BWP is associated with a different numerology, the gNB may need to know PH information per BWP to allocate suitable resources for a UE. Therefore, it may be desirable to report PH per BWP. 
In LTE CA, the power headroom is reported only for the activated cell(s). With wider bandwidth operation in NR, RAN2 needs to discuss whether the PH is reported only for the activated BWP(s) or for all configured BWPs. In general, PH reporting only for the activated BWP(s) would be sufficient because only the activated BWP is used for scheduling. However, if BWP is dynamically activated/deactivated via DCI and the PHR is not triggered due to prohibition, the gNB may also want to know the PH information for the deactivated BWPs. 
Possible issue 3. PHR MAC CE format
For a single carrier wider bandwidth UE, there may be two cases where a single BWP is activated for a UE at a given time (Case 1) or multiple BWPs are activated simultaneously (Case 2). 
In the AH NR#2 meeting, RAN1 agreed that primary focus is to complete the former case. In Case 1, if PHR contains PH information only for the single active BWP of a cell, the PHR MAC CE doesn’t need to include the BWP indication for which PH is reported and the PH and PCMAX, C may be derived from the BWP specific values according to the RAN1 decision.
However, if gNB wants to know the PH information for all configured BWPs including the deactivated BWP even in Case 1 or if multiple BWPs can be activated simultaneously (Case 2), the PHR MAC CE may need to include PH information of multiple BWPs for one cell. To transmit the PH information of multiple BWPs, RAN2 may need to discuss how to indicate PH information per BWP of the cell.
Based on the above discussion, we think that the wider bandwidth operation have an impact on PHR from the RAN2 point of view. So, when RAN2 discuss the PHR in NR, we propose to consider the potential impact of wider bandwidth operation which are addressed in this contribution. 
Proposal. With wider bandwidth operation, RAN2 should consider the followings in PHR operation:
· PHR trigger upon BWP activation, possibly with prohibition mechanism;
· PHR reporting per activated/deactivated BWP;
· [bookmark: _GoBack]PHR MAC CE format;
3.	Conclusion
In this contribution, we address the wider bandwidth operation discussed in RAN1 and discuss the potential impacts of BWP aggregation on PHR, and our observation and proposal are as follows:
Observation. In order to provide the carrier with wider bandwidth, RAN1 agreed to support the aggregation of multiple sub-bands with smaller bandwidth, i.e., bandwidth part.
Proposal. With wider bandwidth operation, RAN2 should consider the followings in PHR operation:
· PHR trigger upon BWP activation, possibly with prohibition mechanism;
· PHR reporting per activated/deactivated BWP;
· PHR MAC CE format;
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