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I. Introduction

In RAN1#91, scheduling and HARQ operation for NR CA and wider bandwidth oepration were discussed with the following agreements,

Agreements:
· Confirm the WA at RAN1 NR AH#2
· HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology
· The time granularity of a HARQ-ACK transmission on PUCCH, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission
· FFS: For cross-carrier scheduling, support the following functionalities
· Multi-slot scheduling (i.e., one DCI schedules N slots with N TBs)
· For NR CA, for the scenario that all the carriers are 15Khz, around [32.47us] maximum uplink timing difference between two TAGs should be assumed in NR
· Granularity of TA for SCS = 15kHz is same as LTE
· Maximum number of TAGs is 4
· Note: final decision of the maximum timing difference is up to RAN4
· FFS: for other scenarios
· For NR CA, both semi-static and dynamic HARQ-ACK codebook are supported
· NR supports 2 cell groups for PUCCH for NR CA
· NR supports at least the configuration of one carrier transmitting the PUCCH within the cell group
· FFS The carrier transmitting the PUCCH is always PCC and/or carrier(s) transmitting the PUCCH can be SCC in a cell group containing PCC

Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state
· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 
· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling
· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH
· FFS: common PRB indexing for UL

Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established
· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band
· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda
· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI
· FFS: In addition, MAC CE based approach is supported
· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part
· The default DL bandwidth part can be the initial active DL bandwidth part defined above 
· FFS: The default DL bandwidth part can be reconfigured by the network
· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)
· FFS: other conditions to switch to default DL bandwidth part

Agreements:
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap
· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET

In this contribution, we discuss the remaining detail of CA and wider bandwidth operation.   
II. Remaining Aspects for CA

NR supports cross carrier scheduling for CA and multi-slot scheduling.  Cross-carrier scheduling allows the network from one carrier to schedule transmission at another carrier.   CA with aggregated CCs in high and low frequency bands, there would be large discrepancy between coverage areas of high and low frequency bands.    UE might be able to decode PDCCH reliably in low frequency band but less reliable in high frequency band due to the discrepancy of received SINR of PDCCH.  It would be better to have sufficient large number of CIF (Cross-Scheduling Indication Field) in the DCI for DL/UL scheduling grant of high frequency band carried by PDCCH in low frequency band.  Thus, UE could decode the PDCCH reliably to get DL/UL grants of CCs in both low and high frequency band.     

Multi-slot scheduling allows the system to schedule transmission over multiple slots at a time to reduce the control channel overhead.   To support multi-slot scheduling, either the DCI format could support resource allocation over multiple slots in a grant or UE decodes multiple grants with each grant containing resource allocation at each slot.  UE blind decoding on PDCCH would increase if UE is required to perform multiple hypotheses testing of scheduling grants.   

The only difference between in-carrier scheduling and cross-carrier scheduling is the additional CIF field in the DL/UL grant to indicate the carrier to be scheduled transmission.    It is straight forward to support cross-carrier scheduling with CIF and multi-slot scheduling together since the DCI design for multi-slot scheduling would be supported,.   


Proposal 1:  Multi-slot scheduling with cross-carrier scheduling is supported.  

III. Remaining Aspects for Wider Bandwidth Operations

Dynamic activation/deactivation of DL and UL bandwidth part is explicitly indicated at least in the DCI.    It was FFS whether MAC CE based approach would be supported.    The explicit indication in the DCI is to include a field of carrier activation bits similar to that of cross-carrier indication field (CIF).  The CIF field could also be used for BWP activation when multiple BWPs are configured for UE with only one BWP being activated.    This will allow the network to indicate the activated BWP dynamically based on CIF.  

Proposal 2:  A field of BWP activation indication is included in the DCI to indicate the activation of the BWP.  CIF could be re-used as the BWP activation indication.  

Semi-static activation/deactivation of DL bandwidth was also supported by timer for a UE to switch between different configured DL BWP.    The BWP that UE initially accesses should be considered as the default BWP.  The network could reconfigure the default BWP by dedicated RRC signaling to balance the system load of each BWP.   The timer for the BWP switching could be a dedicated field in the radio resource configuration of RRC signaling for long term BWP switching.  The timer should use the SFN as the reference counter for switching.   The timer for BWP switching could be short time, such as each slot.  For short term BWP switching, the BWP switching is similar to that of frequency hopping to get the frequency diversity gain of transmission at different BWPs.   A switching pattern and duration of BWP switching could be defined and included in the RRC signaling.   


Proposal 3: Semi-static BWP switching by timer is performed by RRC signaling with SFN as the reference.  Both long-term and short-term BWP switching should be supported.  

IV. Conclusion
In this contribution, we discuss the NR scheduling procedure with the following proposals, 
· Proposal 1:  Multi-slot scheduling with cross-carrier scheduling is supported.  
· Proposal 2:  A field of BWP activation indication is included in the DCI to indicate the activation of the BWP.  CIF could be re-used as the BWP activation indication.  
· Proposal 3: Semi-static BWP switching by timer is performed by RRC signaling with SFN as the reference.  Both long-term and short-term BWP switching should be supported.  
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