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I. Introduction
In RAN1NR AH#2, scheduling and HARQ operation for NR CA were discussed through email discussion with the following agreements,
Agreements:
· On the search space

· A UE monitors PDCCH candidates in common search space(s) at least for RMSI and UE specific search space(s) on Primary Component Carrier (PCC)

· A UE monitors PDCCH candidates at least on UE-specific search space(s) for an Secondary Component Carrier (SCC)

·  Support cross carrier scheduling with CIF 

· NR at least support that a carrier is scheduled by one and only one carrier

· FFS: the number of CIF bits

· FFS: BWP aspects for cross carrier scheduling

· For cross-carrier scheduling, PDCCH and the scheduled PDSCH can have the same or different numerologies.

· For self-scheduling, PDCCH and the scheduled PDSCH have the same numerology

· FFS whether for self-scheduling, PDCCH and the scheduled PDSCH can have different numerologies.

·  For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.

· When numerology are different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.

· For multiple timing advance groups

· LTE timing difference requirement can be used as a starting point

· FFS factors related to this requirement.

· Support PRACH transmission for timing advance acquisition on SCC

· NR Supports 2 cell groups for PUCCH for NR DC
· FFS: NR supports 2 cell groups for PUCCH for NR CA
During email discussion, the following working assumptions were made,
· 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, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission.

 In this contribution, we discuss NR DL/UL scheduling mechanism and HARQ operation for CA
II. Consideration of DL/UL Scheduling Mechanism for CA
NR frame structure supports slot and mini-slot based scheduling.  In addition to slot and mini-slot, the subframe is used as the reference timing and counter for the slot and mini-slot configuration.   Slot-based scheduling allocates the radio resource in a slot for DL/UL transmission.  Most NR traffic, such as eMBB, URLLC and mMTC, used slot-based scheduling for scheduled data transmission.   For UL and DL scheduling in CA, each component carrier should have its scheduling decision for resource allocation.    UE should monitor the NR-PDCCH on each CC for DL or UL grant.   For 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 NR-PDCCH reliably in low frequency band but less reliable in high frequency band due to the discrepancy of received SINR of NR-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.   NR supports up to 16 carriers in aggregation in Rel-15.  However, the number of carriers in aggregation in higher signaling is reserved to support up to 32 carriers.  It is reasonable to support 5-bit CIF bits in DCI field for forward compatibility
Proposal 1:  For CA aggregating CCs in both high and low frequency bands, DCI should be carried by NR-PDCCH at low frequency band for reliable decoding.   5-bit CIF bits should be supported for cross-carrier scheduling.  
The system configuration and scheduling strategy in resource allocation would be based on the traffic arrival and distribution.   The data traffic is shown to have large variation of inter-arrival time, which the inter-arrival statistic distribution is characterized by heavy tail type probabilistic distribution.   With large variation of data inter-arrival time and high data rate service provided by NR physical layer, the service time would be short and the queuing delay at the interface expects to be short.   The NR system would be lightly loaded or no user to serve most of time.   The robustness of data arrival with heavy tail distribution of inter-arrival would also imply heavy loaded system at a time.    Thus, the system configuration needs to be dynamically adaptive to the traffic arrival.  Dynamic system configuration in TDD/FDD and flexible resource allocation are the key elements in allocate the radio resource to adapt to the robust traffic arrival.  The indication of dynamic DL/UL configuration on common control channel should be carried by low frequency band when CCs high and low frequency bands are aggregated.  
Proposal 2: The DL/UL scheduling should dynamic system configuration and flexible resource allocation. The indication of dynamic DL/UL configuration on common control channel should be carried by low frequency band when CCs high and low frequency bands are aggregated.  

For supporting wideband operation, one option is one wideband RF chain and multiple baseband processing in support of cost effective parallel processing as shown in option 3 of Figure 1.  It was agreed in RAN1#88bis that supporting wideband operation could operate as a set of intra-band contiguous CCs with CA by gNB as follows,

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

 UE support of operating bandwidth could smaller than the wideband system bandwidth.   For wideband operation, UE could indicate the operating bandwidth is smaller than the system bandwidth.  In order to support peak data rate, multiple operating bandwidths could be aggregated similar to CA with intra-band contiguous CCs for wideband operation.     NR scheduler needs to allocate multiple resources in different subband within a wide band component carrier in the same time.   Thus, a DCI format needs to support multiple sets of resource allocation for a UE in support of wideband operation with aggregation of multiple small component operating sub-bands within a wideband carrier. The Cross-carrier scheduling should be supported for the resource allocation of intra-band contiguous CCs within a wideband carrier.

Proposal 3: DCI format needs to support multiple sets of resource allocation for a UE in support of wideband operation with aggregation of multiple small component operating sub-bands within a wideband carrier.  
Proposal 4: Cross-carrier scheduling with 5-bit CFI should be supported for the resource allocation of intra-band contiguous CCs within a wideband carrier.

In RAN1#89, cross-carrier scheduling for aggregated carriers with the same and different numerology was supported.  For cross carrier scheduling, the DCI would have additional bits to indicate the carrier to be scheduled for the perspective carrier.   Since different numerologies are supported in a carrier, cross-carrier scheduling would also support same or different numerology.   The DCI for cross-carrier scheduling should have same functionality and timing relationship to PDSCH/PUSCH transmission as that of in-carrier scheduling regardless it is same or different numerology.  

Proposal 5: The DCI for cross-carrier scheduling should have same functionality and timing relationship to PDSCH/PUSCH transmission as that of in-carrier scheduling regardless same or different numerologies.  
· 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

· –     FFS The possibility of the configuration of multiple carriers transmitting the PUCCH in a cell group

· –  This does not preclude on PUCCH fast carrier switching
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Figure 1: Illustration of wideband operations
III. Consideration of HARQ Operation for CA
For CA, HARQ operation would be independent on each CC.   The number of HARQ processes for each CC could be different depending on the system BW of each CC and UE processing capability.    In particular, the operating BW is UE-specific and could be different to the component carrier system bandwidth.   The processing time of self-contained subframe could be very short in the range of tens of µs and not necessarily supported by all UE categories.   However, the soft buffer at UE of supporting multiple CCs in CA/DC should be shared in statistic manner, which the soft buffer pool is shared among all component carriers without fixed partition.  
Proposal 6:  The HARQ operation should be independent operation at each CC in CA.  The soft buffer should be shared among all CCs without fixed partition.  

The HARQ-ACK feedbacks of HARQ operations on PUCCH for CA should be aggregated on one PUCCH group since the time alignment requirements would be tight within the CP for both intra-band and inter-band CA.  In particular, NR PUCCH is designed to support wide range of UCI information bits.   One PUCCH would be sufficient to carry all HARQ-ACK bits.  If more than one PUCCH is supported for CA, it will increase the PAPR of UL transmission.  Moreover, the trunking efficiency of carrying large number of HARQ-ACK bits by more than one PUCCH would be reduced in comparison to single PUCCH.   Thus, only one cell group for PUCCH should be supported for CA. 
Proposal 7: More than one cell group for PUCCH is not supported for NR CA.  

The working assumption of the time granularity of HARQ-ACK transmission related to multiple DL component carriers was made for DL component carriers operating with the same and different numerology.  The baseline assumption is that the time granularity of a HARQ-ACK transmission, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission.  The baseline assumption is to address the timing relationship between PDSCH and PUCCH when different numerologies were configured.   Using the numerology of PUCCH transmission as the reference for the indication of transmission time is the best way to capture the timing of PUCCH transmission when multiple PDSCHs could be transmitted with different numerologies from different carriers with self or cross carrier scheduling.   If each PDSCH time is used for reference, it could have multiple reference time for one PUCCH transmission when different numerologies are configured for PDSCH transmission.   Thus, the working assumption that the time granularity of a HARQ-ACK transmission, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission should be confirmed.
Proposal 8: The working assumption that the time granularity of a HARQ-ACK transmission, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission should be confirmed.

IV. Conclusion
In this contribution, we discuss the NR scheduling procedure with the following proposals, 
· Proposal 1:  For CA aggregating CCs in both high and low frequency bands, DCI should be carried by NR-PDCCH at low frequency band for reliable decoding.   5-bit CIF bits should be supported for cross-carrier scheduling.  
· Proposal 2: The DL/UL scheduling should dynamic system configuration and flexible resource allocation. The indication of dynamic DL/UL configuration on common control channel should be carried by low frequency band when CCs high and low frequency bands are aggregated.  

· Proposal 3: DCI format needs to support multiple sets of resource allocation for a UE in support of wideband operation with aggregation of multiple small component operating sub-bands within a wideband carrer.  

· Proposal 4: Cross-carrier scheduling with 5-bit CFI should be supported for the resource allocation of intra-band contiguous CCs within a wideband carrier.

· Proposal 5: The DCI for cross-carrier scheduling should have same functionality and timing relationship to PDSCH/PUSCH transmission as that of in-carrier scheduling regardless same or different numerologies.  

· Proposal 6:  The HARQ operation should be independent operation at each CC in CA.  The soft buffer should be shared among all CCs without fixed partition.  
· Proposal 7: More than one cell group for PUCCH is not supported for NR CA.  

· Proposal 8: The working assumption that the time granularity of a HARQ-ACK transmission, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission should be confirmed.
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