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1 Introduction

In RAN1#88 meeting [1], it was agreed that:
Agreements:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15

· Note:  final decision on the value  is up to RAN4

· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15

· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing

· Note: final value for a given channel BW is up to RAN4 decision

· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases
In this contribution, some considerations on the functionalities of PCell, PSCell, SCell and aspects of configuration of carriers carrying PUCCH, common control resource set, independently management of DL and UL carriers for NR CA and DC are discussed.

2 Discussion
2.1 Functionalities of PCell, PSCell, SCell

In each development stage of aggregation of carrier in LTE, there are some new functionalities are introduced. For example, in PUCCH transmission aspect, there are several similar conceptions. 
· Primary Cell (PCell) in traditional CA

· Primary Secondary Cell (PSCell) in DC

· PUCCH Secondary Cell (SCell) in massive CA 

In LTE, one reason of introducing the above similar functionalities is these features are developed in different LTE release and some conceptions are always associated with one fixed character in each specification stage. For example, master/secondary cell group is always associated with one eNB, and PUCCH group is always bind to the PUCCH transmission. Another reason is the PCell is associated with too many functionalities in LTE:
· Provides security inputs, provides NAS mobility functions
· Used for RRC connection and RRC connection re-establishment

· Used for Radio Link Monitoring
· Used for PUCCH transmission

· Can be changed only by handover

· Cannot be de-activated, cannot be cross-carrier scheduled

· UE acquires system information from PCell

One possible improvement in NR CA and DC is to develop one general description for a cell group and define the functionalities associated with the cell group. For example, there is one PUCCH Cell in the cell group associated with PUCCH, and different cell groups could be corresponding to the same gNB or multiple gNBs. So for LTE and NR DC, two cell groups are configured in which one cell group is LTE cells and another is NR cells, and at least one PUCCH Cell in each cell group is configured. 
On decoupling PUCCH functionality from PCell, the main functionalities for PCell which are different from other cells are discussed as follows. It is noted that cell is a RAN2 concept, and carrier is the RAN1 concept, so Primary Component Carrier (PCC), Secondary Component Carrier (SCC) and carrier group are used in the rest of the contribution.
Since the coverage of different carriers may differ, e.g. different frequency bands will experience different pathloss, the RRC connection should be only handled by one carrier in NR CA and DC, i.e. DL and UL PCC. It is also on the DL PCC that the UE receives NAS information, such as security parameters. In idle mode the UE listens to system information on the DL PCC. Re-establishment will be triggered when DL PCC experiences RLF and DL PCC can change with handover procedure. Other CCs which do not handle RRC/NAS information are referred to as SCCs, and the SCCs could be added and removed as required. 
Proposal 1: Functionalities of DL and UL PCC in NR CA and DC should at least include:

· Provides security inputs, provides NAS mobility functions

· Used for RRC connection and RRC connection re-establishment

· Used for Radio Link Monitoring

· If DL-based mobility management is supported, UL PCC can be changed without handover; If UL-based mobility management is supported, DL PCC can be changed without handover.
2.2 DL and UL decoupling
Flexible configuration of carriers carrying PUCCH
It has been agreed that the maximum number of carriers supported in Rel-15 is 16, and carriers with same or different numerologies could be aggregated. When multiple carriers with different numerologies are aggregated, one easy approach for joint UCI feedback is dividing the carriers into multiple carrier groups, and the same numerology is used in one carrier group. Then there is at least one carrier in each group could carry PUCCH. By carrier grouping, joint UCI feedback with the same numerology is realized. 
For multipoint transmission, carriers from multiple TRPs may serve a same UE. For fast UCI feedback for a certain TRP, multiple carriers could be configured for PUCCH transmission so that there is one carrier carrying PUCCH per TRP. Furthermore, for forward compatibility, when more carriers could be aggregated, more carrier groups and corresponding carriers carrying PUCCH could be considered. Therefore, carrier groups and the UL carrier carrying PUCCH in each group should be UE-specific configured.
Proposal 2: Several carrier groups and the carrier carrying PUCCH in each carrier group could be UE-specific configured in NR CA and DC. FFS the maximum number of carrier group.
Common control resource set
In LTE CA and DC, common control resource set only exists on the PCC. In NR, new functionality of the common control resource set may be required, one example is the UE-group common indication of the slot type for dynamic TDD scenarios. When two carriers with different numerologies are aggregated, if the carrier with longer slot is the PCC, the transmission direction of multiple shorter slots of the SCC is indicated by the common control signalling on PCC, so slot level dynamic TDD of the SCC could not be achieved. 
DL and UL CC independently management
In LTE, for a SCC which includes both DL and UL carrier, when the carrier is activated/de-activated, both the DL and UL carrier are activated/de-activated. In LTE SRS carrier based switching, fast carrier switching to and between TDD UL carriers is supported, i.e. one UL carrier is de-activated and another UL carrier is activated for SRS transmission. Similar as SRS switching, UL carriers should be independently activated/de-activated for better SRS transmission and UL data transmission.
Due to the usage of massive MIMO and increased number of antennas, large beamforming gain could be obtained and the DL coverage is not a serious problem in high frequency transmission. However, constrained by the UE capability, the UL coverage problem is more serious on high frequency bands. When low frequency carrier and high frequency carrier are aggregated, independently configuration of DL PCC and UL PCC could be considered. For UL coverage limited UE, RRC request signalling could be carried by the low frequency carrier, and the UE would campus on the high frequency DL carrier and low frequency UL carrier. For a UE without coverage enhancement requirement, since larger bandwidth likely exists on the high frequency band, the UE would campus on the high frequency DL and UL carrier for higher throughput.
Furthermore, on decoupling DL and UL PCC, the DL and UL PCC could be independently managed. If DL-based mobility is supported in NR, re-establishment will be triggered when the DL PCC experiences RLF and DL PCC could change with handover procedure. For the UL PCC, it can be re-configured by the gNB. For example, the high frequency carrier is configured as the DL and UL PCC for a UE in the central of the cell. If the UE has moved to the edge of the cell, UL PCC could be changed to the low frequency carrier by RRC re-configuration signalling without handover procedure to achieve better mobility performance.  If UL-based mobility is supported in NR, DL PCC could be changed and informed to the UE by gNB.
Proposal 3: DL and UL CC independently management could be studied, e.g. activated/de-activated, flexible configuration of DL PCC and UL PCC.
3 Conclusion
Proposal 1: Functionalities of DL and UL PCC in NR CA and DC should include:

· Provides security inputs, provides NAS mobility functions

· Used for RRC connection and RRC connection re-establishment

· Used for Radio Link Monitoring

· If DL-based mobility management is supported, UL PCC can be changed without handover; If UL-based mobility management is supported, DL PCC can be changed without handover.
Proposal 2: Several carrier groups and the carrier carrying PUCCH in each carrier group could be UE-specific configured in NR CA and DC. FFS the maximum number of carrier group.
Proposal 3: DL and UL CC independently management could be studied, e.g. activated/de-activated, flexible configuration of DL PCC and UL PCC.
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