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1 Introduction
In previous RAN1 meetings, the following agreements were achieved with respect to support of carrier aggregation (CA) in NR. 
	
Agreements@RAN1#86bis:
· Study at least the following aspects for NR carrier aggregation / dual connectivity
· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios
· Number of carriers
· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers
· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback
· TB mapping, i.e., per carrier or across carriers
· Carrier on/off switching mechanism
· Power control
· Different numerologies between different/same carrier(s) for a given UE
· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity

Agreements@RAN1#87:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers
· RAN1 will try to decide the exact number in this week
· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers

Agreements@RAN1#88:
· 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
· 
Agreements@RAN1#88bis:
Agreements for duplication in CA case
1	Duplication on a single carrier will not be supported
2	RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)
3	Duplicated PDCP PDUs are submitted to two different RLC entities



In this contribution, we discuss the motivation of fast carrier switching in NR and enhanced MAC procedures to support fast carrier switch. 
2 Discussion 
2.1 Motivation of fast carrier switch for NR
NR may be operated with the large number of component carrier (CC) and some UE has less number of RF capacity than the NR system (Network) because of relatively wider bandwidth around 1GHz in NR. Even though NR considers the wider bandwidth spectrum operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives, RAN1 agreed the maximum single carrier bandwidth of at least 80 MHz and thus the maximum number of NR carriers for CA is 16. RAN1 also noted in their agreement that 32 is considered from RAN2 specification perspective.
In legacy LTE, Carrier Aggregation was introduced in 3GPP Release 10 up to 5 component carriers. The maximum number of CCs is extended to 32 to apply the carrier aggregation enhancements beyond 5 CCs in 3GPP Release 13. Correspondingly, the new MAC CE format was added in 36.321 [1] to support the larger maximum number of CC. In the section of 6.1.3.8 Activation/Deactivation MAC Control Elements, the format of Activation/Deactivation MAC control element is extended from one octet to four octets. Furthermore, in 6.1.3.6a Extended Power Headroom Report MAC Control Elements, new PHR MAC Control Element is added for supporting 32 serving cells with configured uplink.
Therefore, as aspect of the maximum number of CCs. LTE CA can be baseline for NR CA. And the corresponding MAC CE format such as Activation/Deactivation and PHR supporting 32 serving cells can be reused.
In NR, it is anticipated that the gNB will have a large number of usable carriers. Even though maximum channel bandwidth continues to be studied in RAN1/4, NR may be operated with the large number of component carrier (CC) and some UE has less number of RF capacity than the NR system (Network) because of relatively wider bandwidth around 1GHz in NR. The carriers may be configured to UEs as PCells or SCells (sub-6GHz and/or above 6GHz). This is the motivation to introduce dynamic carrier switch in NR to enhance CA up to larger number of component carriers (CCs). 
For further enhanced CA operation, it is meaningful to support advanced CA technologies for efficient operation with a large number of carriers in the network, i.e., to provide standard support for efficient multi-carrier scenarios (such as fast load balancing/shifting across carriers, fast interference coordination and avoidance across carriers, and CRS reduction on lightly loaded carriers for interference reduction and energy efficiency). In addition, assumption that all the UEs have the capability of supporting all the carriers available at the gNB is not realistic, for DL reception or UL transmission. Therefore, the case that the number of available carriers at the gNB is much larger than the number of usable carriers by UEs is of importance as well.
Fast carrier switching/selection may be considered to allow UE over time to utilize a much larger number of carriers than it can receive at one time. Other operational impacts can include load shifting/balancing to improve throughputs and reduce interference. The ability to switch quickly also has benefits for operation in low priority service such as mMTC and eMBB SCells as means to another carries when higher priority service such as URLLC arises. This approach can potentially be beneficial to UEs without largely increasing their capability requirements.
In legacy LTE, the massive carrier aggregation in Rel-13 was proposed to enhance CA to up to 32 component carriers (CCs) [2]. The initial scope of massive carrier aggregation was including necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL. However, it was mainly focused on the UL SRS transmission switching over component carriers. The remaining issues including fast carrier switch has studied in Enhancing CA Utilization (WI) [2] targeting reduced delays in Scell set-up, including shorter Scell configuration and activation. 
Observation 1: Even though the maximum number of NR carriers for CA is same as LTE (e.g. 16 or 32), in NR, it is anticipated that each gNB will have a large number of activated carriers because of increased capability requirement.
NR-based Access to Unlicensed Spectrum (SI) proposes a study to determine a single global solution for NR-based access to unlicensed spectrum, to be compatible with the NR concepts. And it is targeting NR-based unlicensed access wideband system operates as a “good neighbour” towards all forms of legacy systems. Therefore, the fast carrier switch can be the one of essential part to avoid interference and access another CC with low latency for the NR-based Access to Unlicensed Spectrum.
Observation 2: For the NR-based Access to Unlicensed Spectrum, the fast carrier switch can be the one of essential part to avoid interference and access another CC with low latency.
2.2 MAC procedures to support fast carrier switch in NR
To support fast carrier switch, the larger number of carriers more than UE’s RF capability are needed [4]. The required procedures and mechanism needs to be studied in RAN2:  
· SCell configuration/activation: the number of component carriers configured/activated to a UE larger than the number of component carriers for simultaneous data reception/transmission. 
· Carrier selection: gNB-level selection out of a number of carriers and carrier switching: switching from one CC to another, per gNB instruction.
· RAN2 designs to support the dynamic (RAN1) indication of carrier switching such as configuration of measurements, feedback, and procedures.
Proposal 1: RAN2 needs to enhance MAC procedures such as new Scell configuration/activation to support fast carrier switch mechanism.
3 Conclusion
Observation 1: Even though the maximum number of NR carriers for CA is same as LTE (e.g. 16 or 32), in NR, it is anticipated that each gNB will have a large number of activated carriers because of increased capability requirement.
Observation 2: For the NR-based Access to Unlicensed Spectrum, the fast carrier switch can be the one of essential part to avoid interference and access another CC with low latency.
Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:
Proposal 1: RAN2 needs to enhance MAC procedures such as new Scell configuration/activation to support fast carrier switch mechanism.
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