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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 needs of fast carrier switching in multi-carrier scenarios of NR. 
2 Needs of fast carrier switch 
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 [1]. In NR, the probability of the carrier switch event can be varied depending on the number of activated CCs and traffic arrivals. 
2.1 Larger number of activated CCs 
As the number of activated CCs is increased, the carrier switch event occurs more frequently. 
Let’s assume the condition of fixed amount traffic condition, and note the number of activated CCs as NA (NA ≤ 16 or 32) and the probability of the received signal on ith CC gets lower or higher than pre-defined threshold (i.e., A2/A4 event) for the time duration TOb as Pr(Ci, TOb),  where 0 ≤  Pr(Ci, TOb) ≤ 1). And thus the probability of carrier switch event with NA activated CCs, Pr(Csw, NA) can be defined that at least one CC gets the A2/A4 event during the time duration TOb.
 = 1 ̶̶  				(1)
If we assume the probability of the received signal on ith CC gets lower or higher than pre-defined threshold (i.e., A2/A4 event) as Pr(Ci) is independent with CC index and the value is Pr(C0) then 
 = 1 ̶̶ 					(2)
And thus the number of carrier switching Ncs (NA, TOb) with NA activated CCs during the time duration T is  
 	(3)
Figure 1 plots the probability of carrier switch during a given time duration due to channel varying based on the equations of (2). As the number of activated CCs and/or the probability of carrier switch event are increased, the latency can be degraded due to the carrier switching delay which occurs more frequently
[image: ]
[bookmark: _Ref465592942]Figure 1. Probability of carrier switch during a given time duration due to channel varying
Observation 1: As the number of activated CCs is increased, the latency can be degraded due to the carrier switching delay which occurs more frequently. 
2.2 Dynamic traffic arrivals for the multiple services 
Beside the number of activated CCs, the traffic arrivals can affect the frequency of the carrier switching event. Because NR aims to support and multiplex multiple services within one system for instance URLLC and eMBB (optionally mMTC), the radios resource can be dynamically allocated and multiplexed with URLLC and eMBB within one single wideband or multiple component carriers. 
Let’s note the probability of carrier switch with the traffic of ith service during the time duration TOb as , if we account all the traffic arrivals with SK multiple services, the probability of carrier switch due to the multiple type of traffic arrivals can be increased as
				(4)
Because 0 ≤  ≤ 1, as the the number of service type SK gets larger,  is increased 
Figure 2 plots the probability of carrier switch during a given time duration with multiple type of traffic arrivals based on the equations of (4).
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Figure 2. Probability of carrier switch during a given time duration with multiple type of traffic arrivals
Therefore, to support multiple services within one system, NR needs to multiplex different traffic and thus the fast carrier switch operation can be essential for dynamic multiplexing between multiple services of NR.
Observation 2: Because NR aims to support and multiplex multiple services within one system for instance URLLC and eMBB (optionally mMTC), the carrier switching due to the traffic arrivals from different service can occurs more frequently.
3 Conclusion
In this contribution, we discuss the needs of fast carrier switching in multi-carrier scenarios. As shown in Figure 1, the number of activated CCs is increased, the latency can be degraded due to the carrier switching delay which occurs more frequently. Fast carrier switch on/off mechanism is needed more to be supported for utilizing a larger number of activated CCs to support higher capacity. 
Beside the number of activated CCs, the traffic arrivals can affect the frequency of the carrier switching event. To support multiple services within one system, the fast carrier switch operation is needed for multiplexing traffic of different service as shown in Figure 2.  
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