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1. Introduction

During RAN Rel-18 workshop, companies raised views and proposals on this topic [1~6] which have much commonalities, e.g., considering multiple bands as one serving cell to reduce overhead from control signalling or flexible utilize spectrum on demand, etc. Based on the workshop discussion, [7] identified the topic of "Flexible spectrum integration" as follows, 
14. Additional RAN1/2/3 candidate topics, Set 1:

· UE power savings

· Enhancing and extending the support beyond 52.6GHz

· CA (Carrier Aggregation)/DC (Dual-Connectivity) enhancements (e.g., MR-MC (Multi-Radio/Multi-Connectivity), etc.)

· Flexible spectrum integration

· RIS (Reconfigurable Intelligent Surfaces)

· Others (RAN1-led)

During the additional guidance on RAN Rel-18 email discussion [8], many companies show interest in flexible spectrum integration, but companies have divergences and controversial issues. In this contribution, we provide the updated views on Rel-18 flexible spectrum integration based on the outcome of RAN Rel-18 workshop and email discussions to show our considerations.
2. Discussion on the outcome of email discussion
The summary of company views in the pre-meeting email discussions and moderator proposals are shown in [8] as follow:
Flexible spectrum integration: Companies have divided views on the need for introducing a new framework to efficiently/flexibly utilize spectrum. One group of companies are claiming “obvious benefits” while another group of companies are saying that the benefits over the existing CA framework are not clear. The following items were proposed for flexible spectrum integration during the email discussions.
· Decoupling of uplink and downlink bands for UEs in CONNECTED, INACTIVE, IDLE mode for various cellular operations (initial/random access, paging, PDSCH/PUSCH transmission, etc) (RAN1, RAN2, RAN4)

· Improved BWP switching and activation/deactivation procedure for non-contiguous frequency resources in different bands (RAN1, RAN2, RAN4)

· Overhead reduction including PDCCH in one band scheduling multiple bands, SSB/SIB in one band providing synchronization and system information for multiple bands (RAN1, RAN2)
Proposal: For flexible spectrum integration, continue RAN discussions to converge on the need for introducing a new framework in addition to the existing CA framework.
In the email discussion, many companies show comments which are summarized as follows:
· Solution and benefits
· The necessity of a new framework in addition to the existing CA framework
· The impact of flexible spectrum integration on UE complexity

· Backward compatibility issues
In the following, we will clarify our solution and consideration for each above item:
Solution and benefits

· Flexible pairing of uplink and downlink bands for UEs: 

· Rel-17 baseline: For IDLE mode, a UE performs initial access on 1 DL carrier and 1 UL carrier from the same band (camped cell) or 1 SUL band. For connected mode, a UE works on the serving cell with  1 DL and 1 UL carrier from the same band, probably with one additional SUL band.

· Rel-18 proposal: In IDLE mode, UE can perform initial access on a pair of uplink and downlink carriers which are on the same or different bands and flexibly paired based on the SSB/SIB in one band carrying multi-bands information (including PRACH), without introducing many cells for each pair of uplink and downlink carriers.  After initial access, the UE can be operated on the same pair of uplink and downlink carriers, without aggregating any other carriers/bands.
· Benefits: Better coverage, access delay reduction, less reconfiguration, load balance and network flexibility.
· Improved BWP switching and activation/deactivation procedure in different bands: 

· Rel-17 baseline: Before use the BWP on a deactivated SCell, SCell activation is required. Although temporary RS is introduced in Rel-17, the SCell activation delay is about 10 ms, including HARQ-ACK, synchronization and measurement procedure.

· Rel-18 proposal: Since the neighbour bands can share the same synchronization and similar channel states as a serving cell, similarly to BWP operation, activation procedure does not require synchronization as well as measurement for AGC settling, by applying the related information of one active band to the activating band.  Thus, the delay of activating BWP on another band can be significantly reduced, e.g., to 1~3 ms.

· Benefits: Reduce the activation latency, achieve instant wideband transmission, and thus improves user perceived data rate; UE power saving because some BWPs can be deactivated when there is no traffic
· Overhead reduction including PDCCH and SSB/SIB: 

· Rel-17 baseline: For PDCCH, one DCI schedules one carrier/band. For SSB/SIB, every carrier/band needs to transmit SSB/SIB for synchronization and enabling initial access. Although gNB can decide not to send SSB/SIB in some bands based on Rel-17, it also prevents the UE random access on these bands/carriers and these bands/carriers without SSB/SIB cannot be PCell for UEs.
· Rel-18 proposal: For PDCCH, one DCI schedules multiple carriers/bands. For SSB/SIB, only one of multiple carriers/bands transmits SSB/SIB carrying the info of multiple bands. Since the neighbour bands share the same synchronization and the SSB/SIB carries the info of multiple bands as a serving cell, UE can obtain synchronization to all bands, and can perform initial access on any band or decoupling UL/DL bands.
· Benefits: Reduce overhead thus increase spectrum efficiency; UE and NW power saving thanks to less signalling monitoring, time/frequency tracking and signalling transmission.
More detailed solution and performance gain over Rel-17 can be found in Appendix A.3 and A.5, respectively.
The necessity of a new framework in addition to the existing CA framework
For initial access where one SSB/SIB in one band carries multi-band information (including PRACH), and UE performs a selection of different bands for DL and UL in initial access. It is clear that this does not exist under the CA framework, since CA is only defined in connected mode as aggregation of multiple serving cells. Furthermore, according to the following PCell definition and cell definition, initial connection establishment cannot be performed on SCell but only on a PCell. Therefore, single cell framework can naturally reuse the exiting definition and procedures of cells for initial access.
Cell: Combination of downlink and optionally uplink resources. The linking between the carrier frequency of the downlink resources and the carrier frequency of the uplink resources is indicated in the system information transmitted on the downlink resources. [36.300]
Primary Cell: The MCG cell, operating on the primary frequency, in which the UE either performs the initial connection establishment procedure or initiates the connection re-establishment procedure. [38.331]
Once a UE has accessed to the network in the way of flexible pairing of uplink and downlink carriers, the UE should be able to continue operating with a PCell served on the same paired uplink and downlink carriers. A SCell with additional downlink carrier is not a necessity for the UE because it requires a higher UE capability to support DL bandwidth aggregation. Therefore, a single PCell is sufficient for the UE to be operated, which obviously does not belong to CA framework.

Adding more bands with DL and/or UL in that serving cell should then be a straightforward extension. Even if the overhead reduction gains (PDCCH overhead reduction, SSB/SIB overhead reduction) could be pursued under the CA framework, there are still differences:
· One serving cell solution can support flexible pairing of UL/DL band naturally, including pairing of 1 UL + 1 DL and pairing of 1 DL + multiple UL/SUL, while CA framework does not support a cell without DL but with UL only.
· No neighbor relationship is needed to be configured for multi-bands of one serving cell, while neighbor relationships are needed for CA framework. Neighbor relationship between cells is used for handover, load balance, and mobility management. Therefore, one serving cell solution can simplify O&M.
· Although gNB can decide not to send SSB/SIB in some bands under multiple cell framework, it also prevents the UE random access on these bands/carriers and these bands/cells without SSB/SIB cannot be PCell for UEs. Random access on a band/carrier without SSB/SIB needs the UE applies information from one band/carrier to another, which can’t be support in idle mode for CA framework.
The impact of flexible spectrum integration on UE complexity
The solution of one serving cell does not require changes to the 3GPP definitions of band and carrier. UE can reuse the same RF architecture as the legacy CA and reuse the existing RAN4 UE requirements as much as possible. In addition, one cell solution has at most one active BWP per carrier as the same as the legacy CA. Therefore, flexible spectrum integration has no extra UE complexity compared to the legacy CA.
More details can be found in Appendix A.4
Backward compatibility issues
· For no common signaling in some bands: How to support legacy UE is not a new problem, and currently many operators choose one SSB/SIB1 deployment using one low-frequency band for network power saving. Whether legacy UEs need to access those bands depends on the deployment and operators. If the operator expects that legacy UEs are able to access to each band, then the operator can decide to send common signaling in those bands. In this case the overhead savings are lower. However, Rel-18 enhancement could provide flexibility for deployment and operators , e.g., for spectrums re-farmed from LTE, there may be no need to send common signaling as no legacy NR UEs may support this spectrum for NR. The benefits can be obtained at least for the greenfield deployments for NR.
· For one cell of multiple bands with flexible pairing of UL/DL: Serving cell is a definition from UE perspective. The new UEs can be aware of the cell of multiple bands while the legacy UEs still consider the legacy cell of one band if operator wants that legacy UEs are able to access that band. The new cell of multiple bands is transparent for legacy UE. Thus it does not cause the backward compatibility issue.

3. Conclusions
Overall, flexible spectrum integration with multi-band serving cell is able to flexibly and efficiently utilize neighbouring non-contiguous spectrum from the perspective of L1/L2/L3 signalling, procedure and cell management. It benefits UEs for all RRC mode, including CONNECTED, INACTIVE, IDLE mode, which improves user perceived data rate, power saving, system capacity and coverage. It also simplifies network management complexity and improves energy efficiency. 

Based on the above discussion, we have the following proposal to aggregate non-contiguous carriers to one wideband serving cell, 
Proposal: Specify mechanisms for configuring one serving cell over non-contiguous carriers from one or multiple bands [RAN1/2/4], 
· Support multiple active DL&UL BWPs in the serving cell for a UE where each BWP is mapped within a carrier of contiguous bandwidth (RAN1, RAN2, RAN4)
· Flexible pairing of uplink and downlink bands for UEs in CONNECTED, INACTIVE, IDLE mode for various cellular operations (initial/random access, paging, PDSCH/PUSCH transmission, etc) (RAN1, RAN2, RAN4)
· Improved BWP switching and activation/deactivation procedure for non-contiguous frequency resources in different bands (RAN1, RAN2, RAN4)

· Overhead reduction including PDCCH in one band scheduling multiple bands, SSB/SIB in one band providing synchronization and system information for multiple bands (RAN1, RAN2)
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Appendix A
A.1. Scenarios
By looking at the available 1.4~2.6 GHz spectrum of 63 operators, Figure 1 shows the distribution of FDD carrier bandwidth as well as the number of FDD carriers owned by each operator. It can be observed that the bandwidth of 95% contiguous spectrum is no larger than 30 MHz, and 90% operators own spectrum in more than one 1.4~2.6 GHz FDD band. 
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Figure 1. Non-contiguous FDD spectrum over 1.4~2.6GHz spectrum of 63 operators

Similarly, Sub1-GHz (700/800/900 MHz) spectrum also faces the same problem. Figure 2 shows the status of non-contiguous FDD spectrum over sub1-GHz spectrum of 63 operators. It can be observed that the bandwidth of 93% contiguous spectrum is no larger than 15 MHz, and 71% operators own spectrum in more than one sub1-GHz FDD band. 
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Figure 2. Non-contiguous FDD spectrum over Sub1-GHz (700/800/900MHz) spectrum of 63 operators

Although these FDD bands are distributed non-contiguously in the spectrum, the aggregated bandwidth by combining these bands together is considerable. Figure 3 shows the comparison between the aggregated bandwidth of FDD carriers and the bandwidth of C-band TDD carrier. It can be observed that the aggregated FDD carriers can provide similar DL bandwidth and 2.4 times UL bandwidth than C-band TDD carrier. More important, sub-3GHz spectrum has coverage advantages. 
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Figure 3. Comparison between the aggregated bandwidth of 1.4~2.6 GHz carriers and the bandwidth of C-band carrier
In addition to the above FDD bands, there are multiple SUL bands (e.g., n97, n98, n95 etc.) in Sub-3GHz which can be used to improve UL coverage and capacity for operators. 
These discrete neighbor bands are closely-located and have same duplex, similar coverage, thus usually be deployed at the same site. Based on this, these carriers can share similar frequency/timing information, pathloss, coupling loss, RSRP, QCL, etc., like a serving cell of a contiguous carrier. 
How to more efficiently and more flexibly utilize those discrete bands to meet the increasing ToB and ToC demand is important and attractive to mobile operators. Therefore, the scenarios mainly focus on 

· Neighbor bands such as 700/800/900M or 1.8/2.1G. Intra-band for FR2 and FR1 can be also considered. 
· Same duplex, co-located deployment.
A.2. Motivation
Up to Release 17, CA and SUL are two legacy solutions for operators and terminals to operate with multiple bands. The existing CA mechanism treats each carrier as an independent serving cell and assumes that each carrier is deployed independently. However, neighbor bands or intra-band carriers are closely-located and could be deployed at the same site. As a result, these carriers can share similar frequency/timing information, pathloss, coupling loss, RSRP, QCL etc., like a serving cell of a contiguous carrier. Specifically, simplified network and/or UE behavior can be exploited, e.g. the time-frequency synchronization, QCL, etc. from one carrier can be used for another carrier of the serving cell. Independent management of each of these carriers will lead to the following efficiency loss.

· Independent management of each of these carriers leads to unnecessary overhead, such as independent control signalling, common signalling etc.

· Independent management of each of these carriers leads to unnecessary procedure and delay, such as synchronization, SCell adding/releasing/activation/measurement/mobility, etc.

 In addition, CA mechanism and current SUL mechanism have the following flexibility restrictions

· CA mechanism only benefits the UEs in Connected mode, i.e., completing RRC connection with the network, but not the UEs in Idle mode/inactive mode (e.g., initial access). 

· CA mechanism just support the case that the number of DL bands is larger than or equal to the number of UL bands. It does not support the case that the number of DL bands is smaller than the number of UL bands.

· Current SUL mechanism only support one SUL carrier.

Based on the above consideration, in general, more flexible and efficient mechanism is desired in utilization of discrete carriers to build a similar experience to a contiguous wideband carrier for both CONNECTED UEs and IDLE/INACTIVATE UEs, from the perspective of L1/L2/L3 overhead reduction, procedure optimization and cell management simplification. 
A.3. Potential Solution and Benefits

As shown in Figure 4, multi-band serving cell is proposed to aggregate multiple non-contiguous intra-band and inter-band carriers into one serving cell. Through this way, it can benefit both CONNECTED UEs and IDLE/INACTIVATE UEs, from the perspective of L1/L2/L3 overhead reduction, procedure optimization and cell management simplification. And it can also achieve flexible pairing of UL/DL bands (e.g., a UE configured with UL carrier from Band x while DL carrier from Band y, and/or more UL carriers than DL carriers) and thus flexible spectrum utilization on demand for operators.
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Figure 4. Multi-Band Serving Cell (MB-SC)
Mechanism and benefits for UEs in idle/inactive state:
In MB-SC, for UEs in IDLE/INACTIVATE state, system information (e.g. SSB, SIB, RMSI and OSI) and paging of a serving cell can be broadcasted only in one of the multiple DL carriers within the serving cell. The system information includes necessary information (e.g. frequency, bandwidth, SCS, RACH resource, etc.) of each carrier. Thus, all carriers are visible and reachable by UE. Based on the SSB and SIB, UE can choose any one of the UL carriers for initial access, as shown in Figure 5, without SCell addition and activation procedures. Through this way, MB-SC can reduce the overhead of common signalling, achieve load balancing on different UL carriers, reduce the access delay, and improve the network flexibility and even energy efficiency. 
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Figure 5. MB-SC for UE in IDLE/INACTIVATE state

Mechanism and benefits for UEs in connected state:
UEs in CONNECTED state can utilize the frequency resources from multiple bands in a way like one serving cell. 

Firstly, the network can control UE’s RF and baseband within a carrier for power saving when there is no traffic transmission. This carrier can provide basic signalling for UE synchronization and channel measurement. Multiple BWPs at multiple bands can be configured to the UE. Thanks to the neighbour bands in a cell which share the same synchronization and have similar channel states, 1~2ms BWP-based operation (e.g. BWP activation and switch) can be used to fast adapt UE’s RF and baseband for aggregating multiple carriers to achieve high data rate when bursty traffic arrives, as shown in Figure 6. Different from SCells activation/de-activation, there is no procedure or latency for SCell search, time and frequency synchronization as well as RSRP measurement for AGC settling, etc. This reduces the latency, achieves instant wideband transmission, and thus improves user perceived data rate. 
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Figure 6. BWP-based instant wideband transmission in a serving cell 

Furthermore, single PDCCH can be used to schedule the transmissions on multiple bands for overhead reduction.

Besides, MB-SC can bring the natural benefits of the mobility management without additional specification impacts. To be specific, the inter-cell mobility is simplified through replacing “the operation of RRM on each carrier and the addition/releasing procedure of the SCell” by “one carrier RRM and one serving cell handover”. And, based on that neighbour bands share synchronization and similar channel states as explained in the above, intra-cell BWP-based operation (e.g., BWP configuration or BWP switching) can be used to replace PCell inter-frequency handover procedure in CA framework. Through this way, TTI-level load balancing can be achieved and the mobility interruption delay can be reduced. Finally, the complexities of cell management and O&M are reduced thanks to the reduction of serving cells.
Mechanism and benefits for Flexible pairing of UL/DL bands:
MB-SC can naturally achieve flexible pairing of UL/DL bands in idle, inactive and connected state, since multiple bands belong to one serving cell. Figure 7 shows an example of flexible pairing of UL/DL bands. 

· Firstly, the gNB broadcasts the configuration of at least Band x DL, and at least Band x and Band z UL, including PRACH. 

· Then, the UE chooses the UL band based on RSRP or traffic, and transmits preamble on the corresponding PRACH for initial access. 

· After initial access, the UE directly works on the chosen decoupled 1 DL band and 1 UL band in connected state.
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Figure 7. Flexible pairing of UL/DL bands
Flexible pairing of uplink and downlink bands for UEs have the benefits for better coverage, congestion reduction, less reconfiguration, load balance and network flexibility.
Another example is that gNB can configure multiple UL carriers within a serving cell to achieve more UL carriers than DL carriers, e.g., to satisfying the UL-heavy requirement.

A.4. Impact on UE complexity and power consumption
MB-SC does not require to change the 3GPP definitions of band, carrier, and serving cell shown in Appendix C. As shown in Figure 8, UE can reuse the same RF architecture as the legacy CA and reuse the existing RAN4 UE requirements as much as possible. In addition, MB-SC has at most one active BWP per carrier as the same as the legacy CA. Therefore, MB-SC has no extra UE complexity compared to the legacy CA.
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Figure 8. UE RF architecture

As shown in Figure 9, MB-SC benefits UE power consumption compared to the legacy CA due to the following reasons. 

· Comparing with the legacy CA where UE needs to perform RRM measurement, timing and frequency tracking, PDCCH monitoring for each band, the UE in both idle state and connected state just need perform one RRM measurement, timing and frequency tracking, PDCCH monitoring for multiple bands in MB-SC. 
· The latency of Scell activation/de-activation for legacy CA is ~10ms since it need SSB/RS reception for synchronization and RSRP info for AGC setting. Different from that, there is no need for SSB/RS reception for synchronization and RSRP info for AGC setting in MB-SC, thus BWP framework and similar delay (1~3ms) can be used since the time-frequency synchronization, QCL, etc. from one carrier can be used for another carrier in MB-SC. Therefore, MB-SC can fast switch off some BWPs/carriers for power saving when there is no traffic, while switch on the BWPs/carriers to achieve instant wideband transmission and achieve high data rate when burst traffic arrives.
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Figure 9. Benefit for UE power consumption
A.5. Initial performance evaluation

In this section, some initial performance evaluation results are provided from the perspective of capacity, user perceived throughput and mobility. 
Capacity performance:
In MB-SC, L1/L2/L3 overhead can be simplified, e.g. single PDCCH can schedule multiple bands instead of multiple PDCCHs being required to schedule multiple bands. Besides, single system information (e.g. SSB, SIB, RMSI and OSI), paging, RRM measurement resource, and TRS resource are shared for multiple carriers within one serving cell. The corresponding evaluation result of capacity is provided in Figure 10, for which detailed simulation assumptions can be found in the appendix B. It can be observed that MB-SC can achieve about 20% capacity gain compared with legacy CA. The performance gain comes from two parts, wherein one is single PDCCH scheduling multiple bands, and the other is the overhead reduction of common signalling. The first part gain is about 12.5%, and second part gain is about 6.9%.
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	Figure 10. Evaluation results for DL capacity


Observation 1: MB-SC can achieve about 20% capacity gain compared with legacy CA due to overhead reduction.
User perceived throughput performance:
In MB-SC, UE can fast adapt UE’s RF and baseband for instant wideband transmission based on BWP operation instead of SCell activation when bursty traffic arrives, i.e., no need for SSB/RS reception for synchronization and determining RSRP info for AGC setting, which can be derived from the other carrier in the serving cell. Therefore, the latency can reduced from 12ms to 1~3ms. The corresponding evaluation result of DL UPT is provided in Figure 11, for which detailed simulation assumptions can be found in the appendix B. The Baseline is legacy CA where SCell is de-activated for power saving in the absence of traffic and the SCell activation takes 12ms latency as soon as the traffic arrives. Comparing with baseline, MB-SC can achieve about 30% UPT gain thanks to the delay reduction.
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	Figure 11. Evaluation results for DL UPT


Observation 2: MB-SC can achieve about 30% UPT gain via instant wideband transmission compared with legacy CA.
Mobility performance:
For the legacy CA, the UE has to perform the PCell handover procedure to change the carrier among multiple non-contiguous spectrum deployed within one site, e.g. if the anchor carrier is congested. The interruption delay is about 68 ms from the gNB triggering handover to the UE completing the handover plus SCell activation as shown in Appendix B. For MB-SC, there is no need to change PCell and only 1-3 ms for BWP switching is required, which consequently has much lower interruption.

If UE moves from one site with multiple non-contiguous spectrum to another site with multiple non-contiguous spectrum, it needs to release SCells before the procedure of DAPS handover based on legacy CA. Therefore the UE can’t enjoy wideband throughput within 95 ms duration as shown in Appendix B. For MB-SC, the carriers can be regarded as an entity and the UE does not suffer the throughput loss during DAPS handover except for 1 ms interruption on source cell and 1ms interruption on target cell.
Observation 3: Compared with legacy CA, MB-SC can reduce the interruption delay for mobility within one site from about 70 ms to 2 ms, and the throughput loss duration for mobility between two sites from about 95 ms to 2 ms.
Appendix B
Table 1: System level simulation assumptions for single PDCCH
	Parameters
	Assumption

	Carrier frequency
	700/800/900 MHz

	Bandwidth 
	10 MHz

	SCS
	15kHz

	Inter-site distance
	500m

	Antenna
	4T2R

	Channel model
	SCM-UMA-3D

	IBLER of PDSCH
	10%

	Device deployment
	80% indoor, 20% outdoor 

	UE speeds of interest
	Indoor users: 3km/h

	
	Outdoor users (in-car): 30 km/h

	Traffic model
	Full buffer

	Scheduling algorithm
	PF

	NR UE number per cell
	10/15/20

	UE speed
	3km/h

	PDCCH symbols
	3

	DCI size (excluding CRC)
	Legacy DCI scheduling one carrier: 60 bits

	
	DCI scheduling 3 carriers: 132 bits

	Target BLER of PDCCH
	1% 


Table 2: Configuration assumptions for common signalling

	Parameters
	Assumption

	SSB 
	4 symbols& 20 RBs @20ms 

	TRS
	2 symbols&2 slots& wideband @20ms

	SIB1
	14symbols&48 RB @20ms

	OSI
	14symbols&16 RB @20ms

	Paging
	14symbols&16 RB @20ms

	CORESET0
	48RBs&2symbols @20ms


Table 3: Evaluation assumptions for UPT and power saving
	Common parameters
	Assumption

	Number of carriers
	3

	Carrier bandwidth
	10MHz

	Traffic model
	FTP3

	Packet size
	0.5Mbyte (36.872)

	RU
	20%

	Legacy CA with SCell (de-)activation
	Assumption

	Deactivate SCell condition
	No packet arrival within 100ms

	R17 SCell activation delay
	12ms

	MB-SC
	Assumption

	Switch to one band condition
	No packet arrival within 20ms

	The delay of switching back to multi-bands
	2ms


Table 4. Interruption delay for mobility within one site with non-contiguous spectrum for the legacy CA
	Procedures
	Delay

	Reception of RRC signalling for handover initiation
	16 ms (38.331)

Including SCell addition & releasing

	Interruption time
	30 ms (38.133)
Excluding cell search time since the new PCell is known

Including waiting for PRACH occasion

	2-step RACH procedure
	10 ms

gNB sending RAR

	SCell activation
	12 ms (R17 DSS discussion)

Excluding the signalling of adding and activating SCells, since it is sent with handover initiation

Excluding cell search time since the SCells are known

Using temporary RS for activation


Table 5. Duration of throughput loss for DAPS handover between two sites with non-contiguous spectrum for the legacy CA
	Procedures
	Delay

	DAPS handover delay 1
	46 ms (38.133)

Including RRC procedure delay
Excluding cell search time since the new PCell is known

Including waiting for PRACH occasion

	2-step RACH procedure
	10 ms

gNB sending RAR

	DAPS handover delay 2
	11 ms (38.133)

	SCell addition
	16 ms (38.331)

	SCell activation
	12 ms (R17 DSS discussion)

Excluding cell search time since the SCells are known

Using temporary RS for activation


Appendix C
The definitions in 3GPP of the related concepts in this paper:

· Carrier: The modulated waveform conveying the E-UTRA, UTRA or GSM/EDGE physical channels. [9]
· Cell: Combination of downlink and optionally uplink resources. The linking between the carrier frequency of the downlink resources and the carrier frequency of the uplink resources is indicated in the system information transmitted on the downlink resources. [10]
· Serving Cell: For a UE in RRC_CONNECTED not configured with CA/DC there is only one serving cell comprising of the primary cell. For a UE in RRC_CONNECTED configured with CA/DC the term 'serving cells' is used to denote the set of cells comprising of the Special Cell(s) and all secondary cells. [11]
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