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1. Introduction
In 3GPP TSG RAN Rel-18 workshop Electronic Meeting, flexible spectrum integration was raised for efficient utilization of multiple fragment spectrum blocks with small bandwidth [1-6].
Quite a few companies expressed that they prefer to reuse the legacy CA framework and also quite a few companies think more clarifications are needed. 
In this contribution, the motivation/requirement of flexible spectrum integration and some potential solutions based on CA framework enhancement are analyzed below. 
2. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Discussion
[bookmark: _GoBack]2.1 Flexible carrier utilization
Based on current CA framework, the network can configure downlink and uplink carrier frequency separately, while with the following restrictions. 1st restriction is that DL and UL physical carrier frequency for one cell is from the same band, and 2nd restriction is that one DL physical carrier cannot be associated with multiple UL physical carriers
Flexible carrier utilization based on the existing CA framework is mainly to remove the above restrictions. Thus, it is mainly to support the following:
1） To configure one cell with DL and UL carrier from different bands;
2） To configure more UL carriers than DL carriers;  

To support UL-heavy traffic, e.g., machine vision, and using UL carriers in the UL only band, or to satisfy different requirement in downlink and uplink, e.g. higher throughput requirement in DL and larger coverage requirement in UL as described in flexible spectrum integration, flexible D/U frequency association based on CA enhancement can be considered. As shown in Figure 1, (1) More UL carriers than DL carrier can be achieved by using shared DL carrier for multi UL carriers, i.e. Cell#1 + Cell#2; (2) DL throughput and UL coverage can be guaranteed simultaneously in one cell by association of DL @higher frequency with UL @lower frequency from different bands, i.e. Cell#3;
For shared DL carrier for multi UL carriers, the benefits are listed below compared with traditional CA. Firstly, flexible association is useful for the UL-only band to be configured as one cell. Secondly, shared DL carrier for the multi UL carriers in the UL-only band is better than traditional CA if the multi UL carriers in the UL-only band are configured with different DL carriers but unused, since CCS is an optional feature while self-scheduling is mandatory. Thirdly, in case different unused DL carriers are associated with each UL carrier in the UL-only band, some additional UE power/complexity are expected, i.e. time/frequency tracking. Because in this case, multiple UL carriers can share the same measurement/synchronization information from one physical DL carrier. With legacy CA, UE has to perform measurements on all DL carriers corresponding to each UL carrier. 
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Figure 1 Examples of flexible association
Observation 1: Flexible carrier utilization by flexible D/U frequency association should be considered in Rel-18 CA/DC.
There were some concern raised for band or band combination RF requirements for this flexible carrier utilization, here we want to emphasize that it’s not necessary to define new bands or band combinations and corresponding RF requirements for flexible cell configuration if DL and UL spectrum paring of flexible cell has already been supported in certain band combinations and that band combination has already been indicated to support the simultaneous Rx/Tx capability. Otherwise it would be necessary to define new band for such kind of band pairing. More details on RAN4 RF part could be found in the contribution [10].

2.2 Overhead reduction
Overhead reduction is desirable for multiple fragment spectrums with small bandwidth. For multiple fragment spectrums with small bandwidth, overhead in L1/L2/L3 are increased with the number of aggregated cells, which is based on current CA framework. Then overhead in L1/L2/L3 and cell management need to be reduced to improve spectrum efficiency.
For L2/L3 overhead reduction, signaling overhead optimization in CA/DC are considered in [7].
For L1 overhead reduction, solutions as SSB/SIB/Paging only on one carrier, multi-carriers/slots scheduling by single DCI can be also used/considered in CA framework.
For cell management, although multi-carriers in one cell can reduce the number of cells to be managed, the multi-carriers which can be in one cell are frequency-neighbored which may be simplified managed by using same/similar measurement/synchronization/configuration. With the same conditions, simplified cell management can be also achieved by CA enhancement with cell bundling management.
Observation 2: Overhead reduction for multiple fragment spectrums with small bandwidth should be considered in Rel-18 CA/DC.
2.3  Idle/Inactive state performance enhancement
Motivation for DL is higher throughput for broadcast traffic, while for UL is multi-carriers load distribution for IDLE/INACTIVE UE, e.g. avoid the PRACH/Msg3 collision or for faster access. 
Currently, CA can be only used in RRC connected state. For DL, it means broadcast traffic in IDLE/INACTIVE state will be restricted only on PCell. Higher throughput for broadcast traffic can be achieved if multi-carriers can be used in IDLE/INACTIVE state. For UL, PRACH/msg3 cannot be off-loaded since only PCell is valid in IDLE/INACTIVE state. Carrier selection for load balance to reduce PRACH/msg3 collisions is beneficial for IDLE/INACTIVE state UL performance enhancement. In another aspect, carrier selection is also beneficial for faster access due to selecting the carrier with best channel quality. 
As a result, it may be better to support more than one DL cells in IDLE/INACTIVE state. E.g. broadcast on multi-cells as shown in Figure 2, and to support more than one UL cells in IDLE/INACTIVE state. As shown in Figure 3, SSB/SIB/Paging are transmitted on PCell. One cell (either PCell or SCell) can be selected by UE for PRACH/Msg3 transmission. This is also aligned with requirement of overhead reduction and gNB power saving. This is similar as PCell and SCell in CA framework and can be considered in CA/DC enhancement if necessary.
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Figure 2 More than one DL cells in IDLE/INACTIVE state
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Figure 3 More than one UL cells in IDLE/INACTIVE state
Observation 3: IDLE/INACTIVE state performance enhancement can be considered in Rel-18 CA/DC enhancement if necessary.
2.4 Faster spectrum utilization
In some scenarios, UL CA capability for UE is limited, especially for handheld devices. UL data rate and throughput improvement, UL load balance and interference coordination are updated by RRC (re)configuration, which is inefficient for event-triggered UL video. [8-9]
For UE with 2 TX RF chains, if more than two bands are configured, only utilizing one or two of those bands for concurrent PUSCH data transmission with only 2 concurrent TX RF chains can only be based on RRC (re)configuration. In order to achieve higher UL data rate and throughput by switching to different TDD band with different TDD configuration or an FDD band with the best quality carrier faster and flexibly, some dynamic selection mechanism can be considered. Such as configuring more UL carriers than what UE RF can support and dynamic selection some of them for UL transmission. As shown in Figure 4, UE with UL capability of 2 CCs can be configured with 4 CCs, and UE can be quickly switched to {CC0, CC2} from {CC0, CC1}. In this case, the UE can be activated and scheduled on more than two bands while only utilizing one or two of those bands for concurrent PUSCH data transmission with only 2 concurrent TX RF chains. While, the benefits are not well justified so far and more evaluation to justify the additional gains are needed compared to the existing Scell activation/de-activation and Tx switching mechanism. As a result, this feature can be considered with low-priority in Rel-18.
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Figure 4  CCs changed within the configured CCs
In another scenario of TDD CA with UL carrier/band capability not larger than the UE capability, carrier switching is needed for latency-sensitive traffic also with high capacity requirement. Such as one TDD cell is configured as DDDDDDDDSU, the other TDD cell is configured as DSUDDSUUDD, there are some timing restrictions on HARQ-ACK and (re)transmission for the URLLC traffic also with high capacity requirement based on current CA framework.
The potential solutions may comprise cross carrier retransmission, cross carrier repetition and dynamic HARQ-ACK carrier switch. For cross carrier retransmission/repetition and dynamic HARQ-ACK carrier switch, these enhancements can be included in URLLC enhancement or CA/DC enhancement.
Observation 4: Faster spectrum utilization can be considered with low-priority in Rel-18 CA/DC for configuring more candidate UL carriers than its UE capability. Cross carrier retransmission/repetition and dynamic HARQ-ACK carrier switch can be included in Rel-18 URLLC or Rel-18 CA/DC.
2.5 Power saving
Power saving for network/UE configured with multiple carriers are always beneficial. For gNB, deep sleeping for unused carrier (i.e. no SSB) is useful for power saving. For UE, faster adding/releasing carriers/SN is useful for power saving and traffic adaptation.
For gNB, SSB/SIB/Paging only in one carrier is beneficial for power saving and also beneficial for overhead reduction, and it is already supported in intra-band CA. Extend this to inter-band CA has smaller spec impact. 
For UE, SCell activation and SCell dormancy for power saving have already been specified in Rel-15 to Rel-17. For multi-carriers in one cell, using BWP switching to achieve carrier on/off with same effectiveness as SCell activation in CA is proposed. But this is also based on the conditions mentioned in section 2.2, measurement and AGC adjustment can be saved compared with SCell activation. While, with the same conditions for CA, enhancements on SCell activation or SCell dormancy can be also considered to achieved faster and more efficient power saving, i.e. faster SCell activation without measurement and AGC adjustment, or enhanced SCell dormancy without measurement and signal reception. And there is also a similar topic of “Fast SCell/SCG setup/activation” in CA/DC item [7].
Observation 5: Power saving for network/UE configured with multiple carriers can be considered in Rel-18 power saving or Rel-18 CA/DC.
2.6 Mobility simplification
Motivation 1: simpler and faster handover.  
As mentioned in [6], if multi-carriers in one cell is introduced, mobility simplification can be also achieved. The mainly benefit is not needed of SCell releasing/adding and RRM in each cell. 
Firstly, regarding measurement/RRM/RLM/synchronization (SSB)/SIB/paging in one carrier, this is workable only in case different carriers share similar channel condition. But CA framework is for all case including same or different channel conditions. If with the same conditions as mentioned in section 2.2, RRM only in one cell can be also workable with SSB/SIB/Paging only on PCell in CA framework.
Secondly, regarding simpler and faster handover due to multi-carriers in one cell, it can avoid SCell adding/releasing/activation/deactivation procedure, faster handover due to no need of removing SCell before handover, avoid measurement or synchronization of multi-carriers that are close to each other. For CA framework, SCell deactivation before handover can be also optimized and further signaling overhead optimization can also be considered in CA/DC item [7] to achieve faster handover.
If using CA enhancement to achieve the same requirement, maybe the only enhancement is that SSB/SIB/Paging only on PCell is supported for inter-band CA which are frequency-neighbored.
Motivation 2: simpler and faster switching of the carrier for SSB/SIB/Paging for load balance
As mentioned in [6], if multi-carriers in one cell is introduced, the carrier for SSB/SIB/Paging can be changed simpler and faster based on BWP switching. The mainly benefit compared with CA is no need of RRC based PCell changing in CA framework.
BWP switching can be used for simpler and faster load balance with TTI level compared with RRC based PCell changing in CA framework. Firstly, since the multi-carriers in one cell share the similar channel condition, PCell change frequently with faster switching seems not attractive. The motivation of simpler and faster switching of the carrier for SSB/SIB/Paging for load balance is not reasonable. Secondly, for the same requirement for other purpose of improving the interruption time, there is also a similar topic of “Fast role change in CA/DC” in [7].
Observation 6: Mobility simplification for UE configured with multiple carriers can be considered in Rel-18 mobility.
Based on above observations, the proposal is as following.
Proposal 1: For flexible spectrum integration, at least the following requirements are necessary and should be included in CA/DC enhancements item.
· Flexible D/U frequency association
· Overhead reduction for multiple fragment spectrums with small bandwidth
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In this document, the motivation/requirement and some potential solutions/topics for flexible spectrum integration in NR towards Rel-18 are described. The observations and the proposal are as follows.
Observation 1: Flexible carrier utilization by Flexible D/U frequency association should be considered in Rel-18 CA/DC.
Observation 2: Overhead reduction for multiple fragment spectrums with small bandwidth should be considered in Rel-18 CA/DC.
Observation 3: IDLE/INACTIVE state performance enhancement can be considered in Rel-18 CA/DC enhancement if necessary.
Observation 4: Faster spectrum utilization can be considered with low-priority in Rel-18 CA/DC for configuring more candidate UL carriers than its UE capability. Cross carrier retransmission/repetition and dynamic HARQ-ACK carrier switch can be included in Rel-18 URLLC or Rel-18 CA/DC.
Observation 5: Power saving for network/UE configured with multiple carriers can be considered in Rel-18 power saving or Rel-18 CA/DC.
Observation 6: Mobility simplification for UE configured with multiple carriers can be considered in Rel-18 mobility.
Proposal 1: For flexible spectrum integration, at least the following requirements are necessary and should be included in CA/DC enhancements item.
· Flexible D/U frequency association
· Overhead reduction for multiple fragment spectrums with small bandwidth
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