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CA is a very important feature to boost system throughput since LTE. During RAN Rel-18 workshop, companies raised various enhancements for Rel-18 CA, e.g., enhanced UL Tx switching, flexible association of DL and UL carrier, etc. [1]. Based on the workshop discussion, it seems both flexible association of DL and UL carrier mentioned in [2] and multi-band serving cell mentioned in [3] provide similar functionalities. 
In this contribution, we provide some high level analysis and comparison for these two potential enhancements for Rel-18 CA.
Discussion
Flexible association of DL carrier and UL carrier means the DL carrier and UL carrier of one cell can come from different bands. For example, one Cell may consist one DL carrier from 3.5 GHz and one UL carrier from 2.1 GHz. 
· Currently, the number of UL carriers for each UE is equal or smaller than the number of DL carriers. However, for UL centric traffic, supporting such a large number of DL carriers may not be necessary and will cause power waste. Flexible association of DL carrier and UL carrier can support more UL carriers than DL carrier for one UE. For example, UE supports carrier aggregation between Cell 1 and Cell 2. Cell 1 consists of one DL carrier from 3.5 GHz and one UL carrier from 3.5 GHz. Cell 2 consists of one DL carrier from 3.5 GHz and one UL carrier from 2.1 GHz. In this case, one physical DL carrier @3.5GHz and two UL carriers @2.1 GHz and 3.5 GHz is supported.
· Furthermore, flexible association of DL carrier and UL carrier can be used to handle special requirements in some areas. For example, if only UL is allowed in one band X, flexible association of DL carrier and UL carrier can associate such band X with other band that supports DL.
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Figure-1: Flexible association of DL carrier and UL carrier
Based on company’s input [3], multi-band cell refers to a serving cell with multiple active DL&UL BWPs where each BWP is mapped within a carrier of contiguous bandwidth. For example, one serving cell consists of two DL BWPs and two UL BWPs, where one pair of DL BWP and UL BWP is from 2.1 GHz and another pair of DL BWP is from 3.5 GHz. The potential benefits of multi-band cell is as following, 1) BWP-based carrier switching and aggregation; 2) L1/L2 overhead reduction; 3) simplified mobility management.
Below is a brief comparison between flexible association of DL carrier and UL carrier and multi-band cell.
Observation 1: Brief comparison between Flexible association between DL carrier and UL carrier and Multi-band cell is as following.
	Item
	Flexible association between DL carrier and UL carrier
	Multi-band cell 
(The following summary is based on some of the contributions submitted in Rel-18 workshop, e.g., [1], [2], [3])

	Brief introduction
	CA based solution, where DL carrier and UL carrier of one cell can come from different bands. One specific example is that multiple cells share the same physical DL carrier.
	A serving cell with multiple active DL&UL BWPs where each BWP is mapped within a carrier of contiguous bandwidth.

	PRACH
	If flexible association between DL carrier and UL carrier is supported for IDLE UE and multiple UL carriers are associated with the same DL carrier, then UE can perform dynamical selection of UL carrier for initial access.
	If Multi-bad cell is supported for IDLE UE, UE can perform dynamical selection of UL carrier for initial access.

	L1 overhead reduction
	Multiple UL carriers can share the same physical DL carrier, thus they can share the same common signalling (SSB/OSI/paging);
Note: In Rel-15/Rel-16 intra-band CA, SSB is optional for SCell. Similar approach can be extended to inter-band CA.
One DCI scheduling multiple DL/UL carriers based on CA framework if supported in Rel-18.
	Common signalling (SSB/OSI/paging) in one band;
One DCI scheduling multiple DL/UL carriers if supported in Rel-18;

	L2/L3 overhead reduction
	If multiple UL carriers share the same physical DL carrier and share the same DL configuration, then the L2/L3 overhead can of course be reduced.
	Mobility and RRM signalling overhead can be potentially reduced.

	Switching
	Fully reuse the existing CA cell activation/deactivation framework without any new requirements. With Rel-18 enhanced efficient SCell activation or Rel-17 dormant BWP framework, the SCell activation can be relatively small, e.g., less than 10ms.
	BWP switching mechanism can be used for carrier switching. Currently, the BWP switching delay is 1ms-3ms for individual BWP switching. However, the switching delay will be largely increased if multiple BWPs are switched simultaneously. Also, new requirements for switching may be needed if UE supports multiple active DL&UL BWPs in one cell.

	Simultaneous UL transmission
	Fully reuse the existing framework, e.g., the existing PUCCH multiplexing and HARQ-ACK process can be fully reused. 
	New UE behaviours may be needed to specify the simultaneous UL transmission in one cell. For example, whether and for which channel simultaneous UL transmission is allowed or not.

	Scheduling
	Self-scheduling and cross-carrier scheduling can be reused. 
	The current scheduling mechanism may need to be enhanced for, e.g., more than 4 BWPs per cell.
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« cell1+cell2 CA==>more UL physical carriers than DL physical carrier
« cell2 ==> special carrier requirement in band3
* cell3 ==> different requirement in DL&UL
(e.g. high throughput req in DL and larger coverage req in UL)
Note: each cell is a normal cell which can work independently




