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Introduction
Multiple carriers schemes are treated as efficient ways to increase user throughput and improve coverage, and have been introduce to LTE and NR. In additional to those features inherited from LTE, NR has extended the multiple carrier scheme to provide more flexible functions, such as UL switching, fast activation/deactivation of Scell, cross scheduling from SCell, multi-cell scheduling from single DCI etc, to improve transmission quality, spectrum efficiency and reduce scheduling overhead. 
In this contribution, we discuss the motivation of a more general framework for multiple carriers transmission to reduce multi-cell management overhead, the SUL enhancement and multi-UE scheduling for more efficient spectrum utilization.
General framework enhancement for multiple carriers transmission
Motivation for enhancement of current multi-carrier schemes
To meet the high data rate requirement of NR, wide bandwidth is desired, by aggregating multiple non-continuous carriers with small bandwidth or by using single continuous large bandwidth. It is more practical for FR1 to use the former method to achieve wide bandwidth. So multiple carriers operation will be important for FR1 to provide high throughput of UE. But current multiple carriers schemes have the following drawbacks.
· Lack of general multi-carrier architecture to achieve efficient IDLE/INACTIVE UEs mode offloading and IDLE/INACTIVE UEs mode carrier selection flexibility.  
Current CA scheme increases both uplink and downlink user throughput by aggregating at least 2 carriers for UEs, but it is only applied to RRC connected mode. Supplementary uplink operating on lower frequency band is introduced to complement coverage of paired or unpaired NR systems from initial access, but limited to only one SUL band. Currently, offloading is realized in the way that UE chooses a cell to camp on according to frequency priority, and offloading can only be realized by handover. In this case, it cannot help to solve congestion during initial access, and handover signaling due to offloading also brings a lot of system overhead. It also means UE can only choose PCell for initial access and flexible carrier selection can not be realized well. 
· Cell management overhead is high due to multiple cells operation of current CA framework. 
For example, there may be some carriers re-farmed from LTE, as shown in figure.1, the bandwidth may vary from less than 20MHz to 50MHz or even larger. These carriers with small bandwidth can be continuous or non-continuous, if they are all managed as independent cells, handover between cells or SCell addition/release will involve lot of RRC reconfiguration signaling, so the spectrum utilization efficiency will be low due to large cell management overhead on these precious low frequency bands.
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Figure.1 Example of re-farmed LTE spectrum
Therefore, enhancements are needed to overcome the above shortcomings, and to provide more a more flexible and efficient multiple frequency resource operation.
Observation: Enhancements to multi-carrier operation is needed to provide efficient and flexible IDLE/INACTIVE UEs mode multiple carrier operation and to reduce cell management overhead of existing CA framework.
Discussion of frequency combination based elastic cell
To realize efficient and flexible IDLE/INACTIVE mode multiple carrier operation, and at the same time, to reduce cell management overhead of existing CA framework, different frequency resources, regardless of intra-band, or inter-band, can be configured in a cell, named frequency combination based elastic cell. The elastic cell has the following characteristics,
· The multiple frequency resources are deployed co-located, they can be intra-band or inter-band resources.
· System information can be broadcast only on one of the multiple frequency resources, i.e., so called anchor frequency resource,  and one or more non-anchor frequency resources can be visible and accessed by UE , both anchor and non-anchor frequency resource can be selected by UE for initial access and data transmission. 
· SSB transmission on non-anchor cell can be configured by anchor frequency resource, e.g. non-anchor frequency resource can be configured with SSB-less or long SSB periodicity to reduce SSB overhead, UE can access non-anchor cell with less SSB overhead than current default SSB periodicity. 
· Idle/inactive UEs only need to monitor paging on anchor frequency resource.
· For connected mode, similar but more flexible behavior than CA is supported, for example, fast switching than CA can be achieved, since UE has all the SI information about multiple frequency resources in one elastic cell, L1/L2 based multiple frequency resources activation and deactivation can be studied, based on R18 L1/L2 mobility enhancement.
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Figure.2 frequency combination based elastic cell
This is an extension of SUL scheme as a universal solution for multiple carrier operation, for both  IDLE/INACTIVE mode and CONNECTED mode UEs, where resource selection for initial access in a cell is no longer limited to the carrier on SUL bands, but also can be the carriers on existing TDD/FDD bands, coupling of DL and UL bands can be more flexible. 
With frequency combination based elastic cell, cell management overhead will be largely reduced. Since multiple frequency resources constitute a single cell and UE can get system information for all the frequency resources within the elastic cell, handover among inter-cells under CA framework will transform to intra-cell switching of frequency resources. RRC reconfiguration signaling will be avoided. Neighboring cell configuration overhead will also be reduced since frequency resources in single elastic cell can share common configuration with anchor frequency resource. System broadcast signaling overhead can also be reduced when non anchor frequency resources are not served as Pcell for legacy UEs, since common system information, paging and even SSB can be broadcast only in the anchor frequency resource.
Another benefit is flexible offloading. Even when UEs camp on the same DL anchor frequency resource, they can initiate random access from different non anchor frequency resources, no need to wait until handover, offloading can be realized from initial access considering aspects such as traffic load, coverage, slice, service type, etc. As a result, system signaling overhead is reduced and spectrum efficiency is improved by frequency combination based elastic cell. 
Besides the management overhead reduction and flexible offloading benefit, the frequency combination elastic cell can also provide network energy saving gain. The reason is that without SIB/paging on non-anchor frequency resources, and with sparse SSB or even no SSB which can be configured by anchor frequency resources, gNB will have more chances to sleep on non anchor frequency resource. During R18 NES SI, NES cell without SSB/SIB is studied, where UE can receive SSB, system information and paging from anchor cell, while the access may occur only via anchor cell or also directly in the non-anchor NES cell. This is a similar concept as frequency combination based elastic cell proposed here except all the carriers are treated here as frequency resources, and they are operated in a single cell. Corresponding techniques is not further specified in R18 WI. But the power saving gain is evaluated during SI. The power saving gain is summarized as “In general, for SSB and/or SIB saved from one carrier of two carriers, 8 resources observed BS energy savings gain, by 5.1%~98.4% for empty load, 3.0%~58.4% for low load, and 1.0%~7.9% for light load, 0.3%~5.7% for medium load. When traffic load is low, network may turn off SCell for energy saving. The results are for FR1 only.” in section 6.2.1.2 of TR38.864.
For clear description of elastic cell and CA, we provide the following table for comparison,
Table 1. Function comparison between CA and elastic cell
	Functions
	CA
	Elastic cell

	Flexible initial access carrier selection and offloading
	Camping and access from Pcell
	Camping on anchor frequency resource, access from either anchor or non-anchor frequency resources

	Cell management 
	Each carrier is managed as one cell, handover between cells requires RRC reconfiguration and large handover delay than L1/L2 switching
	Multiple frequency resources constitute a single cell, switching among intra-cell frequency resources will be much faster than handover, overhead will be reduced.

	UE capability requirement
	UE has to support CA capability operation with multiple carriers
	Both single carrier or multiple carriers capability UEs can access to elastic cell, and benefit the flexibility of such framework

	SSB overhead reduction
	NES support SSB-less Scell operation for inter-band co-located CA in FR1, this is only for connected operation
	Anchor frequency resource can provide SSB configuration for non-anchor frequency resources, can be accessed by UE from IDLE/INACTIVE mode with sparse SSB than R15 default SSB periodicity

	DL and UL carrier coupling
	Fixed coupling between DL and UL
	Flexible DL and UL coupling among frequency resources in the elastic cell



Based on discussion above, we propose the following proposals,
Proposal 1: Study enhancements to support more general  multiple carrier/frequency resource utilization, applied to both IDLE/INACTIVE mode and CONNECTED mode.
Proposal 2: Study enhancements to simplify multiple carriers management effort and overhead.
Proposal 3: Frequency combination based elastic cell can be studied in R19 for multi-carrier enhancement.
SUL Enhancement
In current NR design, only one SUL can be configured in one serving cell. With fast deployment of 5G in China, more spectrum currently utilized by GSM, UMTS and LTE will be evolved into NR deployment recently. As an example, 1.9GHz and 2GHz TDD bands are previously used by 4G and 3G, which are specified as NR TDD bands n39 and n34 in Rel-15 and also specified as SUL bands n98 and n95 in Rel-16 and Rel-17 respectively. The spectrum for these two bands are not very large, thus single SUL band may not fully comply with the fast increased UL usage demanded by the operator. 
In Rel-18, NR CA configurations with two SUL band combinations are specified, i.e. two SUL bands in two cells together with other TDD NR band(s), as the illustration as the figure.3. However, due to the restriction that one serving cell can only configure one SUL carrier, the utilization of two SUL bands must be based on UE capability to support two carriers DL CA.
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Figure 3. CA configuration with SUL for each aggregated cell
To decouple the higher DL CA complexity from the utilization of SUL bands, one solution is to allow one serving cell configured with multiple SUL carriers as the following:
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Figure 4. Multiple SUL carrier for one cell
Therefore, to provide more flexible UL resources and support UL heavy traffic, one serving cell configured with multiple SUL carriers can be considered in Rel-19 multi carrier enhancements. Whether UE can transmit on only one SUL carrier or multiple SUL carriers simultaneously can be further discussed.
Proposal 4. Enhancement of SUL cell can be considered in Rel-19 multi-carrier enhancement, including the following objectives:
· Support configuring multiple SUL carriers in one serving cell;
· Support switched or concurrent transmission on multiple SUL carriers within one serving cell. 

Multi-UE scheduling enhancement
In our practical network deployment, we found that in some scenarios, such as gathering places for big show, or some hot tourist attractions, when the number of activated UEs increases and larger than for example two hundreds, the PRB utilization rate will decrease. One of the reasons is that large aggregation level will be used to overcome higher interference, and PDCCH blocking probability will also increase. As a result, there will be some UEs that can not be scheduled. This means the PDCCH resource limits the cell capacity.
In the future, with increase of  UE numbers, especially for higher connection density application, such as with wide deployment of RedCap, the capacity of PDCCH is likely to be further limited.
So enhancement to reduce PDCCH overhead is needed, which can save PDCCH resource and support more UEs scheduling.
Multiple PDSCHs/PUSCHs scheduling for one UE can be one solution to save PDCCH overhead, and this is useful for UEs with large traffic which will last for several slots. However, when the packets of UE is not large, single slot scheduling may be enough, for such case, multi-UE scheduling with single DCI can be considered for PDCCH overhead reduction. And the multi-UE scheduling can also combine with the multiple PDSCHs/PUSCHs scheduling to further save PDCCH overhead. When one DCI carries scheduling information for multiple UEs, some common fields can be used for multiple UEs to reduce the payload of DCI. Multi-carrier scheduling based on single DCI in R18 can be starting point for the multi-UE scheduling design. 
In Table 2, we make some initial analysis of the DCI field for multi-UE PUSCH scheduling, since PUSCH scheduling will be more limited for such UL heavy scenarios. In last column of Table 2, “common” means the field can be common for diffierent UEs, “separate” means the field is better to be separate for different UEs, and “separate,may be common” means if this field is common for UEs, some restriction may be needed.
Table 2. Initial consideration on DCI field for multi-UE scheduling
	DCI field
	Type in DCI 0_3
	For multi-UE scheduling

	Identifier for DCI formats
	1A
	Common

	Scheduled cell set indicator
	1A
	N/A

	Scheduled cells indicator
	1B
	N/A

	Carrier indicator
	
	Separate

	Bandwidth part indicator
	1A
	For large TBS case, BWP with full bandwidth can be configured, this field can be 0 bits

	FDRA
	2
	Separate, may be common

	TDRA
	1B
	Common

	Frequency hopping flag
	1A
	Common

	Modulation and coding scheme
	2
	Separate, may be common

	New data indicator
	2
	Separate

	Redundancy version
	2
	Separate

	HARQ process number
	2
	Separate

	Downlink assignment index
	1A
	Separate, may be common, need to consider codebook design issue for common field. 

	TPC command for scheduled PUSCH
	2
	Separate

	SRS resource indicator
	1A or 2
	Separate, may be common

	Precoding information and number of layers
	1A or 2
	Separate, may be common

	Antenna port(s)
	1A or 2
	Separate

	SRS request
	1B
	Separate

	SRS offset indicator
	1B
	Separate

	CSI request
	1C
	Separate

	PTRS-DMRS association
	2
	Separate

	beta_offset indicator
	1A
	Separate

	DMRS sequence initialization
	1A
	Common

	UL-SCH indicator
	1C
	Separate or ignore

	ChannelAccess-CPext-CAPC
	1A
	Ignore

	Open-loop power control parameter set indication
	1A
	Separate, may be common

	Priority indicator
	1A
	Separate or ignore

	Minimum applicable scheduling offset indicator
	No conclusion yet
	Common

	SCell dormancy indication
	No conclusion yet
	Separate

	PDCCH monitoring adaptation indication
	[bookmark: _GoBack]No conclusion yet
	Separate



Based on above initial analysis, when one DCI scheduling multiple UEs’ PUSCH, at least the following field can be common for different UEs,
· TDRA, the scheduled UEs can also be in different slots, then K2 may be different.
· Frequency hopping flag
· DMRS sequence initialization

And when UEs are quasi-stationary for gathering places of big show, and the locations are adjacent, for example, UEs’ seats are close to each other, then the channel conditions will be similar, so they can be grouped together and scheduled by single DCI, for such case, the following fields can be further shared by UEs,
· FDRA,  for example, the co-scheduled UEs share the same number of scheduled RBs in same slot of different slots
· SRS resource indicator
· Precoding information and number of layers
· Open-loop power control parameter set indication
· Modulation and coding scheme may or may not be same

Proposal 5: Support multi-UE scheduling with single DCI to reduce PDCCH overhead. 

Conclusion
In this contribution, we discussed the motivation of further enhancement for multiple carrier schemes, and a frequency combination based elastic cell structure is proposed, the following observation and proposal are made, 
Observation: Enhancements to multi-carrier operation is needed to provide efficient and flexible IDLE/INACTIVE UEs mode multiple carrier operation and to reduce cell management overhead of existing CA framework.
Proposal 1: Study enhancements to support more general  multiple carrier/frequency resource utilization, applied to both IDLE/INACTIVE mode and CONNECTED mode.
Proposal 2: Study enhancements to simplify multiple carriers management effort and overhead.
Proposal 3: Frequency combination based elastic cell can be studied in R19 for multi-carrier enhancement.
Proposal 4. Enhancement of SUL cell can be considered in Rel-19 multi-carrier enhancement, including the following objectives:
· Support configuring multiple SUL carriers in one serving cell;
· Support switched or concurrent transmission on multiple SUL carriers within one serving cell. 
Proposal 5: Support multi-UE scheduling with single DCI to reduce PDCCH overhead. 
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