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Introduction
In this contribution, we provide our views on additional R19 RAN1 topics, including two directions, both considering practical deployment issue. One is SUL enhancement to provide more flexible UL resources for especially UL heavy scenarios, and the other one is multi-UE scheduling for more efficient spectrum utilization, aiming to solve PDCCH capacity issue for some UE gathering places.
SUL Enhancement
In current NR design, only one SUL carrier 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 [1], i.e. two SUL bands in two cells together with other TDD NR band(s), as the illustration as the figure.1. 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’s capability of DL CA.
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Figure 1. CA configuration with SUL carrier 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 2. Multiple SUL carriers 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. Because in this case there are two SUL carriers, UE UL transmission behaviour is also needed to be specified, e.g., switched UL between multiple SUL carriers or concurrent transmission on multiple SUL carriers simultaneously.
Proposal 1. Enhancement of SUL cell can be considered in Rel-19, 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 different 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
	Separate, may be common

	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
	Separate, may be 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
	1A
	Separate

	SCell dormancy indication
	1A
	Separate

	PDCCH monitoring adaptation indication
	1A
	Separate

	Note: Types of DCI fields for DCI format 0_3: 
· Type-1 field: 
· [bookmark: _Hlk151646242]Type-1A field: A single field indicating common information to all the co-scheduled cells
· [bookmark: _Hlk151646286]Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· [bookmark: _Hlk151646421]Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells



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
· Identifier for DCI formats

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 or 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 2: 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, 
Proposal 1. Enhancement of SUL cell can be considered in Rel-19, 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 2: Support multi-UE scheduling with single DCI to reduce PDCCH overhead. 
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