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Introduction
Scheduling capacity enhancement in the context of CA and DSS was identified under email discussion on NR dynamic spectrum sharing. In this paper, we discuss the potential enhancement.
Discussion
In the context of NR CA, where a DSS cell could be either PCell or SCell, the problem to solve is to have sufficient scheduling capacity for scheduling NR UEs on the DSS cell with limited NR PDCCH capacity, but without creating a control capacity bottleneck on another (non-DSS) carrier. Allowing SCell to schedule PDSCH on PCell solves part of the problem through moving NR PDCCH from Pcell/Pscell (DSS cell) out to SCell (non-DSS cell). However, the scheduling capacity of NR devices is still limited since the finite control resource of Scell must carry the control information for both Pcell/PScell and Scell where there are many repeated redundant information (CRC, TPC, etc.). This becomes practical only if it comes with PDCCH overhead reduction, such as enabling scheduling PDSCH over multiple cells with a single PDCCH. Take DCI format 1-1 as an example, assuming 20MHz cell, Scell scheduling Pcell needs two DCIs with 81bits in Scell. As a comparison, a single PDCCH scheduling PDSCH over two cells just requires one DCI of 81+14bits (assuming all fields are common for two cells except for FDRA). Considering scheduling flexibility, some independent fields (e.g., MCS) can be indicated for each cell. Anyway, the control overhead is obviously reduced and channel coding gain is achieved, thus scheduling capacity is enhanced. As shown in [1], about 18% throughput gain can be achieved for a single PDCCH scheduling PDSCH over three 5 or 10 MHz cells.
In addition to control overhead reduction, a single PDCCH scheduling PDSCH over multiple cells can save UE’s power consumption thanks to PDCCH candidate detection reduction. For example, based on the power scaling for PDCCH candidate reduction P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt where α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration and Pt is the PDCCH-only power [2] (agreed in RAN1#95), a single PDCCH scheduling PDSCH over two cells can save 10~15% power consumption comparing with Scell scheduling Pcell since the number of PDCCH candidates is halved. On the other hand, if the number of cells scheduled by the same DCI is not limited, the DCI size will scale up which may require more than 16 CCEs and have impact on the target BLER of PDCCH. In practice, one non-DSS carrier assisting one DSS carrier may be sufficient. Thus, it can be considered reasonable to restrict the maximum number of scheduled cells to 2 or 3, or to restrict the maximum number of schedulable RBs with a single PDCCH (e.g. 273 as in Rel-15/16).
In summary, we propose to introduce support for single PDCCH scheduling PDSCH over 2 or 3 cells for NR CA, and this should eventually be applicable with or without DSS. It provides benefits in term of scheduling capacity, spectrum efficiency and UE power saving especially when the traffic is not sporadic. 
Objective proposals
Based on the email discussions in RAN_DRAFT reflector and the above discussions, our proposals on the objectives of CA/DSS WID at least include
· Specify PDCCH capacity enhancements along with L1 control overhead reduction in the context of DL CA where some scheduled carrier(s) could use DSS between NR and LTE. The enhancements should support at least the following functionalities:
· Ability to schedule PDSCH on at least 2 cells with a single DCI
· Ability to schedule PDSCH on PCell with PDCCH on SCell
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	Information
	Bits

	Identifier for DCI formats
	1

	Carrier indicator
	0 

	Bandwidth part indicator
	1 

	Frequency domain resource assignment (106 RB for 20MHz, RBG size =8)
	14

	Time domain resource assignment
	4  

	VRB-to-PRB mapping
	0

	PRB bundling size indicator
	1

	Rate matching indicator
	1

	ZP CSI-RS trigger
	1

	For transport block 1:

	Modulation and coding scheme
	5

	New data indicator
	1

	Redundancy version
	2

	For transport block 2 (only present if maxNrofCodeWordsScheduledByDCI equals 2):

	Modulation and coding scheme
	5

	New data indicator
	1

	Redundancy version
	2

	HARQ process number
	4

	TPC command for scheduled PUCCH
	2

	PUCCH resource indicator
	3

	PDSCH-to-HARQ_feedback timing indicator
	2

	Antenna port(s)
	4

	Transmission configuration indication
	0

	SRS request
	2

	CBG transmission information (CBGTI)
	0

	CBG flushing out information (CBGFI)
	0 

	DMRS sequence initialization
	1

	CRC
	24

	
	Total bits:  81
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