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Introduction
In this document, we discuss maintenance aspects related to specification of cross-carrier scheduling from SCell to PCell/PSCell.
Discussion
Scaling factor 
In RAN1#107e, it was agreed that the parameter  for BD limit handling is configured via RRC from a set of 8 possible values. It was also agreed that the same parameter is also used for CCE limit scaling. 

Considering commonly expected DSS scenarios, for example, 15kHz SCS, 10/15/20MHz BW for P(S)Cell, 1symbol CORESET results in 8/12/16 CCEs. The Rel15 max CCE limit is 56 CCEs. Given this, scaling factors such as 8/56 or 12/56 or 16/56 are appropriate for  so that the remaining 48/44/40 CCEs can be used for the sSCell budget without unnecessary rounding issues. 

Considering the above, we propose 2/14, 3/14,4/14,… as possible values for alpha. 

Table 1 – Example BD/CCE limits with proposed scaling factors
(15kHZ SCS for PCell, up to 3 SCells)
	
	CCEs
	BDs

	alpha
	Total = 56
	Total = 44

	 
	(p-p)
	(s-p)
	(p-p)
	(s-p)

	2/14
	8
	48
	6.3
	37.7

	3/14
	12
	44
	9.4
	34.6

	4/14
	16
	40
	12.6
	31.4

	5/14
	20
	36
	15.7
	28.3

	6/14
	24
	32
	18.9
	25.1

	8/14
	32
	24
	25.1
	18.9

	10/14
	40
	16
	31.4
	12.6

	12/14
	48
	8
	37.7
	6.3



Proposal 1
· Support {2/14, 3/14, 4/14, 5/14, 6/14, 8/14, 10/14, 12/14} as possible values for scaling factor 
One issue with using  PDCCH BD candidates for P(S)Cell self-scheduling (p-p) and  PDCCH BD candidates for sSCell to  P(S)Cell scheduling (s-p) is that some BDs from the BD budget are unnecessarily lost when the BDs corresponding to (p-p) and (s-p) are both rounded off to nearest integer. For example, according to current spec,  =4/14 results in 12 BDs for (p-p) and 31 BDs for (s-p) whose total is 43 even though a total of 44 BDs are available. So, a small correction as below is preferable to avoid the unnecessary loss of BDs. Associated TP to 38.213 is shown in Annex A.
Proposal 2
· Capture limits for P(S)Cell self-scheduling and sSCell to P(S)Cell scheduling as below in the specifications to ensure integer PDCCH BD numbers
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than   PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is additionally not required to monitor more than PDCCH BD candidates per P(S)Cell slot
· Note: P(S)Cell SCS is  and sSCell SCS is 
· Same approach is also applied for CCE limits.

SCell Dormancy Indication
Rel16 SCell dormancy indication is only supported for PDCCH DCI formats received by UE on the P(S)Cell. It needs to be clarified whether the SCell dormancy indication is also supported for PDCCH DCI formats received by UE on the sSCell that are used for P(S)Cell scheduling (i.e., that have CIF value corresponding to P(S)Cell). For Type A UE, USS is TDM between P(S)Cell and sSCell and restricting dormancy indication only for TDMed P(S)Cell slots has negative impact on latency/UE power savings. Given this, it is preferable to support SCell dormancy indication in DCI format 0_1 and 1_1 for the P(S)Cell from either P(S)Cell or sSCell.
On how to handle SCell dormancy indication field, when CCS from SCell to P(S)Cell scheduling is configured for the UE, it should be clarified that the SCell dormancy indication field is only present when the DCI format is carried by PDCCH on for the primary cell. 
Proposal 3
· When UE is configured for CCS from sSCell to P(S)Cell, SCell dormancy indication (Case 1 and Case 2) is supported when DCI format 0_1 or 1_1 is carried by PDCCH on for the primary cell. 

DCI field/size alignment
The size between ‘non-fallback DCI formats used for P(S)Cell self-scheduling’ and ‘non-fallback DCI formats used for sSCell to P(S)Cell scheduling’ should be aligned to avoid impacting UE DCI size budgets. 
For CIF, it was agreed to include same number of bits for P(S)Cell self-scheduling as those configured for sSCell to P(S)Cell scheduling. Most of the other DCI fields would have same size but some fields can be different. For example, DCI fields based on PDCCH-Config of the scheduling cell can have different size/presence based on respective PDCCH-Config of P(S)Cell and sSCell. For handling such fields one (first) approach is to allow them to have independent size/presence but add padding bits to size-match overall DCI format sizes. Other (second) approach is to replicate the DCI fields used for P(S)Cell self-scheduling in the DCI formats used for sSCell to P(S)Cell scheduling. There are trade-offs with both approaches. With second approach, the same DCI format could be replicated between PDCCHs sent on P(S)Cell /sSCell but some of the DCI fields have to defined as reserved to avoid the mismatch in RRC configuration/UE capability associated with P(S)Cell and sSCell for each UE. First approach results in non-identical DCI formats but it is similar to handling of existing carrier scheduling for SCells.
Overall, also considering the new DCI fields being introduced for Rel17 (e.g. the ‘PDCCH monitoring adaptation’ field), our current preference is to adopt the first approach (i.e., Option 1 in RAN1#107-e Discussion Point 8v2).
Proposal 4
· When sSCell to P(S)Cell scheduling is configured for the UE, sizes of ‘non-fallback DCI formats used for P(S)Cell self-scheduling’ and ‘non-fallback DCI formats used for sSCell to P(S)Cell cross-carrier scheduling’ are matched.
· If the DCI for P(S)Cell self-scheduling includes X bits and the DCI used for sSCell to P(S)Cell cross-carrier scheduling includes Y bits, |X-Y| bits are padded to the DCI with the smaller size. 

PDCCH Search space set configuration
For the case of sSCell scheduling PDSCH/PUSCH on primary cell, it is desirable to have the flexibility for the sSCell to schedule any one of the below possibilities
· sSCell used only for scheduling UL grants for primary cell
· sSCell used for scheduling both UL grants and DL assignments for primary cell
· sSCell used only for scheduling DL assignments for primary cell
With current PDCCH search space set configuration, when a USS is configured, the UL and DL DCI formats for that search space are constrained to be configured together. i.e., the IE dci-Formats can only be formats0-1-And-1-1 or formats0-0-And-1-0. Due to this, when the DCI sizes of UL and DL grants are different (as is usually the case with DCI format 0-1 and DCI format 1-1), the UE has to do two BDs for each configured PDCCH monitoring candidate, one corresponding to each DCI format. 

To support the above possibilities without unnecessary increase of PDCCH BD overhead on sSCell, the option of configuring DCI formats individually for PUSCH scheduling or for PDSCH scheduling or for both PUSCH and PDSCH scheduling should be supported as part of the search space set configuration used for sSCell to primary cell scheduling. 
Proposal 5
· For CCS from sSCell to P(S)Cell, configuration of individual UL/DL DCI format(s) (e.g. only DCI format 0-1, only DCI format 1-1) should be supported as part of the corresponding search space set configuration. 

#DL and UL unicast DCI processed
The maximum number of DL and UL unicast DCIs processed are discussed as part of our contribution on UE capabilities [2]. 

RRC parameter impact
Below we provide a brief overview of RRC parameter impact of various proposals.

· As discussed in Proposal 1 RRC specs should be updated to reflect {2/14, 3/14, 4/14, 5/14, 6/14, 8/14, 10/14, 12/14} as possible values for scaling factor .

· As discussed in Proposal 5, updates to search space set configuration are required to support the configuration of individual UL/DL DCI format(s) (e.g., only DCI format 0-1, only DCI format 1-1) in the search spaces used for cross-carrier scheduling from sSCell to P(S)Cell.
Conclusions
In this document we discuss maintenance aspects of cross-carrier scheduling from an SCell (referred to as sSCell) to PCell/PSCell (primary cell) and propose the following
Proposal 1
· Support {2/14, 3/14, 4/14, 5/14, 6/14, 8/14, 10/14, 12/14} as possible values for scaling factor 
Proposal 2
· Capture limits for P(S)Cell self-scheduling and sSCell to P(S)Cell scheduling as below in the specifications to ensure integer PDCCH BD numbers
· On P(S)Cell (for self-scheduling)
· UE is not required to monitor more than   PDCCH BD candidates per P(S)Cell slot
· On sSCell (for cross-carrier scheduling to P(S)Cell)
· UE is additionally not required to monitor more than PDCCH BD candidates per P(S)Cell slot
· Note: P(S)Cell SCS is  and sSCell SCS is 
· Same approach is also applied for CCE limits.
· Note: Example TP1 reflecting above proposal shown in Annex A
Proposal 3
· When UE is configured for CCS from sSCell to P(S)Cell, SCell dormancy indication (Case 1 and Case 2) is supported when DCI format 0_1 or 1_1 is carried by PDCCH on for the primary cell. 
Proposal 4
· When sSCell to P(S)Cell scheduling is configured for the UE, sizes of ‘non-fallback DCI formats used for P(S)Cell self-scheduling’ and ‘non-fallback DCI formats used for sSCell to P(S)Cell cross-carrier scheduling’ are matched.
· If the DCI for P(S)Cell self-scheduling includes X bits and the DCI used for sSCell to P(S)Cell cross-carrier scheduling includes Y bits, |X-Y| bits are padded to the DCI with the smaller size. 
Proposal 5
· For CCS from sSCell to P(S)Cell, configuration of individual UL/DL DCI format(s) (e.g. only DCI format 0-1, only DCI format 1-1) should be supported as part of the corresponding search space set configuration. 
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Annex A – TP1 

Below we provide TP1 to 38.214 to reflect the changes proposed in Proposal 2 of section 2.1

[bookmark: _Toc83289682][bookmark: _Toc92093859]----------------------------- start TP1 to 38.214 sub-clause 10.1.1 ---------------------------------
10.1.1	Self-carrier and cross-carrier scheduling on the primary cell
A UE can be configured for scheduling on the primary cell from the primary cell and from a secondary cell [12, TS 38.331]. The UE is either not provided monitoringCapabilityConfig or the UE is provided only monitoringCapabilityConfig = r15monitoringcapability for the primary cell and for the secondary cell. The UE is not provided coresetPoolIndex on the primary cell or on the secondary cell.
The SCS configuration  for the active DL BWP on the primary cell is smaller than or equal to the SCS configuration  for the active DL BWP on the secondary cell.
If , the UE determines  and , and determines  and , by including the primary cell only in the  downlink cells in , as described in clause 10.1. If , the UE determines  and  by including the primary cell once in the  downlink cells in , as described in clause 10.1.
For scheduling on the primary cell from the primary cell, the UE is not required to monitor more than PDCCH candidates per slot or more than non-overlapping CCEs per slot on the active DL BWP of the primary cell, where  is provided by PCell-CCSscaling.
For scheduling on the primary cell from the secondary cell, the UE is not required to monitor on the active DL BWP of the secondary cell more than
-	 PDCCH candidates per slot or more than  non-overlapping CCEs per slot of the active DL BWP of the secondary cell
-	 PDCCH candidates per slot or more than  non-overlapping CCEs per slot of the active DL BWP of the primary cell
If , the UE does not count PDCCH candidates and non-overlapping CCEs that the UE monitors for scheduling on the primary cell from the secondary cell towards  and , respectively.
If , the UE counts PDCCH candidates and non-overlapping CCEs that the UE monitors for scheduling on the primary cell from the secondary cell towards  and , respectively.
For allocation of PDCCH candidates and non-overlapping CCEs to search space sets for scheduling on the primary cell from the primary cell, the UE applies the procedure in clause 10.1 using  instead of , and using  instead of  for the primary cell.
----------------------------- end TP1 ---------------------------------
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