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Introduction
In [1], a new Rel17 WI on NR Dynamic spectrum sharing (DSS) was approved with below objectives.

This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation

In this document, we discuss enhancements to the existing cross-carrier scheduling (CCS) framework to support PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell.
Discussion
CA with Dynamic Spectrum Sharing (DSS)
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Figure 1 – DSS scenario

Figure 1 above illustrates and example DSS scenario. The figure shows slots for a NR PCell/PSCell (primary cell) for a DL CA capable UE operated on a carrier where the same carrier is also used for serving LTE users via dynamic spectrum sharing, and slots for an NR SCell configured for the same UE. As shown in the figure, when a NR primary cell is operated on the same carrier on which legacy LTE users are served, there are limited opportunities for transmitting PDCCH due to the need to avoid overlap with LTE transmissions (e.g. LTE PDCCH, LTE PDSCH, LTE CRS). When UE is configured with DL CA, providing the ability to use SCell PDCCH to schedule primary cell PDSCH/PUSCH (e.g. as shown by red arrows in the figure) helps in reducing the loading of primary cell PDCCH. 

The example shown in the figure is for scenario where NR primary cell is on an FDD carrier with 15kHz SCS and NR SCell on a TDD carrier with 30kHz SCS. This is just one of the expected scenarios, and other combinations (e.g. SCell also on an FDD band) are also possible.
Current Cross-carrier scheduling (CCS) framework
The CCS framework for NR Rel15/Rel16 can be summarized as below
1. UE has a primary cell (i.e., PCell for MCG or PSCell for SCG) and can be configured with one or more secondary serving cells (SCells)
2. The primary cell is always its own scheduling cell
3. For a given SCell (e.g. Cell B)
a. if the SCell is configured with a ‘scheduling cell’ with cell index A (cross-carrier scheduling)
i. SCell B is referred to as the ‘scheduled cell’ 
ii. UE monitors DL PDCCH on the scheduling cell A for assignments/grants scheduling PDSCH/PUSCH corresponding to Sell B.
iii. PDSCH/PUSCH corresponding to Sell B cannot be scheduled for the UE using a serving cell other than scheduling cell A
b. Otherwise
i. SCell B is the scheduling cell for SCell B (same-carrier scheduling or self-scheduling)
ii. UE monitors DL PDCCH on SCell B for assignments/grants scheduling PDSCH/PUSCH corresponding to Sell B
iii. PDSCH/PUSCH corresponding to Sell B cannot be scheduled for the UE using a serving cell other than SCell B
4. [bookmark: _Hlk46167310]An SCell cannot be configured as a scheduling cell for the primary cell
Therefore, current CCS framework has following constraints
· the primary cell is always its own scheduling cell 
· when CCS is configured, there is no PDCCH monitoring on the scheduled cell, 
· a SCell cannot be configured as a scheduling cell for the primary cell
Observation
· Current cross-carrier scheduling (CCS) framework is based on following
· A SCell cannot be configured as a scheduling cell for the primary cell
· The primary cell is always its own scheduling cell 
· Only UE-specific search space sets can be used for cross-carrier scheduling 
· When CCS is configured, PDCCH monitoring on the scheduled cell is not allowed

Enhanced CCS (eCCS) framework
For enabling support of PDCCH on SCell scheduling PDSCH/PUSCH on primary cell, we propose the following high-level framework

1. [bookmark: _Hlk47375590]For a UE configured with DL CA, at least one SCell is configured via RRC such that PDCCH on that SCell can schedule PUSCH and/or PDSCH on the primary cell (PCell/PSCell). Such an SCell can be called e.g. a special SCell (sSCell). 

2. When UE is configured with sSCell, 
a. PDCCH on sSCell can schedule PDSCH/PUSCH on
i. PCell if the sSCell is in MCG and PSCell if the sSCell is in SCG
ii. sSCell (sSCell cannot be a ‘scheduled cell’ for another cell)
iii. other SCells for which the sSCell is configured as a scheduling cell
b. the primary cell can be scheduled via the primary cell and the sSCell. Other serving cells can only have one scheduling cell.
c. PDCCH on primary cell can only schedule PDSCH/PUSCH on the primary cell (primary cell cannot be configured as scheduling cell for any other serving cell).
d. Out-of-order scheduling is not allowed for two PDSCHs(or PUSCHs) on primary cell when one PDSCH is scheduled from primary cell and another from sSCell. 
e. (starting point for discussion) In a given primary cell slot, unicast PDSCH (or PUSCH) is scheduled from either the primary cell or the sSCell but not both.
The sSCell should have similar functionality as a Rel15/16 scheduling cell in addition to having the ability to schedule the primary cell. This is captured in point 2a above.

DL CA is based the primary cell being an ‘anchor cell’ to maintain connection to the gNB and typically the primary cell is deployed on carrier offering best coverage. Given this, scheduling from sSCell should serve as a complimentary mechanism to primary cell self-scheduling and not as a replacement. This is captured by point 2b.

Main motivation of configuring an sSCell is to reduce PDCCH load on primary cell. Given this, supporting CCS from primary cell would only increase PDCCH load and such combination is not required. This is captured by point 2c.

In Rel15/16, out-of-order scheduling of PDSCH/PUSCH is not allowed to allow pipelined UE implementation. E.g., as captured by following text in 38.214  “For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i”. Same principle should also apply to enhanced CCS framework and this is captured by point 2d.


[image: ]

Figure 2 – Enhanced CCS framework

Figures 2a and 2b, illustrate the above points for an example scenario.  In the figures, solid arrows indicate allowed (PDCCH  PDSCH/PUSCH) scheduling possibility while dashed red arrows indicate disallowed possibilities.

Proposal 1
· Following high-level framework is used for enabling PDCCH on SCell to schedule PDSCH/ PUSCH on primary cell (PCell/PSCell)

1. For a UE configured with DL CA, at least one SCell is configured via RRC such that PDCCH on that SCell can schedule PUSCH and/or PDSCH on the primary cell (PCell/PSCell). Such an SCell can be called e.g. a special SCell (sSCell). 

2. When UE is configured with sSCell, 
a. PDCCH on sSCell can schedule PDSCH/PUSCH on
i. PCell if the sSCell is in MCG and PSCell if the sSCell is in SCG
ii. sSCell (sSCell cannot be a ‘scheduled cell’ for another cell)
iii. other SCells for which the sSCell is configured as a scheduling cell
b. the primary cell can be scheduled via the primary cell and the sSCell. Other serving cells can only have one scheduling cell.
c. PDCCH on primary cell can only schedule PDSCH/PUSCH on the primary cell (primary cell cannot be configured as scheduling cell for any other serving cell)
d. Out-of-order scheduling is not allowed for two PDSCHs(or PUSCHs) on primary cell when one PDSCH is scheduled from primary cell and another from sSCell. 
e. (starting point for discussion) In a given primary cell slot, unicast PDSCH (or PUSCH) is scheduled from either the primary cell or the sSCell but not both.
PDCCH handling
According to current CCS framework, only UE-specific search space sets can be used for cross-carrier scheduling as captured by following text in 38.213 – “For an active DL BWP of a serving cell on which a UE monitors PDCCH candidates in a USS, if a UE is configured with a carrier indicator field, the UE monitors the PDCCH candidates with carrier indicator field”. 
Similar framework should also be used for PDCCH on sSCell scheduling PDSCH/PUSCH on primary cell. For CSS based scheduling for the primary cell, self-scheduling should be used even when sSCell is configured.
Proposal 2
· Only UE-specific search space sets are used for the case of PDCCH on SCell scheduling PDSCH/PUSCH on primary cell.

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 only 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 3
· For PDCCH on SCell scheduling PDSCH/PUSCH on primary cell, configuration of individual 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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Figure 3 – Rel16 PDCCH BD limits

Figure 3 above shows current PDCCH BD limits when UE is configured for DL CA with two cells both for self-scheduling case and cross-carrier scheduling (s1-s2) case. The limits are defined based on the numerology of the scheduling cell and are applied per scheduling cell slot.
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Figure 4 – Example PDCCH BD limit handling for eCCS

As discussed in the previous section, when SCell to primary cell scheduling (s-p) is configured for the UE, primary cell self-scheduling (p-p) should still be retained. Also, self-scheduling for the SCell (s-s) and cross-carrier scheduling from the SCell to other SCells should be supported. Figure 4 above shows example PDCCH BD limit handling for this framework. As shown in the figure, the PDCCH BD limits should be defined considering both (s-p) PDCCH candidates (i.e., X1SP/ X2SP/ X3SP in the figure) and (p-p)PDCCH candidates (i.e., X1PP/ X2PP/ X3PP in the figure), and same principle should be applied to any CCE limits as well.
Proposal 4
· For the case of PDCCH on SCell scheduling PDSCH/PUSCH on primary cell, the PDCCH BD/CCE limits should be defined considering both 
· PDCCH candidates on SCell used for scheduling PDSCH/PUSCH on primary cell and 
· PDCCH candidates used on primary cell for self-scheduling 
Conclusions
In this document we discuss high-level framework to support PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell and propose the following
Proposal 1
· [bookmark: _Hlk47386194]Following high-level framework is used for enabling PDCCH on SCell to schedule PDSCH/ PUSCH on primary cell (PCell/PSCell)

1. For a UE configured with DL CA, at least one SCell is configured via RRC such that PDCCH on that SCell can schedule PUSCH and/or PDSCH on the primary cell. Such an SCell can be called e.g. a special SCell (sSCell). 

2. When UE is configured with sSCell, 
a. PDCCH on sSCell can schedule PDSCH/PUSCH on
i. PCell if the sSCell is in MCG and PSCell if the sSCell is in SCG
ii. sSCell (sSCell cannot be a ‘scheduled cell’ for another cell)
iii. other SCells for which the sSCell is configured as a scheduling cell
b. The primary cell (PCell/PSCell) can be scheduled via the primary cell and the sSCell. Other serving cells can only have one scheduling cell.
c. PDCCH on primary cell can only schedule PDSCH/PUSCH on the primary cell (primary cell cannot be configured as scheduling cell for any other serving cell)
d. Out-of-order scheduling is not allowed for two PDSCHs (or PUSCHs) on primary cell when one PDSCH is scheduled from primary cell and another from sSCell. 
e. (starting point for discussion) In a given primary cell slot, unicast PDSCH (or PUSCH) is scheduled from either the primary cell or the sSCell but not both.
Proposal 2
· Only UE-specific search space sets are used for the case of PDCCH on SCell scheduling PDSCH/PUSCH on primary cell

Proposal 3
· [bookmark: _GoBack]For PDCCH on SCell scheduling PDSCH/PUSCH on primary cell, configuration of individual 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 

Proposal 4
· For the case of PDCCH on SCell scheduling PDSCH/PUSCH on primary cell, the PDCCH BD limits should be defined considering both 
· PDCCH candidates on SCell used for scheduling PDSCH/PUSCH on primary cell and 
· PDCCH candidates used on primary cell for self-scheduling 

References
[1] RP-193260 - “New WID on NR Dynamic spectrum sharing (DSS)”, Ericsson, RAN#86, Dec 2019, Sitges, Spain.
2

image3.emf
 

S1

(30kHz)

Pcell

(30kHz)

36 36

36 36

36 36

44

S1

(30kHz)

44

S1

(15kHz)

36 36

Pcell

(15kHz)

Pcell

(30kHz)

36 36

36 36

36 36

36 36

44

44

S1

(30kHz)

S2

(30kHz)

S1

(30kHz)

S2

(15kHz)

S1

(15kHz)

S2

(30kHz)


image4.emf
 

ч�ϯϲ

X1

SP

X1

SP

X1

PP

X1

PP

S1

(30kHz)

Pcell

(30kHz)

X2

SP

X2

SP

X2

PP

S1

(30kHz)

Pcell

(15kHz)

X3

PP

X3

PP

X3

SP

S1

(15kHz)

Pcell

(30kHz)

ч�ϯϲ

ч�ϯϲ ч�ϯϲ

ч�ϰϰ


image1.emf
 

0 1 2 3 4 5 6 7 8 9

10 11 12

13

0 1 234 56 789

10111213

01 2 345 6 789

10111213

01 2 345 6 789

10111213

01 2 34 56 78 9

10111213

0 1 2 3 4 5 6 7 8 9

10 11 12

13

0 1 2 3 4 5 6 7 8 9

10 11 12

13

LTE PDSCH

0 1 2 3 4 5 6 7 8 9

10 11 12 13

0 1 2 3 4 5 6 7 8 9

10 11 12

13

0 1 2 3 4 5 6 7 8 9

10 11 12

13

LTE PDSCH

0 1 234 56 78 9

10111213

01 2 34 5 6 789

10111213

LTE PDSCH

0 1 2 3 4 5 6 7 8 9

10 11 12

13

NR PUCCH

NR PUCCH

0 1 2 3 4 5 6 7 8 9

10 11 12

13

NR PUCCH

NR PUCCH

01 2 345 6 789

10111213

NR Pcell/PSCell 

(DSS with LTE)

NR SCell

FDD UL

FDD DL

TDD 

DL/UL

01 2 34 56 789

10111213

PDCCH

PDSCH DMRS  PDSCH 

LTE CRS

LTE PDCCH  PUSCH   PUSCH DMRS


image2.emf
 

0 1 2 3 4 5 6 7 8 9

10 11 12

13

0 1 2 34 56 789

10111213

0 1 2 3 4 5 6 7 8 9

10 11 12

13

0 1 2 34 56 789

10111213

0 1 2 34 56 789

10111213

0 1 2 34 56 789

10111213

0 1 2 34 56 789

10111213

0 1 2 34 56 789

10111213

01 23 4 56 789

10111213

01 23 45 6 789

10111213

01 2 34 56 789

10111213

01 2 34 56 789

10111213

01 2 3 45 6 789

10111213

01 2 34 5 6 789

10111213

10

0 1 2 3 4 5 6 7 8 9

10 11 12

13

0 1 2 34 56 789

10111213

0 1 2 34 56 789

10111213

0 1 2 34 56 789

10111213

0 1 2 34 56 789

10111213

10

0 1 2 3 4 5 6 7 8 9

10 11 12

13

13

Pcell/ 

PSCell

SCell1 

(sSCell)

SCell2

(CCS from SCell1)

SCell3

(self-scheduled)

Pcell/ 

PSCell

Figure 2a Figure 2b

SCell1 

(sSCell)


