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1	Introduction 
This tdoc focuses on remaining details on cross carrier scheduling.
2	Number of valid DCIs per monitoring occasion per scheduled cell
With Rel-15 UE capability FG 3-5b:
[image: ]
 “For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD”

The FG defined the maximum number of unicast DCIs in terms of “span”, and it would be convenient to follow FG 3-5b for cross carrier scheduling. Besides, as mentioned in [1], the rule of FG 3-5b already can support multiple DCIs in one slot of lower SCS PDCCH scheduling multiple slots of a higher SCS PDSCH/PUSCH. Furthermore, the maximum DL data rate of 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b (2,2) as shown in Figure 1 [1] (assuming UE supports two unicast DL DCI per PDCCH span for one scheduled cell as defined in FG 3-5b). 
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[bookmark: _Ref15312904]Figure 1. 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH/PUSCH with FG 3-5b {(2,2)} [1]

Besides, for the most typical 30kHz scheduling 120kHz case, the maximum DL data rate of 30 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b (7,3) as shown in Figure 2 (assuming UE supports two unicast DL DCI per PDCCH span for one scheduled cell as defined in FG 3-5b):
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Figure 2. 30 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH/PUSCH with FG 3-5b {(7,3)}
Hence, there seems no reason to define new rules on top of FG 3-5b or increase the number of valid DCIs per monitoring occasion to per scheduled cell.
Observation 1: The maximum DL data rate of 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b {(2,2)}. The maximum DL data rate of 30 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b {(7,3)}.

Proposal 1: Do not define new rules on top of FG 3-5b or increase the number of valid DCIs per monitoring occasion to per scheduled cell for cross carrier scheduling with different numerology.
3	SPS PDSCH release HARQ-ACK reporting in case of different PDSCH/PDCCH/PUCCH numerologies
In R15, for SPS PDSCH release HARQ-ACK reporting in HARQ-ACK Type-1 codebook, the PDSCH-to-HARQ-timing-indicator is counted from the slot containing PDCCH with the SPS PDSCH release control information, using an implicit assumption that the PDSCH and PDCCH numerology is the same. However, the details on how to determine the timing remains unclear when PDSCH and PDCCH numerologies are different.
The following lists conclusion in RAN1#94bis, it was concluded that SLIV should be used to derive the location of the HARQ-ACK:Conclusion:
· For semi-static HARQ-ACK codebook, clarify that location of HARQ-ACK for SPS PDSCH release is same as for the SLIV of SPS PDSCH
· Editor to check if clarification is needed in the spec

The above conclusion is enough to determine the location of the HARQ-ACK for SPS PDSCH release in case when the PDSCH slot duration ≥ PDCCH slot duration, however, in the case when PDSCH slot duration < PDCCH slot duration shown in Figure 1, several positions of the SPS PDSCH slot overlapping with the PDCCH slot are possible, these positions are normally resolved using K0, however, only the SLIV is used in R15.
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[bookmark: _Ref13840600]Figure 2: Possible SPS PDSCH slots position for PDSCH slot duration < PDCCH slot duration

To resolve the ambiguity shown in Figure 2, the last PDSCH slot overlapping with the PDCCH reception can be used.

Proposal 2: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is used to determine the location of the HARQ-ACK for SPS PDSCH release in HARQ-ACK Type-1 codebook when PDSCH and PDCCH are different numerologies.

Another issue is how to determine PUCCH Tx slot in case of different PDCCH, PDSCH and PUCCH numerologies. Figure 2 illustrates the PUCCH Tx slot when PDCCH and PUCCH slot durations are smaller than the PDSCH slot duration. In R15, if UE detects a DCI for SPS PDSCH release through a PDCCH reception ending in slot n, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot n+k, where k is indicated by PDSCH-to-HARQ-timing-indicator. And k=0 corresponds to the last slot of the PUCCH transmission that overlaps with PDCCH reception for SPS PDSCH release. When PDSCH slot duration > PDCCH/PUCCH slot duration as shown in Figure 2, it leads to PUCCH transmit slot that is earlier than the end of the overlapping PDSCH slot.

[image: ]

[bookmark: _Ref13750041]Figure 2: PUCCH Tx slot for k=0 when PDCCH and PDSCH numerologies are different

As discussed above, the location of the SPS PDSCH release HARQ-ACK reporting is based on the SLIV information for HARQ-ACK codebook type 1, therefore taking in account the overlapping PDSCH slot to determine the UL reporting slot is needed. To resolve this problem we propose to use the last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release as the reference slot instead of the PDCCH slot carrying the SPS PDSCH release. 

Proposal 3: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is the reference slot used to determine PUCCH Tx slot for SPS PDSCH release HARQ-ACK reporting in HARQ-ACK Type-1 codebook when PDSCH, PDCCH and PUCCH are different numerologies.


4         PDCCH-to-PDSCH delay for 120KHZ SCS PDCCH
According to RAN1 97 agreement [2],
Agreements:
· For high-SCS to low-SCS scheduling, the delta for 120 kHz SCS PDCCH: [12] symbols

The value of [12] symbols for PDCCH SCS = 120kHz is very small (less than one slot) and enforces a very tight processing timeline for UE. Therefore, we have the following proposal:

Proposal 4: For high-SCS to low-SCS scheduling, the delta for 120 kHz SCS PDCCH: [16] symbols


5         The additional number of symbols  added to the UE reported beamSwitchTiming when  > 
To provide sufficient UE processing time for DCI decoding. The parameter ‘beamSwitchTiming’ somehow takes PDCCH processing time into account, but it is derived under the assumption of the same numerology between DCI and PDSCH so we need additional offset m1 for different numerology case. 

Proposal 5: Set the additional number of symbols added to the UE reported beamSwitchTiming when  > , which means , to be 14.

6	Summary 
This tdoc focuses on remaining details on cross carrier scheduling:
Observation 1: The maximum DL data rate of 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b {(2,2)}. The maximum DL data rate of 30 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b {(7,3)}.

Proposal 1: Do not define new rules on top of FG 3-5b or increase the number of valid DCIs per monitoring occasion to per scheduled cell for cross carrier scheduling with different numerology.

Proposal 2: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is used to determine the location of the HARQ-ACK for SPS PDSCH release in HARQ-ACK Type-1 codebook when PDSCH and PDCCH are different numerologies.

Proposal 3: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is the reference slot used to determine PUCCH Tx slot for SPS PDSCH release HARQ-ACK reporting in HARQ-ACK Type-1 codebook when PDSCH, PDCCH and PUCCH are different numerologies.

[bookmark: _GoBack]Proposal 4: For high-SCS to low-SCS scheduling, the delta for 120 kHz SCS PDCCH: [16] symbols

Proposal 5: Set the additional number of symbols added to the UE reported beamSwitchTiming when  > , which means , to be 14.
Reference
R1-1909311	UE feature discussion for cross-carrier scheduling with different numerologies	Huawei, HiSilicon.
Chairman’s Notes, RAN1 #98-bis.

image1.png
All PDCCH monitoring occasion
can be any OFDM symbol(s) of a
slot for Case 2 with a span gap

All PDCCH monitoring occasion can be any OFDM symbo
and for any two PDCCH monitoring occasions in same or

(s) of a slot for Case 2,
different search spaces,

there is a minimum time separation of X OFDM symbols (including the cross-slot

boundary case) between the start of two spans, where eac

span is of length up to

Y consecutive OFDM symbols in which PDCCH is configured to be monitored. For
the set of monitoring occasions which are within the same span:
e Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per

scheduled CC across this set of monitoring occasions for

FDD

e Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per

scheduled CC across this set of monitoring occasions for

TDD

e Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per

scheduled CC across this set of monitoring occasions for

TDD

Optional

Candidate value set for (X, Y):
{17, 3),

[(4,3)and (7, 3)],

[(2,2)and (4,3)and (7, 3)]'}

1D1U for FDD
1D2U for TDD
2D1U for TDD





image2.emf
 

15kHz

120kHz

Span Span

2 symbols

Span Span Span Span Span

Possible PDSCH 1

PMO 

1

Possible PDSCH 2

PMO  

2

PMO

4

PMO

6

PMO

7

PMO

8

Possible PDSCH 3 Possible PDSCH 4 Possible PDSCH 5 Possible PDSCH 6 Possible PDSCH 7 Possible PDSCH 8 

PMO

5

PM

O

3

Δ

= 4 symbols

Δ

= 4 symbols

Δ

= 4 symbols

Δ

= 4 symbols

Δ

= 4 symbols

Δ

= 4 symbols

Δ

= 4 symbols

Δ

= 4 symbols


image3.png
9DLDC e ~———
[ T Tvoscr [ voscn | oo | Fosc |
T [ voscr [ poscn | roocr | posc |
I R = T I
T [ oscr [ eoscn | rooee [ posc |





image4.emf
2n 2n + 1 2n + 2 2n + 3

2n 2n + 1 2n + 2 2n + 3 2n + 4 2n + 5 2n + 6 2n + 7

PDSCH slot#

PDCCH slot#

SPS PDSCH slot for 

K0=0

SPS PDSCH slot for 

K0=1


image5.png
PUCCH Tx slot for
k=0 when not

taking in account
the overlapping

account the

PUCCH Tx slot for
k=0 when taking in

overlapping PDSCH

PDSCH
PUCCH slot# 2n+2 2n+3 2n+4 2n+5 2n+6 2n+7
PDSCH slot# _ n+1 n+2 n+3
PDCCH slot# - n+1 n+2 2n+3 n+4 n+5 n+6 n+7





