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1	Introduction
In this contribution, we discuss how to interpret the FG 3-5b.
[bookmark: _Ref178064866]2	Discussion
2.1	FG 3-5b
FG 3-5b description was updated at RAN1#96 to resolve the conflict between FG 3-5b and basic FG 3-1. The description of 3-5b in [1] however becomes quite convoluted and different companies may have different understandings. For example, the term “monitoring occasion” seemed to be interpreted quite differently among companies during the discussions at RAN1#96. 
It is important to have a common understanding of FG 3-5b so that it would be useful. In this contribution, we propose to interpret FG 3-5b as follows. 
-------------------------- Proposed common understanding of FG 3-5b ------------------------------------
· [bookmark: _GoBack]Span is a set of up to 3 consecutive symbols in a slot 
· Span A consists of Y consecutive symbols in the first 3 symbols in a slot and starts at the first symbol where PDCCH for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS needs to be monitored
· If Span A starts at the first, second, or third symbol of the slot, span A consists of Y, 2, or 1 symbols for these cases respectively
· Span A can be any span of Y consecutive symbols in a slot if FG 3-2 is supported
· Span B consists of 3 consecutive symbols and starts at the first symbol where PDCCH for type0, 0A and 2 CSS needs to be monitored 
· If Span B starts at the second last or last symbol of the slot, span B consists of 2 or 1 symbols for these cases respectively
· Additional spans are defined so that the following are satisfied for each of these spans 
· All PDCCHs that are associated with a span are fully contained within that span whereby start symbol and duration are per the applicable CORESET and search space configuration
· The duration of the span is the maximum duration of the PDCCHs monitored within the span and is up to Y consecutive symbols
· Every PDCCH being monitored is part of a span
· If a PDCCH is fully contained in more than one span, the PDCCH is considered as part of the span that has the smallest start symbol index among the spans fully containing the PDCCH
· For Span A, UE can monitor PDCCH in any symbol of Span A for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS
· For Span B, UE can monitor PDCCH in any symbol of Span B for type 0, 0A, and 2 CSS
· UE can monitor PDCCH in the Additional spans for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, subject to the following constraints 
· The total number of different start symbol indices for PDCCH monitoring is no more than 7 out of the 14 possible start symbol indices in a slot
· UE can report a capability with candidate value set for (X, Y) from 
· (7, 3), or
· (4, 3) and (7, 3), or
· (2, 2) and (4, 3) and (7, 3)
· There is a minimum gap (including the cross-slot boundary case) 
· between the start of Span A and the start of any of the Additional spans
· between the start of Span B and the start of any of the Additional spans
· between the starts of any two Additional spans
· The minimum gap value denoted by minX is among the values of X that UE reports
· The total number of different start symbol indices of spans for PDCCH monitoring is no more than floor(14/minX) in a slot
· In each span that is not Span B, UE can process 
· One unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC for FDD 
· One unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC for TDD 
· Two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC for TDD

-------------------------- End of proposed common understanding of FG 3-5b ------------------------------------
Note that for the case of a gap X=2, Span A is restricted to Y=2 symbols within the first 3 symbols in a slot. This is to accommodate the typical mini-slot configuration for UE that can support (2, 2): 10101010101010, as illustrated in Figure 1 below. In this case, PDCCH in symbol 2 should be considered as part of an additional Span C1 so that a unicast DCI can be transmitted in symbol 0 (part of Span A) and another unicast DCI can be transmitted in symbol 2 (part of Span C1). If PDCCH in symbol 2 was considered as part of Span A, then only 1 unicast DCI could be transmitted in first two mini-slots, which was not the intention for supporting (2, 2) in latency critical applications.

[image: ]
Figure 1: Example PDCCH configuration for UE that can support (2, 2) in FG 3-5b
In Figure 2, we provide two example configurations for UE that can support (7, 3).
· In the upper figure, both Span A and Span B start at symbol 0 and thus have 3-symbol duration by definitions. To meet the minimum gap of X=7 symbols, one Additional span up to Y=3 symbols can be placed starting at symbol 7 in a slot.
· In the bottom figure, both Span A and Span B start at symbol 2. Thus, Span A has 1-symbol duration by definition, and Span B has 3-symbol duration by definition. To meet the minimum gap of X=7 symbols, one Additional span can be placed starting at symbol 9 in a slot. The Additional span shown has a duration of 2 symbols, but it can be up to Y=3 symbols.
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Figure 2: Example PDCCH configuration for UE that can support (7, 3) in FG 3-5b
In Figure 3, we also provide two example configurations for UE that can support (4, 3).
· In the upper figure, both Span A and Span B start at symbol 0 and thus have 3-symbol duration by definitions. To meet the minimum gap of X=4 symbols, one Additional span C1 up to Y=3 symbols can be placed starting at symbol 4 in a slot, and one more Additional span C2 up to Y=3 symbols can be placed starting at symbol 9 in a slot.
· In the bottom figure, both Span A and Span B start at symbol 2. Thus, Span A has 1-symbol duration by definition, and Span B has 3-symbol duration by definition. To meet the minimum gap of X=4 symbols, one Additional span can be placed starting at symbol 6 in a slot, and one more Additional span C2 can be placed starting at symbol 13 in a slot. The Additional spans C1 and C2 shown have durations of 2 symbols, but they can be up to Y=3 symbols.
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Figure 3: Example PDCCH configuration for UE that can support (4, 3) in FG 3-5b
In addition, if FG 3-2 is supported, it is natural that Span A used for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS can be any span of Y consecutive symbols in a slot. This makes FG 3-5b consistent with FG 3-2.
· If UE only supports FG 3-2, network can only configure in a way such that span A and Span B are in the same span of up to 3 consecutive symbols that can be anywhere in a slot
· If UE only supports FG 3-5b, network can only configure Span A within the first 3 symbols, though Span B can be anywhere in a slot
· If UE supports both 3-2 and 3-5b, network can configure Span A to be any span of Y consecutive symbols in a slot, while Span B can be anywhere in a slot as well

In Figure 4, we provide an example configuration for UE that can support (7, 3) and that also supports FG 3-2. Span A and Span B start at symbol 2 and have 3-symbol duration. To meet the minimum gap of X=7 symbols, one Additional span can be placed starting at symbol 9 in a slot. The Additional span shown has a duration of 2 symbols, but it can be up to Y=3 symbols.
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Figure 4: Example PDCCH configuration for UE that can support (7, 3) in FG 3-5b, and FG 3-2

[bookmark: _Toc4069150]The description of FG 3-5b is unclear, which may lead to different interpretations.

[bookmark: _Toc4069151]RAN1 to clarify the meaning of FG 3-5b.
Page 4
Draft prETS 300 ???: Month YYYY

	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	The description of FG 3-5b is unclear, which may lead to different interpretations.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to clarify the meaning of FG 3-5b.
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Appendix: FG 3-5b

	
	3-5b
	 All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
	PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) after third symbol can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions, where at least one of them is not the monitoring occasions of FG-3-1, in same or 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 each span is of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored with same start symbol. 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 number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG-3-1, is no more than floor(14/X) (X is minimum among values reported by UE).

The number of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.
	
	Yes
	
	Type 3
	N.A. 
	N.A.
	
	This capability is necessary for each SCS.
	
	Optional with capability signaling

Candidate value set for (X, Y):
{(7, 3), 
(4, 3) and (7, 3), 
(2, 2) and (4, 3) and (7, 3)}
	Optional with capability signaling

Candidate value set for (X, Y):
{(7, 3), 
(4, 3) and (7, 3), 
(2, 2) and (4, 3) and (7, 3)}



image3.png
Slotn

Span C1

1

Span C2
(up to Y=3)
)

Span A/B (up to Y=3)
I

r \ r

Gap X=4 symbols

Span C1
Span A (up to Y=3)
—

Span B

Gap X=4 symbols

Span C2

(up to Y=3)

—

Gap X=4

symbols

Slot n+1





image4.png
Slot n Slot n+1

Additional span
Span A/B (up to Y=3)

Gap X = 7 symbols





image1.png
Span B

e e e e L S

pan C1 Span C2 Span C3 Span C4 Span C5 Span C6
(up to Y=2) (uptoY=2) (uptoY=2) (uptoY=2) (uptoY=2) (uptoY=2)





image2.png
Slot n Slot n+1

Additional span

Span A/B (up to Y=3)
(—l—\

_—

Gap X = 7 symbols

Additional span
(up to Y=3)
iy e

Span B

’. Gap X = 7 symbols




