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Introduction
In this contribution, we discuss the remaining issues of GC-PDCCH needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78.
UL/DL periodicity
[bookmark: _Hlk506481364]In RAN1#91 it was agreed that for cell-specific RRC configuration of DL/UL assignment
· [bookmark: _Hlk506480160]Add additional periodicity 0.625ms (for 120KHz SCS only), 1.25ms (for >=60KHz SCS), and 2.5ms (for >=30KHz SCS)
· Also support 2 concatenated DL-unknown-UL periodicity
· [bookmark: _Hlk503423551]Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included
· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms
· When two perodicities are included, the corresponding parameters are independently configured
· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)
Periodicity combination preclusion
[bookmark: _Hlk506481601]According to the agreement, it will be discussed to preclude some combinations (no additional higher-layer impact). To this end, it should be first identified the criterion/criteria used to determine combinations to be precluded. We propose that the semi-statically configured pattern duration shall divide 20 ms evenly to align with SSB periodicity. That is, if only one periodicity is configured, X shall divide 20 ms evenly. If two periodicities are configured, X+Y shall divide 20 ms evenly. This allows the following periodic patterns in terms of slots at different SCS:
	Pattern duration (ms)
	15 kHz
	30 kHz
	60 kHz
	120 kHz
	240 kHz

	0.5
	
	1
	2
	4
	8

	0.625
	
	
	
	5
	

	1
	1
	2
	4
	8
	16

	1.25
	
	
	5
	10
	20

	2
	2
	4
	8
	16
	32

	2.5
	
	5
	10
	20
	40

	4
	4
	8
	16
	32
	64

	5
	5
	10
	20
	40
	80

	10
	10
	20
	40
	80
	160

	20
	20
	40
	80
	160
	320


Coexistence with LTE TDD carriers
In LTE, 7 UL/DL configurations are defined based on 15 kHz subcarrier spacing as shown in Table 1. 
[bookmark: _Ref506474665]Table 1 LTE UL/DL configurations
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



When NR is operating in the same band or in a band close to an LTE TDD carrier, it is necessary for the NR carrier to operate the UL and DL transmission directions that are compatible with those for the LTE TDD carrier. In the following, we list our investigation on whether the NR semi-static UL/DL configuration allows such compatible system operations. For simplicity, the following discussion assume 15 kHz as the reference SCS for the NR UL/DL configuration and details for the special subframe are omitted. The observations carry to other subcarrier spacings.
LTE UL/DL configuration #0 and #3 patterns can be configured for NR without any issue.
LTE UL/DL configuration #0 pattern can be configured via X = 5 ms with 1 DL slot and 3 UL slots. 
LTE UL/DL configuration #3 pattern can be configured via X = 5 ms with 1 DL slot and 3 UL slots and Y = 5 ms with 5 DL slots and 0 UL slot.
LTE UL/DL configuration #1, #2, #4 and #5 patterns can be configured for NR but with misaligned frame timings.
LTE UL/DL configuration #1 pattern can be configured via X = 5 ms with 2 DL slots and 2 UL slots. But the NR frame timing needs to be offset by 1 ms from the LTE frame timing.
[image: ]
LTE UL/DL configuration #2 pattern can be configured via X = 5 ms with 3 DL slots and 1 UL slot. But the NR frame timing needs to be offset by 2 ms from the LTE frame timing.
[image: ]
LTE UL/DL configuration #4 pattern can be configured via X = 5 ms with 2 DL slots and 2 UL slots and Y = 5 ms with 5 DL slots and 0 UL slot. But the NR frame timing needs to be offset by 1 ms from the LTE frame timing.
[image: ]
LTE UL/DL configuration #5 pattern can be configured via X = 5 ms with 3 DL slots and 1 UL slot and Y = 5 ms with 5 DL slots and 0 UL slot. But the NR frame timing needs to be offset by 2 ms from the LTE frame timing.
[image: ]
LTE UL/DL configuration #6 pattern cannot be configured for NR.
To avoid the frame misalignment issues identified in the above, we propose to add 3 ms, 4 ms, 6 ms and 7 ms into the allowed periodicity for NR semi-static UL/DL configuration. 
LTE UL/DL configuration #1 pattern can be configured via X = 4 ms with 1 DL slot and 2 UL slots and Y = 1 ms with 1 DL slot and 0 UL slot.
LTE UL/DL configuration #2 pattern can be configured via X = 3 ms with 1 DL slot and 1 UL slot and Y = 2 ms with 2 DL slots and 0 UL slot.
LTE UL/DL configuration #4 pattern can be configured via X = 4 ms with 1 DL slot and 2 UL slots and Y = 6 ms with 6 DL slots and 0 UL slot.
LTE UL/DL configuration #5 pattern can be configured via X = 3 ms with 1 DL slot and 1 UL slot and Y = 7 ms with 7 DL slots and 0 UL slot.



For cell-specific RRC configuration of DL/UL assignment, the configured pattern duration shall divide 20 ms evenly.
  -	That is, if only one periodicity is configured, X shall divide 20 ms evenly. If two periodicities are configured, X+Y shall divide 20 ms evenly.
[bookmark: _GoBack]  -	 Further, add additional periodicities of 3 ms, 4 ms, 6 ms and 7 ms for cell-specific RRC configuration of DL/UL assignment.
On UE behavior when configured GC-PDCCH carrying SFI not detected
There are two cases where the configured GC-PDCCH carrying SFI is not detected.
· Case 1: gNB does not transmit it
· Case 2: gNB transmits it but UE fails to detect it
In most of the occasions gNB does not transmit the GC-PDCCH carrying SFI. In these common cases, the right UE behaviour is that the UE follows the procedure when there is no transmitted GC-PDCCH carrying SFI.
Case 2 may occur though it is much less likely due to low PDCCH BLER operation point. If it occurs, the UE cannot distinguish Case 2 from Case 1. The right UE behaviour is that the UE follows the procedure as if there was no transmitted GC-PDCCH carrying SFI. It would be strange for the UE to assume some procedure when the UE does not receive a corresponding message from gNB. 
When the configured GC-PDCCH carrying SFI is not detected, we can examine the consequences of Case 2 if the UE follows the procedure as if there was no transmitted GC-PDCCH carrying SFI.
· “Unknown” is overwritten by SFI to “DL” or “UL”: With this overwriting, the reasonable gNB’s intention is to use this slot to perform dynamic DL transmission. Then there is a corresponding DCI for dynamic scheduling, which UE should follow. So even if the UE fails to detect the GC-PDCCH carrying SFI, it would follow DCI (procedure upon failing to detect this DCI is a different discussion). The procedure in this case is clear, and there are no unexpected consequences.
·  “Unknown” is overwritten by SFI to “flexible”: With this overwriting, the reasonable gNB’s intention is to dynamically reserve this slot as the UE shall not transmit or receive in a slot indicated flexible in a SFI.
· If there are configured transmission/measurement in the downlink, gNB would cancel them by itself since it knows it changes the slot to flexible. Since there is no transmission, UE would not receive configured transmission, which is fine. By taking null measurement reception as part of the measurement signals, the measurement performance might be slightly degraded. 
· If there are configured transmission/measurement in the uplink, UE failing to detect the GC-PDCCH carrying SFI would perform the configured transmission/measurement. In this case, a reasonable gNB implementation would not overwrite an “unknown” slot to flexible if the slot is used for configured transmission/measurement in the uplink.
Hence, we propose
[bookmark: _Toc506319911][bookmark: _Toc506319919][bookmark: _Toc506467898][bookmark: _Toc506467949]When the configured GC-PDCCH carrying SFI is not detected, the right UE behaviour is that the UE follows the procedure when there is no transmitted GC-PDCCH carrying SFI.
Conclusions
In this contribution, we discuss the remaining issues of GC-PDCCH needed to stabilize the basic and essential NR functionalities within the scope of the drop approved during RAN#78.
Based on the discussion in this contribution, we propose the following:

Proposal 1: For cell-specific RRC configuration of DL/UL assignment, the configured pattern duration shall divide 20 ms evenly. 
· That is, if only one periodicity is configured, X shall divide 20 ms evenly. If two periodicities are configured, X+Y shall divide 20 ms evenly. 
· Further, add additional periodicities of 3 ms, 4 ms, 6 ms and 7 ms for cell-specific RRC configuration of DL/UL assignment. 
Proposal 2: When the configured GC-PDCCH carrying SFI is not detected, the right UE behavior is that the UE follows the procedure when there is no transmitted GC-PDCCH carrying SFI.
[bookmark: _In-sequence_SDU_delivery]References
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