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Introduction
Several agreements were reached during and after the RAN1 #90bis meeting regarding semi-static and dynamic signaling of the NR slot format configuration as described in [1]. This contribution discusses several remaining open issues, some of which were summarized in [2].  
UE behavior for dynamic and semi-static signaling of slot format 
The NR slot format structure consists of DL, UL and Unknown (abbreviated herein as UK) symbols. The slot format for a set of slots of a given periodicity may be provided to a UE by cell-specific and dedicated semi-static signaling, group-common dynamic signaling or not at all. The latter case, where no signaling is provided to the UE, represents the dynamic TDD scenario, where the UE monitors for PDCCH in all slots except slots – or parts of slots – where the UE is configured (PRACH, SRS, PUCCH) or scheduled for UL transmission. 
It was agreed in the RAN1 email discussion [90b-NR-24] that DL/UL symbols indicated by RRC signaling of the UL-DL assignment cannot be changed by L1 signaling, whereas Unknown symbols can be changed. It was also agreed that UE-specific measurement related signals/channels such as P/SP-CSI-RS, P-CSI report, SR, P/SP-SRS configured on Unknown symbols can be overridden by L1 signaling including GC-PDCCH and UE-specific PDCCH. Some outstanding aspects regarding UE behavior are
1. Interpretation of Unknown symbols indicated by cell-specific or UE-specific RRC signaling
a. Note that a UE does not transmit or receive on symbols indicated as Unknown by a detected GC-PDCCH except otherwise indicated by UE-specific scheduling.
2. Handling of cell-specific measurement related signals/channels.
3. Handling of configured DL assignments or grant-free UL transmission occasions.

To resolve the first issue we first review the reasons why the UK symbol designation was introduced in the first place. First, it was observed that a primary use case for dynamic signaling of SFI was to reduce the power consumption resulting from frequent PDCCH monitoring in dynamic TDD scenarios (i.e. no signaling of UL-DL assignment/configuration).  This is facilitated by defining a flexible symbol where the UE does not need to transmit/receive except when instructed to do so by dedicated L1 signaling.  Secondly, UK symbols provide a network the flexibility and nimbleness to dynamically change transmission directions in response to changing traffic and/or interference conditions. Finally, including UK symbols in cell-specific or dedicated RRC signaling allows a network to set a minimum number of fixed DL or UL slots/symbols needed for e.g. cell acquisition and RRM measurements while leaving the rest flexible. 
A different viewpoint is to define two types of Unknown symbols. A Type1 Unknown symbol is signaled by RRC, wherein a UE only monitors for PDCCH when a PDCCH monitoring occasion coincides with this symbol, while other types of reception or transmission are prohibited except when overwritten by UE-specific scheduling. A Type 2 Unknown symbol is signaled by SFI carried in a GC-PDCCH, wherein the UE neither transmits nor receives channels/signals. This alternative viewpoint of classifying two types of UK symbols is partly motivated by how a UE should handle the case where SFI detection error leaves the UE unsure of how to treat slots/symbols until the next SFI monitoring occasion. Specifically, it was proposed during the RAN1 email discussion of [90b-NR-24] that the UE should at least monitor PDCCH when it misses a dynamically signaled SFI. 
Both viewpoints have merit and need to be addressed in a holistic manner. One solution is as follows:

Proposal: A UE does not receive or transmit on symbols indicated as Unknown by RRC signaling or SFI contained in a detected GC-PDCCH with the following exception,
· If SFI decoding fails the UE only monitors for PDCCH in configured PDCCH monitoring occasions until the next SFI monitoring occasion. 
 
Special consideration is required for channels and signals that are cell-common. Towards this goal we first categorize measurement-related channels/signals into two types. 
· Type1 measurement-related channels/signals are those for which the transmission direction is determined during cell acquisition or provided by RMSI. Such channels/signals include SSBs (PSS/SSS/PBCH) detected during cell search, RMSI CORESET monitoring occasions and PRACH occasions configured by RMSI. Note that these channels/signals can be distinguished from other signals/channels provided by other system information (OSI). Here we assume that a cell-specific UL-DL configuration, if provided, is indicated by OSI. The transmission directions for Type1 measurement-related signals/channels should not be changed, as they are required to access the cell and transition from idle to connected mode.
· Type2 measurement-related channels/signals are configured by dedicated RRC signaling and, as agreed, can be overridden when configured on UK symbols. These include P/SP-CSI-RS, P-CSI report and SR on PUCCH, and P/SP-SRS.
It should be noted that for Type1 measurement-related channels/signals, the monitoring duty cycle may not be aligned with a configured cell-specific UL-DL switching periodicity. For example, while switching periodicities of 0.5/1/2/5/10 ms are supported, candidate SSB locations for initial access are confined to the first 5ms of a 20ms SS burst set cycle. An example is shown in Figure 1 for 15 KHz SCS where up to 8 candidate locations are defined for a carrier frequency between 3 and 6 GHz. If the gNB configures an UL-DL assignment [D, UK, UK, U, U] with switching periodicity of 5ms, this should not apply to the first 5ms within the burst set cycle since SSBs are transmitted therein. To allow network flexibility it is simpler if the UE assumes that symbols containing Type1 measurement-related signals/channels are not changed by RRC signaled UL-DL assignment or L1 signaling.  
[image: ]
[bookmark: _Ref498335490]Figure 1 Candidate SSB locations within a 20ms SS burst set cycle and non-matching UL-DL assignment

Proposal: a UE may assume that the transmission direction of Type1 measurement-related channels/signals – SSBs detected during cell search, RMSI CORESET and PRACH occasions configured by RMSI – is not changed by RRC signaling or L1 signaling of an UL-DL assignment, i.e. a signaled UL-DL assignment does not overwrite Type1 measurement-related channel/signals. 

Regarding Type2 measurement-related signals/channels the following was agreed after email discussion [90b-NR-24]:
	Agreements:
· For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment: 
· DL/UL direction implied by measurement can be overwritten by unknown in dynamic SFI 
· UE behavior will be the cancellation of the measurement or measurement related transmission
· DL/UL direction implied by measurement can be overwritten by UL/DL from dynamic SFI 
· UE behavior will be the cancellation of the measurement or measurement related transmission
· DL/UL direction implied by measurement can be overwritten by UE’s own UE-specific data if the UE specific data implies the other direction 
· UE behavior will be the cancellation of the measurement or measurement related transmission
· UE will follow the DCI for UE-specific data transmission and reception



As the transmission direction implied by a Type2 measurement can be overwritten by a UE-specific scheduling DCI, UE behavior may need to be defined for PDCCH detection error. For example, a PDCCH scheduling PDSCH on a set of Unknown symbols is not detected and a subset of same symbols was semi-statically configured for P-SRS.  The consequence of such a missed PDCCH is quite different from missed SFI since here it results in UL-to-DL interference, while for SFI there is no major issue if the UE does nothing (declares all symbols as Unknown). A simple solution – although it leads to some network restriction – is that Type1 UL channels (P-CSI/SR/P-SRS) are not configured on RRC-signaled Unknown symbols.

Handling of configured grants
How the UE handles configured grants with dynamic signaling of SFI has not been discussed to the best of our knowledge. At a minimum it should be straightforward to agree that a UE disregards a configured DL assignment or UL grant on symbols indicated as Unknown by RRC signaling if a dynamically signaled SFI changes the transmission direction. Secondly, for if the HARQ-ACK timing associated with a DL SPS reception falls in a set of symbols or a slot indicated as Unknown, the UE should assume that the transmission direction is UL and transmit the HARQ-ACK on PUCCH. This would be somewhat aligned with the principle that Unknown can be overwritten by UE specific data since detection of SPS PDSCH implies that HARQ-ACK is scheduled.

Proposal: A UE disregards a configured DL assignment or UL grant on symbols indicated as Unknown by RRC signaling if a dynamically signaled SFI changes the transmission direction. Furthermore, if HARQ-ACK timing corresponding to a received SPS PDSCH falls in a slot or set of symbols indicated as Unknown, the UE transmits the HARQ-ACK on PUCCH. 
Details of Slot Formats
In this section we consider outstanding details of the RRC signaled UL-DL configuration and the basic slot formats that make up the SFI for a set of slots signaled by the GC-PDCCH. Regarding cell-specific UL-DL assignment the relevant agreements are shown here for convenience
	Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:
· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;
· Each periodicity is supported for particular SCS(s)/slot duration(s)
· FFS: details
· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 
· For DL resources indication, the signaling include:
· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}
· For UL resource indication, the signaling include:
· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)} 
· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13} 
· The resource(s) in a period between DL and UL segments are unknown resources.
· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.



These agreements leave wide latitude for the number of UL-DL configurations that can be specified over all the numerologies and switching periodicities. We propose some rules to limit the number of supported configurations that are meaningful in practice. As a first rule we propose a lower bound of ~4 slots for a given periodicity as there doesn’t seem to be a need for shorter cell-specific UL-DL periodicity. For below 6 GHz, an upper bound of 20 slots is proposed, which is sufficient for DL-UL switching periodicity of 5ms. Table 1 shows the proposed switching periodicities for each subcarrier spacing (SCS). 
[bookmark: _Ref498150044]Table 1 Proposed UL-DL switching periodicities in slots
	µ
	KHz
	Switching periodicity (ms)

	
	
	0.5
	1
	2
	5
	10

	0
	15
	
	
	
	5
	10

	1
	30
	
	
	4
	10
	20

	2
	60
	
	4
	8
	20
	

	3
	120
	4
	8
	16
	
	

	4
	240
	8
	16
	
	
	

	5
	480
	16
	
	
	
	



For coexistence, NR should support typical LTE UL-DL configurations including the GP duration of special subframe configurations. Finally, the cell-specific UL-DL configuration should be designed with a maximum number of UK slots/symbols given that
· DL/UL slots and symbols cannot be flexibly changed to a different transmission direction by any other signaling
· UE-specific signaling can further tailor the UL-DL assignment according to the needs of a given UE
· Measurement related occasions semi-statically configured by UE-specific RRC signaling can overwrite cell-specific UK symbols 

Table 2 defines a single cell-specific reference NR UL-DL configuration that can match all LTE UL-DL configurations for 15 KHz SCS. 
[bookmark: _Ref498159677]Table 2 Comparison of reference NR cell-specific UL-DL configuration to LTE
	System
	Configuration
	DL-UL switching periodicity (ms)
	Slot number

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	NR
	0
	5
	D
	UK
	UK
	UK
	UK
	D
	UK
	UK
	UK
	UK

	LTE
	0
	5
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

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

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

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

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

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

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



The principle behind this NR pattern can be re-used for other switching periodicities for the remaining SCS values.  For instance, for a switching periodicity of 4 slots the pattern {D, UK, UK, UK} can be adopted.

Proposal: At least the cell-specific UL-DL configuration [D, UK, UK, UK, UK] is defined in Release 15.

UE-specific signaling of UL-DL assignment can only change the Unknown slots/symbols indicated by cell-specific RRC signaling to a mix of DL/UK/UL. In lieu of, or in addition to, such dedicated RRC signaling, dynamic signaling of SFI, if configured, can also change Unknown slots/symbols to UL or DL. From this perspective slot formats containing a mix of DL, UK and UL symbols can be signaled by either UE-specific RRC signaling or by SFI in a GC-PDCCH. However, it was also agreed that for SFI, up to two DL-UL switching points can be signaled for a given slot. Nevertheless, a basic set of slot formats can be defined in NR and used by UE-specific RRC signaling and L1-signaled SFI carried in a GC-PDCCH.

Proposal: a basic set of slot formats is used for both dedicated RRC signaling and for SFI carried by the GC-PDCCH.
It was agreed to support up to [256] entries for the table of slot formats. For Rel-15 we propose the following slot formats for inclusion in the table. The entries are selected to 
· Support different GPs observed in LTE
· Different DL durations accounting for different CORESET durations. 
· Slot-based and mini-slot-based scheduling durations
· Flexible Unknown regions that can be used in both UE-specific RRC signaling and L1-signaled SFI

Proposal: at least the slot format patterns in Table 3 are supported in Release 15.
[bookmark: _Ref498338363]Table 3 Proposed slot format patterns in the form DL-UK-UL
	SFI Index
	Slot format
	SFI Index
	Slot format
	SFI Index
	Slot format

	0
	14, 0, 0
	10
	2, 12, 0
	20
	0,6,1,1,6,0

	1
	13, 1, 0
	11
	2, 1, 11
	21
	1,6,0,1,6,0

	2
	12, 1, 1
	12
	2, 10, 2
	
	

	3
	12, 2, 0
	13
	1, 13, 0
	
	

	4
	11, 1, 2
	14
	1, 12, 1
	
	

	5
	11, 2, 1
	15
	0, 0, 14
	
	

	6
	10, 3, 1
	16
	0, 2, 12
	
	

	7
	10, 2, 2
	17
	0, 4, 10
	
	

	8
	3, 10, 1
	18
	0, 14, 0
	
	

	9
	3, 11, 0
	19
	5,1,1,5,1,1
	
	



Remaining details of GC-PDCCH configuration
Channel coding of SFI
As discussed in previous contributions e.g. [3] the channel coding scheme is still an open issue between reusing polar coding, similar to other DCI formats, or using RM coding if the payload without CRC is less than 12 bits. A way forward proposed in [2] is to select the coding scheme based on the configured payload size. However, the critical issue is the detection reliability of the GC- PDCCH. An example of CRC-less control transmission is in the PUCCH but the consequence of detection error is quite different.  For UCI without CRC protection, erroneous UCI feedback may lead to some throughput degradation for an erroneous CSI report or DTX/NACK  ACK error. In contrast, erroneous detection of SFI may lead to both inter-cell and intra-cell UL-DL interference. CRC provides a reliable mechanism for handling SFI detection error.  Therefore, our preference remains to support CRC protection for SFI transmission.

Proposal: SFI is CRC protected before polar coding. If payload size is less than 12 bits, padding is used reach a minimum payload size for polar coding.


Support of multiple bandwidth parts and CA
A UE may be configured to receive and/or transmit data on multiple bandwidth parts (BWPs). In addition, a scheduling DCI may switch data reception/transmission from the currently active BWP to a different BWP, which is then activated by virtue of this scheduling assignment. To maintain SFI monitoring across BWP switching, a UE should be configured to monitor for the SFI on each configured BWP. This would include the CORESET configuration and the monitoring periodicity. 

As the numerology may be different on each BWP, the UE may be configured with a separate SFI table per configured numerology. An alternative solution is that a common SFI table can be configured based on a given reference numerology such that it is applicable across all BWPs. The primary benefit of this solution is to provide a unified solution for SFI signaling that is independent of BWP switching since in general, DL and UL symbols would not change across the carrier bandwidth. A secondary benefit is that if BWP switching occurs between SFI monitoring occasions it would not be affected by a change in numerology. An illustration is shown in Figure 2 of two BWPs at 15 and 30 KHz respectively. The UE is configured with an SFI table based on the 15 KHz SCS and the same table holds for the 30 KHz BWP. 

[image: ]
[bookmark: _Ref489869244]Figure 2 Illustration of SFI indication that is applicable across BWPs configured with different numerologies.
It should also be noted in Figure 2 that the DL-UL switching gap may not necessarily be the same for both BWPs. For instance, if the actual DL-UL switching time and required timing advance fall within 1-symbol duration at 30 KHz, then an extra OFDM symbol can be indicated as DL in Figure 2. However, this is not an issue since a UE-specific scheduling assignment can overwrite the extra Unknown symbol.

Proposal: A UE is semi-statically configured by RRC signaling with an SFI table based on a given reference numerology. The SFI is valid across all configured BWPs in a given serving cell.

Furthermore, if SFI contained in a GC-PDCCH transmitted in a first cell indicates the slot format for a second cell, the SFI applies to all configured BWPs on the second cell.

Proposal: if a UE is configured to monitor a group-common search space on a first cell for a GC-PDCCH carrying SFI for a second cell, the detected SFI applies to all configured BWPs in this second cell.


Conclusion
This contribution discussed several remaining issues for slot format indication. The proposals below summarize the discussion in this paper:
Proposal: A UE does not receive or transmit on symbols indicated as Unknown by RRC signaling or SFI contained in a detected GC-PDCCH with the following exception
· If SFI decoding fails the UE only monitors for PDCCH in configured PDCCH monitoring occasions until the next SFI monitoring occasion. 
Proposal: a UE may assume that the transmission direction of Type1 measurement-related channels/signals – SSBs detected during cell search, RMSI CORESET and PRACH occasions configured by RMSI – is not changed by RRC or L1 signaling of an UL-DL assignment, i.e. a signaled UL-DL assignment does not overwrite Type1 measurement-related channel/signals. 
Proposal: A UE disregards a configured DL assignment or UL grant on symbols indicated as Unknown by RRC signaling if a dynamically signaled SFI changes the transmission direction. Furthermore, if HARQ-ACK timing corresponding to a received SPS PDSCH falls in a slot or set of symbols indicated as Unknown, the UE transmits the HARQ-ACK on PUCCH. 

Proposal: At least the cell-specific UL-DL configuration [D, UK, UK, UK, UK] is defined in Release 15.
Proposal: a basic set of slot formats is used for both dedicated RRC signaling and for SFI carried by the GC-PDCCH. At least the following slot format patterns are supported in Release 15.
	SFI Index
	Slot format
	SFI Index
	Slot format
	SFI Index
	Slot format

	0
	14, 0, 0
	10
	2, 12, 0
	20
	0,6,1,1,6,0

	1
	13, 1, 0
	11
	2, 1, 11
	21
	1,6,0,1,6,0

	2
	12, 1, 1
	12
	2, 10, 2
	
	

	3
	12, 2, 0
	13
	1, 13, 0
	
	

	4
	11, 1, 2
	14
	1, 12, 1
	
	

	5
	11, 2, 1
	15
	0, 0, 14
	
	

	6
	10, 3, 1
	16
	0, 2, 12
	
	

	7
	10, 2, 2
	17
	0, 4, 10
	
	

	8
	3, 10, 1
	18
	0, 14, 0
	
	

	9
	3, 11, 0
	19
	5,1,1,5,1,1
	
	



Proposal: SFI is CRC protected before polar coding. If payload size is less than 12 bits, padding is used reach a minimum payload size for polar coding.

Proposal: A UE is semi-statically configured by RRC signaling with an SFI table based on a given reference numerology. The SFI is valid across all configured BWPs in a given serving cell.
Proposal: if a UE is configured to monitor a group-common search space on a first cell for a GC-PDCCH carrying SFI for a second cell, the detected SFI applies to all configured BWPs in this second cell.
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