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1	Introduction
The (dynamic) TDD configuration in NR is quite complex and seems to contain some inaccuracies in NR RRC. In this contribution, we attempt to clarify how the configuration is expected to work and how to make it easier to understand.
2	Principles of semi-dynamic TDD in NR
2.1	Cell-specific TDD configuration 
The basic principle of the (semi-dynamic) TDD configuration in NR is quite simple: For a fixed period of X slots, the first N slots are for DL (only), the last M slots are for UL (only), and the remaining K = X-N-M slots in the middle can be flexibly allocated via dynamic DCI commands. The value of X is fixed to only certain values, namely 0.5, 0.625, 1, 1.25, 2, 2.5, 5 or 10ms. This is illustrated in Figure 1 below (note that the term “FL”, “Flexible Link” is used to denote the slots that may be scheduled with either UL or DL depending on gNB decision).
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Figure 1. Basic principle of cell-specific configuration of dynamic TDD in NR
As noted in the picture, the first FL slot may also have the first Y symbols continuing as DL, and the last FL slot may have the last X symbols already starting as UL.
Observation 1: The first and last flexible slots of the common configuration may also contain fixed DL symbols at the beginning (first FL slot only) and UL symbols at the end (last FL slot only).
However, RAN1 decided to allow two such consecutive TDD configuration periods for NR for better flexibility. Thus, the actual basic cell-specific dynamic TDD configuration in NR is as shown below, with one or two consecutive TDD periods following the structure in Figure 1, with possibly different configurations. 
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Figure 2. Cell-specific configuration of dynamic TDD in NR
This configuration belongs to the ServingCellConfigCommon in NR RRC, and can be thus given in SIB1 (for PCell) or via dedicated signalling (for PSCell and SCells).
Observation 2: NR RRC allows to two consecutive TDD configurations in cell-specific signalling. 
Observation 3: The cell-specific configurations can only be changed via SI update (for PCell) or reconfiguration with sync (for PSCell and SCells).
2.2	UE-specific TDD configuration 
Things get complicated when we consider the next level of UE-specific configuration: In addition to the cell-specific configurations, it is possible to provide UE-specific TDD configuration as well, e.g. to override the cell-specific configurations for FL slots with something less dynamic. On the surface, it appears that this can be done for ANY slot in the TDD configuration, and need not be done for consecutive slots, certain combination of UL/DL/FL slots: All flexibility is allowed by the signalling, as illustrated in figure 3 below.
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Figure 3. Combining cell-specific and UE-specific TDD configurations in NR
However, when reading 38.213, it appears that only the FL slots will be overridden by the dedicated configuration, despite it being possible to configure FL also for UL or DL slots. To ensure this is noticed also in RRC, the field descriptions should contain reference to 38.213 by indicating “as specified in 38.213” (to avoid duplicating text in specifications).
Observation 4: The UE-specific TDD configuration can only override slots designated as “flexible”, and does NOT override pure DL or UL slots.
Hence, the figure becomes slightly different when considering this aspect as shown in Figure 4 below:
[image: ]
Figure 4. Corrected version of combining cell-specific and UE-specific TDD configurations in NR
Further, the XL slot with X symbols has a finer structure as well: It can have Y DL symbols at the beginning, Z UL symbols at the end and the remaining (middle) X-Y-Z are flexible symbols (i.e. schedulable as either). This is shown in Figure 5 below.
[image: ]
Figure 5. Structure of XL configuration possibilities at symbol level
As can be seen, Figure 5 bears a striking resemblance to the previous figures as well: The same structure of DL+FL0UL repeats at the deeper level. Thus, the dynamic TDD (configuration) behaviour is similar in both slot and symbol level, with symbol level allowing further granularity not allowed by the slot level.
[bookmark: _Hlk509907463]Observation 5: UE-specific TDD configuration allows re-defining some or all of the slots in the cell-specific TDD configuration.
Observation 6: UE-specific TDD configuration allows having flexible symbol structure for some slots while retaining a DL/UL-only symbols for some slots.
2.3	Slot Format Combinations 
The final piece of the TDD configuration comes from the Slot Format Combinations (SFC), which allow even further flexibility at scheduling level, allowing LTE eIMTA-like behaviour: The SFC can affect the (remaining) flexible link slots after the common and dedicated configuration. What the SFC does is to provide 
Continuing with the previous example, this is what the TDD configuration could look like if all levels (common, dedicated and SFC) are used:
[image: ]
Figure 5. Using SFC with common and dedicated TDD configurations
Again, this is in fact a bit misleading since the SFCs can be configured for any slot, but only apply for the FL slots. However, in case both the common and dedicated configurations would be empty, the SFCs could span the entire TDD configuration window, allowing only SFC to be used (just like with all the other levels).
Observation 7: SFC only affects the FL slots.
The structure of the SFCs are slightly different than others, as they mimic the LTE eIMTA parts, and are listed in RAN1 specifications. From RAN2 viewpoint, the structure is that a number of combination sets can be configured, and then the SFI indications in L1 will determine which SF from which SFC is used.
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Figure 5. Rough structure of SFC set 

2.4	Summary 
In summary, the TDD configuration can be depicted with a simple principle: All slots are initially flexible and are determined by scheduling (i.e. DCI). With each configuration aspect, constraints are placed on the flexibility, diminishing the scheduler choices but also reducing complexity, and allowing UE to make more assumptions on which slots/symbols will be scheduled as UL or DL. Also, it is quite likely that all the levels are NOT used together: Instead, e.g. only common could be used., only dedicated could be used, or only SFCs could be used. That depends on operator decisions, and the signalling only allows options.
Observation 8: NR TDD configuration allows for very flexibile operation, but it is likely that not all options are always used together
3	Signalling issues for TDD configuration
3.1	Inclusions conditions for common/dedicated configurations
Currently, both the ServingCellConfigCommon and ServingCellConfig indicate that Cond TDD is used for the common/dedicated TDD UL/DL configurations. However, the condition is not defined for either of the structures, making it difficult to see when the configurations are (not) allowed to be included, and what are the differences between common/dedicated configurations. This is shown in below excerpts from TS38.331, v15.1.0 (note that only the relevant fields are shown, the rest are cut out):

ServingCellConfigCommon ::=		SEQUENCE {
	-- A cell-specific TDD UL/DL configuration. Corresponds to L1 parameter 'UL-DL-configuration-common' (see 38.213, section 11.1)
	tdd-UL-DL-ConfigurationCommon		TDD-UL-DL-ConfigCommon										OPTIONAL, -- Cond TDD
	-- A second cell-specific TDD UL/DL configuration. When tdd-UL-DL-ConfigurationCommon2 is configured, the cell specific DL/UL 
	-- pattern is a concatenation of the pattern specified in tdd-UL-DL-ConfigurationCommon and the pattern specified in 
	-- tdd-UL-DL-ConfigurationCommon2. Corresponds to L1 parameter 'UL-DL-configuration-common-Set2' (see 38.211, section 11.1)
	tdd-UL-DL-ConfigurationCommon2		TDD-UL-DL-ConfigCommon										OPTIONAL, -- Cond TDD
}

ServingCellConfig ::=		SEQUENCE {
	tdd-UL-DL-ConfigurationDedicated	TDD-UL-DL-ConfigDedicated												OPTIONAL, -- Cond TDD
}

Proposal 1: Define Cond TDD for both common and dedicated TDD configurations.
3.2	Configuration of SubCarrierSpacing in TDD configuration
Both ServingCellConfigCommon and TDD-UL-DL-Config include SCS parameter,
ServingCellConfigCommon ::=		SEQUENCE {
	physCellId							PhysCellId												
	-- Subcarrier spacing of SSB. Used only for non-initial access (e.g. SCells, PCell of SCG).
	-- If the field is absent the UE shall assume the default value of the band. 
	-- Only the values 15 or 30 kHz (<6GHz), 120 or 240 kHz (>6GHz) are applicable.
	subcarrierSpacing				SubcarrierSpacing					OPTIONAL, -- Need S
}

TDD-UL-DL-ConfigCommon ::=			SEQUENCE {
	-- Reference SCS used to determine the time domain boundaries in the UL-DL pattern which must be common across all subcarrier specific
	-- virtual carriers, i.e., independent of the actual subcarrier spacing using for data transmission. 
	-- Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are applicable.
	-- Corresponds to L1 parameter 'reference-SCS' (see 38.211, section FFS_Section)
	referenceSubcarrierSpacing			SubcarrierSpacing				OPTIONAL,
}


Proposal 2: Clarify how the SCS is configured between ServingCellConfigCommon and TDD-UL-DL-Config. 
Furtherm BWPs also allow SCS parameter to be signalled, so a clarification seems necessary as to how TDD configurations are used with BWPs that are using different SCS than that given in common or dedicated signalling.
Proposal 3: Clarify how the SCS is handled between BWP configurations, ServingCellConfigCommon and TDD-UL-DL-Config. 
3.3	Field descriptions
It was agreed in RAN2#100 that the comments in ASN.1 would be moved to field descriptions. However, due to the effort needed to complete the specifications, this could not be done on time. 
Proposal 4: Create field descriptions out of the comments in ServingCellConfigCommon, ServingCellConfig, TDD-UL-DL-Config. 
3.4	Which common configuration parts can dedicated override?
As discussed in section 2, the RRC makes no note which parts each configuration can override. This is on purpose to avoid specification repetition, but it would be good to at least give the reference to 38.213 (with correct subclauses) to allow reader to find those places
Proposal 5: Add (where applicable and not yet existing) references to 38.213 subclauses to field descriptions of RRC TDD configuration fields.
4	Conclusions
Observation 1: The first and last flexible slots of the common configuration may also contain fixed DL symbols at the beginning (first FL slot only) and UL symbols at the end (last FL slot only).
Observation 2: NR RRC allows to two consecutive TDD configurations in cell-specific signalling. 
Observation 3: The cell-specific configurations can only be changed via SI update (for PCell) or reconfiguration with sync (for PSCell and SCells).
Observation 4: The UE-specific TDD configuration can only override slots designated as “flexible”, and does NOT override pure DL or UL slots.
Observation 5: UE-specific TDD configuration allows re-defining some or all of the slots in the cell-specific TDD configuration.
Observation 6: UE-specific TDD configuration allows having flexible symbol structure for some slots while retaining a DL/UL-only symbols for some slots.
Observation 7: SFC only affects the FL slots.
Observation 8: NR TDD configuration allows for very flexible operation, but it is likely that not all options are always used together
Proposal 1: Define Cond TDD for both common and dedicated TDD configurations.
Proposal 2: Clarify how the SCS is configured between ServingCellConfigCommon and TDD-UL-DL-Config. 
Proposal 3: Clarify how the SCS is handled between BWP configurations, ServingCellConfigCommon and TDD-UL-DL-Config. 
Proposal 4: Create field descriptions out of the comments in ServingCellConfigCommon, ServingCellConfig, TDD-UL-DL-Config. 
Proposal 5: Add (where applicable and not yet existing) references to 38.213 subclauses to field descriptions of RRC TDD configuration fields.
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