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1	Introduction
[bookmark: _Ref178064866]In RAN#83 the new WI on physical layer enhancements for NR URLLC was approved [1]. One objective of the WI is specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH. To satisfy this objective for configured grant PUSCH we note that there is an issue with RRC configuration of TDD patterns for URLLC use cases. This issue also applies to DL SPS as studied in NR IIoT WI (RP-190728).
2	Discussion
In Rel-15, the TDD-UL-DL-Config information element for semi-static configuration of TDD pattern is defined as follows in [2] 
[bookmark: _Toc535261591]–	TDD-UL-DL-Config
The TDD-UL-DL-Config IEs determines the Uplink/Downlink TDD configuration. There are both, UE- and cell specific IEs.
TDD-UL-DL-Config information element
-- ASN1START
-- TAG-TDD-UL-DL-CONFIG-START

TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                                                           OPTIONAL, -- Need R
    ...
}

TDD-UL-DL-Pattern ::=               SEQUENCE {
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),
    ...,
    [[
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                                   OPTIONAL -- Need R
    ]]
}

TDD-UL-DL-ConfigDedicated ::=       SEQUENCE {
    slotSpecificConfigurationsToAddModList      SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotConfig           OPTIONAL, -- Need N
    slotSpecificConfigurationsToreleaseList     SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotIndex            OPTIONAL, -- Need N
    ...
}

TDD-UL-DL-SlotConfig ::=            SEQUENCE {
    slotIndex                           TDD-UL-DL-SlotIndex,
    symbols                             CHOICE {
        allDownlink                         NULL,
        allUplink                           NULL,
        explicit                            SEQUENCE {
            nrofDownlinkSymbols                 INTEGER (1..maxNrofSymbols-1)                                       OPTIONAL, -- Need S
            nrofUplinkSymbols                   INTEGER (1..maxNrofSymbols-1)                                       OPTIONAL  -- Need S
        }
    }
}

TDD-UL-DL-SlotIndex ::=             INTEGER (0..maxNrofSlots-1)

-- TAG-TDD-UL-DL-CONFIG-STOP
-- ASN1STOP

	TDD-UL-DL-ConfigCommon field descriptions

	referenceSubcarrierSpacing
Reference SCS used to determine the time domain boundaries in the UL-DL pattern which must be common across all subcarrier specific carriers, i.e., independent of the actual subcarrier spacing using for data transmission. Only the values 15, 30 or 60 kHz (<6GHz) and 60 or 120 kHz (>6GHz) are applicable. The network configures a not larger than any SCS of configured BWPs for the serving cell. Corresponds to L1 parameter 'reference-SCS' (see TS 38.213 [13], clause 11.1).



	TDD-UL-DL-Pattern field descriptions

	dl-UL-TransmissionPeriodicity
Periodicity of the DL-UL pattern, see TS 38.213 [13], clause 11.1. If the dl-UL-TransmissionPeriodicity-v1530 is signalled, UE shall ignore the dl-UL-TransmissionPeriodicity (without suffix).

	nrofDownlinkSlots
Number of consecutive full DL slots at the beginning of each DL-UL pattern, see TS 38.213 [13], clause 11.1. In this release, the maximum value for this field is 80.

	nrofDownlinkSymbols
Number of consecutive DL symbols in the beginning of the slot following the last full DL slot (as derived from nrofDownlinkSlots). The value 0 indicates that there is no partial-downlink slot. (see TS 38.213 [13], clause 11.1).

	nrofUplinkSlots
Number of consecutive full UL slots at the end of each DL-UL pattern, see TS 38.213 [13], clause 11.1. In this release, the maximum value for this field is 80.

	nrofUplinkSymbols
Number of consecutive UL symbols in the end of the slot preceding the first full UL slot (as derived from nrofUplinkSlots). The value 0 indicates that there is no partial-uplink slot. (see TS 38.213 [13], clause 11.1).



	TDD-UL-DL-ConfigDedicated field descriptions

	slotSpecificConfigurationsToAddModList
The slotSpecificConfiguration allows overriding UL/DL allocations provided in tdd-UL-DL-configurationCommon, see TS 38.213 [13], clause 11.1. 



	TDD-UL-DL-SlotConfig field descriptions

	nrofDownlinkSymbols
Number of consecutive DL symbols in the beginning of the slot identified by slotIndex. If the field is absent the UE assumes that there are no leading DL symbols. (see TS 38.213 [13], section FFS_Section).

	nrofUplinkSymbols
Number of consecutive UL symbols in the end of the slot identified by slotIndex. If the field is absent the UE assumes that there are no trailing UL symbols. (see TS 38.213 [13], section FFS_Section).

	slotIndex
Identifies a slot within a dl-UL-TransmissionPeriodicity (given in tdd-UL-DL-configurationCommon).

	symbols
The direction (downlink or uplink) for the symbols in this slot. "allDownlink" indicates that all symbols in this slot are used for downlink; "allUplink" indicates that all symbols in this slot are used for uplink; "explicit" indicates explicitly how many symbols in the beginning and end of this slot are allocated to downlink and uplink, respectively.



When defining transmission direction on symbol level, the fields nrofDownlinkSymbols and nrofUplinkSymbols are used, indicating how many symbols in the beginning of a slot are DL symbols, and how many symbols in the end of a slot are UL symbols. If nrofDownlinkSymbols + nrofUplinkSymbols < 14, any symbols in the middle are flexible symbols. Flexible symbols can be used for dynamic scheduling of PUSCH and PDSCH, but not for DL-SPS or UL configured grant as can be seen in Section 11.1 in [3]:

	For a set of symbols of a slot indicated to a UE as flexible by TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
-	…[some bullet points omitted]…
-	if the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink
-	if the UE is configured by higher layers to transmit PUCCH, or PUSCH, or PRACH in the set of symbols of the slot, the UE transmits the PUCCH, or the PUSCH, or the PRACH in the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as uplink




This means that it is possible to have at most one switching point between DL and UL using a semi-static TDD pattern.

[bookmark: _Toc5149192]Flexible symbols cannot be used for configured grant or DL-SPS.

[bookmark: _Toc5149193]RRC configured TDD patterns only allow a single switching point per slot.

When using the slot format indicator (SFI) to indicate DL and UL symbols in a slot it is possible to have more than one switching point per slot, see for example the highlighted entries in Table 11.1.1-1 [3], where we have omitted any entries with fewer than two switching points:

[bookmark: _Hlk512253773]Table 11.1.1-1: Slot formats for normal cyclic prefix
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...
	...

	46
	D
	D
	D
	D
	D
	F
	U
	D
	D
	D
	D
	D
	F
	U

	47
	D
	D
	F
	U
	U
	U
	U
	D
	D
	F
	U
	U
	U
	U

	48
	D
	F
	U
	U
	U
	U
	U
	D
	F
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	F
	F
	U
	D
	D
	D
	D
	F
	F
	U

	50
	D
	D
	F
	F
	U
	U
	U
	D
	D
	F
	F
	U
	U
	U

	51
	D
	F
	F
	U
	U
	U
	U
	D
	F
	F
	U
	U
	U
	U

	52
	D
	F
	F
	F
	F
	F
	U
	D
	F
	F
	F
	F
	F
	U

	53
	D
	D
	F
	F
	F
	F
	U
	D
	D
	F
	F
	F
	F
	U

	54
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56 – 254 
	Reserved

	255
	UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated and, if any, on detected DCI formats



If the network wants to operate the system with more than one DL UL switching point per slot to decrease latency it needs to continuously transmit DCI format 2_0. Since missed detection of the slot format indicator will lead to a mismatch in the understanding of which symbols are used for UL and DL, DCI format 2_0 needs to be transmitted with a high AL level to ensure a low BLER. This increases the chance of PDCCH blocking and/or wrongly detecting DCI format 2_0.
[bookmark: _Toc5149194]Using DCI format 2_0 to continuously indicate a slot format increases the chance of PDCCH blocking and missed transmission due to errors in detection of slot format.
Based on these observations we propose the following:
[bookmark: _Toc5149202]Allow more flexible configuration of TDD pattern on symbol level trough RRC configuration by introducing a new bitmap based explicit uplink and downlink pattern in TDD-UL-DL-SlotConfig.
[bookmark: _Toc1196865][bookmark: _Toc1196965][bookmark: _Toc535035011][bookmark: _In-sequence_SDU_delivery]Conclusion
In the previous sections we made the following observations: 
Observation 1	Flexible symbols cannot be used for configured grant or DL-SPS.
Observation 2	RRC configured TDD patterns only allow a single switching point per slot.
Observation 3	Using DCI format 2_0 to continuously indicate a slot format increases the chance of PDCCH blocking and missed transmission due to errors in detection of slot format.

Based on the discussion in the previous sections we propose the following:
[bookmark: _GoBack]Proposal 1	Allow more flexible configuration of TDD pattern on symbol level trough RRC configuration by introducing a new bitmap based explicit uplink and downlink pattern in TDD-UL-DL-SlotConfig.
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