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Introduction
The PDCCH monitoring behaviour is defined with respect to DRX, measurement gap and PDCCH occasion in 3GPP TS 38.321-f20, while the UE behaviour of PDCCH monitoring with respect to flexible TDD has not been sufficiently discussed yet. This paper investigates the UE behaviour of PDCCH monitoring in flexible slots when flexible TDD is configured. This issue was discussed in RAN2#103 with the following outcome:
R2-1811611	PDCCH monitoring and duplex mode operation	Ericsson	discussion	Rel-15	NR_newRAT-Core	R2-1810059
Noted
R2-1811612	Correction to duplex operation	Ericsson	CR	Rel-15	38.321	15.2.0	0232	1	F	NR_newRAT-Core	R2-1810055
R2-1812028	Correction on half-duplex and flexible UL DL configuration	Nokia, Nokia Shanghai Bell	CR	Rel-15	38.321	15.2.0	0353	-	F	NR_newRAT-Core
DISCSUSSION on above two CRs
· Huawei wonders about half duplex on the cover page
· Ericsson think the Nokia CR depends on DRX
· QC prefers Ericsson TP
· Chair think that several conditions in the Ericsson CR looks very R1’ish. 
Postpone again (allow further checking R1 specs)
In this paper we provide a more detailed investigation of R1 specs.
[bookmark: _Ref178064866]Discussion
In the following, the PDCCH monitoring behaviour in the UE and flexible TDD operation by referring the RRC protocol, MAC protocol and PHY specification is briefly summarized. Based on this summary the necessity to clarify the UE behaviour of PDCCH monitoring in case of flexible TDD is discussed:
Existing UE behaviour of PDCCH monitoring in MAC
In 3GPP TS 38.321-f20, the UE behaviour for PDCCH monitoring is explicitly defined. 
[bookmark: _Toc510431867]In section "5.3.1 DL Assignment reception", the UE behaviour to monitor downlink assignment is defined:
“Downlink assignments received on the PDCCH both indicate that there is a transmission on a DL-SCH for a particular MAC entity and provide the relevant HARQ information.
When the MAC entity has a C-RNTI, Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion during which it monitors PDCCH and for each Serving Cell:
…”
The UE monitors PDCCH according to configured PDCCH occasion, wherein the PDCCH occasion is defined based on DCI search space, e.g., the common search space and UE specific search spaces configured in a CORESET.
[bookmark: _Toc510431888]In section "5.7  Discontinuous Reception (DRX)", it is defined that a UE should monitor PDCCH when it is not in sleep state during a DRX procedure:
“The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CS-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other subclauses of this specification. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously.”
During the sleep state of DRX operation, the UE may skip the PDCCH monitoring for UE power saving.
[bookmark: _Toc510431897]In section "5.14 Handling of measurement gaps", the UE behaviour of PDCCH monitoring during measurement gap is defined:
“During a measurement gap, the MAC entity shall:
1>	not perform the transmission of HARQ feedback, SR, and CSI;
1>	not report SRS;
1>	not transmit on UL-SCH except for Msg3 as specified in subclause 5.4.2.2;
1>	if the ra-ResponseWindow or the ra-ContentionResolutionTimer is running:
2>	monitor the PDCCH as specified in subclauses 5.1.4 and 5.1.5.
1>	else:
2>	not monitor the PDCCH.”
During the measurement gap, the UE should continue to monitor PDCCH if RAR message or contention resolution message (Msg4) is expected, otherwise, the UE does not monitor PDCCH.
According to the defined PDCCH monitoring behavior, we can observe that:
1. [bookmark: _Toc513622445][bookmark: _Toc513626404][bookmark: _Toc513627627][bookmark: _Toc513627675][bookmark: _Toc513627708][bookmark: _Toc513638239][bookmark: _Toc513638666][bookmark: _Toc513639041][bookmark: _Toc513645615][bookmark: _Toc517279782][bookmark: _Toc525736891][bookmark: _Toc525830385]A UE is required to monitor PDCCH in all its configured DCI search spaces unless the UE is in measurement gap or sleep state according to the DRX procedure.

Flexible TDD
[bookmark: _Hlk512253773]The signalling to configure the UL-DL configuration (i.e. TDD configuration) of NR is defined in 3GPP TS 38.331. There are both cell specific TDD configuration which is conveyed via system information (TDD-UL-DL-ConfigCommon IE) and UE specific TDD configuration which is conveyed via dedicated RRC signalling (TDD-UL-DL-ConfigDedicated IE). The cell specific TDD configuration is defined using a periodic TDD configuration pattern, where the period of TDD configuration repetition pattern can be one of 0.5, 0.625, 1, 1.25, 2, 2.5, 5 and 10 ms. One TDD configuration pattern comprises a number of DL slots followed by a number of DL symbols from the start of the TDD configuration pattern, a number of UL symbols followed by a number of UL slots from the middle to the end of the TDD configuration pattern, and a number of flexible slots and/or flexible OFDM symbols in between. The UE specific TDD configuration pattern is configured via a set of slot format indicators, where each slot format indicates a slot format comprising 0 to multiple DL OFDM symbols, 0 to multiple flexible OFDM symbols and 0 to multiple uplink OFDM symbols in a slot. The slot format is defined in Table 11.1.1-1of 3GPP TS 38.213-f20. A flexible slot/OFDM symbol(s) can be configured or dynamically scheduled for DL (e.g., PDCCH/PDSCH, SSB/PBCH, CSI-RS) or UL transmission (e.g., PUCCH/PUSCH, SRS) according to the data/signalling transmission need. Hence, DCI search spaces can be configured in the flexible slots/OFDM symbols. A UE should monitor the PDCCH in these DCI search spaces accordingly.

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),
	...
}

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)
			

1. [bookmark: _Toc513622446][bookmark: _Toc513626405][bookmark: _Toc513627628][bookmark: _Toc513627676][bookmark: _Toc513627709][bookmark: _Toc513638240][bookmark: _Toc513638667][bookmark: _Toc513639042][bookmark: _Toc513645616][bookmark: _Toc517279783][bookmark: _Toc525736892][bookmark: _Toc525830386]For TDD operation, there can be flexible slots/OFDM symbols which can be dynamically used for UL or DL transmission, 
1. [bookmark: _Toc513622447][bookmark: _Toc513626406][bookmark: _Toc513627629][bookmark: _Toc513627677][bookmark: _Toc513627710][bookmark: _Toc513638241][bookmark: _Toc513638668][bookmark: _Toc513639043][bookmark: _Toc513645617][bookmark: _Toc517279784][bookmark: _Toc525736893][bookmark: _Toc525830387]DCI search spaces can be configured in flexible slots/OFDM symbols;
1. [bookmark: _Toc513622448][bookmark: _Toc513626407][bookmark: _Toc513627630][bookmark: _Toc513627678][bookmark: _Toc513627711][bookmark: _Toc513638242][bookmark: _Toc513638669][bookmark: _Toc513639044][bookmark: _Toc513645618][bookmark: _Toc517279785][bookmark: _Toc525736894][bookmark: _Toc525830388]a UE should monitor PDCCH in these DCI search spaces.
Depending on scheduling decision of gNB or TDD configuration of RRC configuration, a UE can be required to perform uplink transmission (e.g. PUCCH/PUSCH and/or SRS) in a flexible slot/OFDM symbol(s), during which the UE cannot perform PDCCH monitoring in the same carrier. 
1. [bookmark: _Toc513622449][bookmark: _Toc513626408][bookmark: _Toc513627631][bookmark: _Toc513627679][bookmark: _Toc513627712][bookmark: _Toc513638243][bookmark: _Toc513638670][bookmark: _Toc513639045][bookmark: _Toc513645619][bookmark: _Toc517279786][bookmark: _Toc525736895][bookmark: _Toc525830389]When an uplink transmission and a DCI search space in the same carrier overlap in time domain, the UE cannot perform the uplink transmission and the PDCCH monitoring simultaneously.
Relevant part in PHY specification
In the PHY specification, the UE behavior for PDCCH monitoring with respect to the TDD configuration change is not explicitly defined. In Section 4.3.2 of 3GPP TS 38.211, there are relevant descriptions below.
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.
According to this description, it implies that a UE is not required to perform downlink data reception before the end of data, where Tc means the sampling period of UE physical layer.
1. [bookmark: _Toc525736896][bookmark: _Toc525830390]According to PHY specification, a UE not capable of full-duplex is not required to perform downlink reception before the end of uplink transmission.
Except this description, there is no relevant description to define the UE behaviour of PDCCH monitoring with respect to flexible TDD. This means:
1. [bookmark: _Toc525736897][bookmark: _Toc525830391]In PHY specification, UE behavior with respect to PDCCH monitoring is not explicitly defined.
As NR supports flexible TDD in Rel-15 as a basic feature of NR, explicit definition of UE behaviour on PDCCH monitoring in case of flexible TDD is valuable and necessary in order to avoid ambiguity of UE behaviour for PDCCH monitoring. Hence, we propose
[bookmark: _Toc525807207]UE behaviour on PDCCH monitoring in case of flexible TDD should be explicitly defined in the MAC specification.
PDCCH monitoring in case of flexible TDD
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]When an uplink transmission and a DCI search space in the same cell overlap in time domain for a UE not capable of full-duplex, it is evident that the uplink transmission should be prioritized over PDCCH monitoring, i.e. the UE should perform the configured uplink transmission instead of PDCCH monitoring:
[bookmark: _Toc513622578][bookmark: _Toc513622647][bookmark: _Toc513638244][bookmark: _Toc513639046][bookmark: _Toc525807208]A UE not capable of full-duplex does not monitor PDCCH on a cell when the corresponding PDCCH occasion overlaps with an uplink transmission (e.g. PUCCH, PUSCH, SRS or PRACH) in time domain on the same serving cell.
There is a corresponding CR in R2-1814792.
Conclusion
Based on the discussion in section 2 we observe the following:
Observation 1	A UE is required to monitor PDCCH in all its configured DCI search spaces unless the UE is in measurement gap or sleep state according to the DRX procedure.
Observation 2	For TDD operation, there can be flexible slots/OFDM symbols which can be dynamically used for UL or DL transmission,
a.	DCI search spaces can be configured in flexible slots/OFDM symbols;
b.	a UE should monitor PDCCH in these DCI search spaces.
Observation 3	When an uplink transmission and a DCI search space in the same carrier overlap in time domain, the UE cannot perform the uplink transmission and the PDCCH monitoring simultaneously.
Observation 4	According to PHY specification, a UE not capable of full-duplex is not required to perform downlink reception before the end of uplink transmission.
Observation 5	In PHY specification, UE behavior with respect to PDCCH monitoring is not explicitly defined.
 Based on the discussion in section 2 we propose the following:
Proposal 1	UE behaviour on PDCCH monitoring in case of flexible TDD should be explicitly defined in the MAC specification.
Proposal 2	A UE not capable of full-duplex does not monitor PDCCH on a cell when the corresponding PDCCH occasion overlaps with an uplink transmission (e.g. PUCCH, PUSCH, SRS or PRACH) in time domain on the same serving cell.
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