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1	Introduction
RAN plenary #83 agreed with the way forward on FR2 maximum UL duty cycle [1] and the following guideline to RAN4:
	· RAN#83 has discussed RAN4’s agreement on FR2 maxUplinkDutyCycle capability values for PC3 UE in [1]. 
· RAN would like to inform RAN4 and RAN2 that it has updated the FR2 maxUplinkDutyCycle capability values as follows {2%, 10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%} 
· RAN4 is asked whether any value <= 10% should be added
· RAN asks 
· RAN2 to introduce FR2 maxUplinkDutyCycle capability signalling accordingly
· RAN2 to evaluate backwards compatibility



Uplink duty cycle is a UE capability (maxUplinkDutyCycle) which facilitates the compliance described below with P-MPR < TBD [2]:
· ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;
· ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.
It was discussed in RAN4 the possible duty cycles, and RAN plenary askes RAN4 to add any value <= 10% or not. In this contribution, we discuss the impact of small uplink duty cycle from RRM and UE demodulation requirement point of view.
2	Discussion
Rel-15 TS38.101-2 assumes only TDD bands for FR2 and the evaluation period for maxUplinkDutyCycle is 10ms. Therefore we have reviewed the TDD UL-DL configuration and HARQ-ACK/CSI reporting timing for FR2 test discussed in RAN4 RRM and UE demodulation requirements in Rel-15. 
2.1	RRM test
RAN4 has agreed to configure ‘DDDSU’ for all the RRM tests with FR2 SCS=120kHz as shown in Table 1. For RRM, only UL slots (marked as ‘U’) are used for UL signal transmission such as measurement report or UL signalling (HARQ-ACK or CSI reporting), and UL symbols in ‘S’ is not used for UL signal transmission. It is observed therefore the existing RAN4 RRM test needs 20% of uplink duty cycle. 
Observation 1: RRM tests assume the uplink duty cycle of 20%.

[bookmark: _Ref4688333]Table 1	TDD UL/DL configuration used for FR2 RRM test cases (TS38.133).
Table A.3.1.4-3 TDD UL/DL configuration for SCS=120kHz
	Parameter
	Unit
	Value

	Reference channel
	
	TDDConf.3.1
	
	

	referenceSubcarrierSpacing
	kHz
	120
	
	

	TDD UL/DL pattern 1 Note 2
	
	‘DDDSU’
S=’10DL:2GP:2UL’
	
	

		dl-UL-TransmissionPeriodicity
	ms
	0.625
	
	

		nrofDownlinkSlots
	
	3
	
	

		nrofDownlinkSymbols
	
	9
	
	

		nrofUplinkSlot
	
	1
	
	

		nrofUplinkSymbols
	
	2
	
	

	TDD UL/DL pattern 2 Note 2
	
	Not configured
	
	

		dl-UL-TransmissionPeriodicity
	ms
	Not configured
	
	

		nrofDownlinkSlots
	
	Not configured
	
	

		nrofDownlinkSymbols
	
	Not configured
	
	

		nrofUplinkSlot
	
	Not configured
	
	

		nrofUplinkSymbols
	
	Not configured
	
	

	Note 1:	As specified in TS38.213 and TS 38.331.
Note 2:	For information 




2.2	UE demodulation test
RAN4 has agreed to consider two TDD configurations: ‘DDDSU’ and ‘DDSU’ for the UE demodulation requirements with FR2 SCS=120kHz as shown in Table 2. Figure 1 and Figure 2 illustrate the channel scheduling of DDDSU and DDSU, respectively. Same as the RRM test, only UL slots marked as ‘U’ are used for UL transmission, and therefore UL duty cycle is 20% for DDDSU and 25% for DDSU. 
Observation 2: UE demodulation tests assume at least the uplink duty cycle of 20%. 

[bookmark: _Ref4688994]Table 2	TDD UL/DL configuration used for FR1 UE demodulation and CSI reporting test cases (TS38.101-4).
Table A.3.1-5: TDD UL-DL pattern for SCS 120 kHz
	Parameter
	Unit
	UL-DL pattern

	
	
	FR2.120-1
	FR2.120-2

	TDD Slot Configuration pattern (Note 1)
	
	DDDSU
	DDSU

	Special Slot Configuration (Note 2)
	
	10D+2G+2U
	11D+3G+0U

	UL-DL configuration (tdd-UL-DL-ConfigurationCommon)
	referenceSubcarrierSpacing
	kHz
	120
	120

	
	dl-UL-TransmissionPeriodicity
	ms
	0.625
	0.5

	
	nrofDownlinkSlots
	
	3
	2

	
	nrofDownlinkSymbols
	
	10
	11

	
	nrofUplinkSlot
	
	1
	1

	
	nrofUplinkSymbols
	
	2
	0

	K1 value 
(PDSCH-to-HARQ-timing-indicator)
	
	K1 = [4] if mod(i,5) = 0
K1 = [3] if mod(i,5) = 1
K1 = [2] if mod(i,5) = 2
K1 = [6] if mod(i,5) = 3
	K1 = [3] if mod(i,4) = 0
K1 = [2] if mod(i,4) = 1
K1 = [5] if mod(i,4) = 3

	Note 1: D denotes a slot with all DL symbols; S denotes a slot with a mix of DL, UL and guard symbols; U denotes a slot with all UL symbols. The field is for information.
Note 2: D, G, U denote DL, guard and UL symbols, respectively. The field is for information.
Note 3: i is the slot index per frame; i = {0,…,79}






[bookmark: _Ref4689537]Figure 1	Scheduling of FR2 PDSCH demodulation with DDDSU.



[bookmark: _Ref4689539]Figure 2	Scheduling of FR2 PDSCH demodulation with DDSU. 

2.3	CSI reporting tests
RAN4 agreed to configure DDSU for CSI reporting test with FR2 SCS=120kHz in Table 2. Figure 3 illustrates the scheduling of HARQ-ACK and CSI reporting according to Table 3. Note that CSI reporting uses DDSU but the HARQ-ACK timing (K1) is different from UE demodulation requirement. According to the ratio of UL slots, DDSU requires the UL duty cycle of 25%, but as is illustrated in Figure 3, UL transmission is scheduled every 8 slots for both HARQ-ACK and CSI reporting. Therefore the effective UL duty cycle is 12.5% (1/8). 
Observation 3: CSI reporting test assume the uplink duty cycle of 12.5%.


[bookmark: _Ref4764184]Figure 3	Scheduling of FR1 CSI reporting test (CQI, PMI, RI) with DDSU. 

2.4	Discussion
Based on the observations so far, the existing RAN4 RRM and UE demodulation/CSI test need at least the UL duty cycle of 20%. This means UE only supporting max uplink duty cycle of 10% cannot pass the RRM/ demodulation/CSI requirements because it cannot transmit all the HARQ-ACK, CSI reporting, or necessary signaling. If RAN4 needs to support the UE capable of the max UL duty cycle of 10%, RAN4 needs to revisit all the RRM and UE demodulation/CSI test cases, but the work cost is not small.
[bookmark: _GoBack]We should also emphasize the current RAN4 TDD configurations ‘DDDSU’ and ‘DDSU’ are based on the requests by operators. Many operators are interested in these configurations and are going use these configurations in their commercial networks. If RAN4 keeps the maximum UL duly cycle of 10% on DDDSU or DDSU, the network cannot schedule some slots to avoid UL transmission for the UL duty cycle capability. This means operators cannot utilize all the network resources. We therefore to propose to remove maxUplinkDutyCycle values < 20%. 
Proposal: maxUplinkDutyCycle values < 20% are removed.
3	Summary
Observation 1: RRM tests assume the uplink duty cycle of 20%.
Observation 2: UE demodulation tests assume at least the uplink duty cycle of 20%. 
Observation 3: CSI reporting test assume the uplink duty cycle of 12.5%.
Proposal: maxUplinkDutyCycle values < 20% are removed.
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Appendix

[bookmark: _Ref5031550]Table 3	Test parameters used for FR2 CSI reporting tests.
[bookmark: _Hlk4670907]Table 8.1.2-1: Test parameters for CSI test cases
	Parameter
	Unit
	Value

	PDSCH transmission scheme
	
	Transmission scheme 1

	Duplex Mode
	
	TDD

	EPRE ratio of PTRS to PDSCH
	dB
	[0]

	Active DL BWP index
	
	1

	Cyclic prefix
	
	Normal

	Common serving cell parameters
	Physical Cell ID
	
	0

	
	SSB position in burst
	
	First SSB in Slot #0

	
	SSB periodicity
	ms
	20

	PDCCH configuration
	Slots for PDCCH monitoring
	
	Each slot

	
	Symbols with PDCCH
	
	0,1

	
	Number of PDCCH candidates and aggregation levels
	
	1/[8]

	
	DCI format
	
	1_1

	
	TCI state
	
	TCI state #1

	Cross carrier scheduling
	
	Not configured

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	0

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	DMRS ports indexes
	
	{1000} for Rank1
{1000,1001} for Rank2

	
	Length
	
	Single-symbol DM-RS

	
	Number of PDSCH DMRS CDM group(s) without data
	
	2

	PTRS configuration
	Frequency density (KPT-RS)
	
	2

	
	Time density (LPT-RS)
	
	1

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	[0]

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	[4]

	
	Number of CSI-RS ports (X)
	
	1

	
	CDM Type
	
	No CDM

	
	Density (ρ)
	
	3

	
	CSI-RS periodicity
	slot
	120kHz SCS: 160

	
	CSI-RS offset
	slot
	      120 kHz SCS:
80 for CSI-RS resource 1 and 2
81 for CSI-RS resource 3 and 4

	
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	
	QCL info
	
	TCI state #0

	NZP CSI-RS for CSI acquisition
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	
	QCL info
	
	TCI state #1

	ZP CSI-RS for CSI acquisition
	Frequency Occupation
	
	Start PRB 0
Number of PRB = BWP size

	CSI-RS for beam refinement
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=0 for CSI-RS resource 1,2

	
	First OFDM symbol in the PRB used for CSI-RS 
	
	l0 = 8 for CSI-RS resource 1
l0 = 9 for CSI-RS resource 2

	
	Number of CSI-RS ports (X)
	
	1 for CSI-RS resource 1,2

	
	CDM Type
	
	‘No CDM’ for CSI-RS resource 1,2

	
	Density (ρ)
	
	3 for CSI-RS resource 1,2

	
	CSI-RS periodicity
	Slots
	120 kHz SCS: 160 for CSI-RS resource 1,2

	
	CSI-RS offset
	Slots
	0 for CSI-RS resource 1,2

	
	Repetition
	
	ON

	TCI state #0
	Type 1 QCL information

	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information

	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type D

	TCI state #1
	Type 1 QCL information

	CSI-RS resource
	
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information

	CSI-RS resource
	
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	
	Type D

	Number of HARQ Processes
	
	8

	HARQ ACK/NACK bundling
	
	Multiplexed

	Redundancy version coding sequence
	
	{0,2,3,1}

	K1 value
(PDSCH-to-HARQ-timing-indicator)
	
	For FR2.120-1:
[3] if mod (i.5) = 0,
[6] if mod(i,5) = 2
For FR2.120-2:
[11] if mod(i,8) = 0,
[7] if mod(i,8) = 4,
[6] if mod(i,8) = 5,
where i is slot index per radio fame with values 0-79.

	Symbols for unused Res
	
	OCNG as specified in A.5

	Note 1:	PDSCH is not scheduled on slots containing CSI-RS or slots which are not full DL.
Note 2:	UE assumes that the TCI state for the PDSCH is identical to the TCI state applied for the PDCCH transmission.
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