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Introduction
In last RAN4 meeting, operators’ inputs for TDD DL-UL configurations were summarized in [2]. In this contribution, further discussed TDD DL-UL configurations number of HARQ process configurations for NR UE demodulation.

Discussion
TDD DL-UL configuration 
NR supports more flexible TDD DL-UL configurations than LTE pending on usage scenarios i.e. URLLC, UL heavy, DL heavy. In last RAN4 meeting, initial deployment plan from operators were summarized in [2].For FR1 30 kHz and FR2 120 kHz, several options were provided with different priorities. 
	30kHz
	Operators
	First prior
	Second prior

	DCM
	7D1S2U, S =  6D:4G:4U
	SU, S=12D:2G

	CMCC
	DDDSUDDSUU, [S1=10D:4G], [S2= 10D:4G]
	DDSU, [S = 10D:4G]

	Orange
	DDDSU, S=10D:2G:2U
	7D1S2U, S =  TBD


60kHz
	Operators
	First prior

	AT&T, Verizon
	DDSU, S=11D+3G


120kHz
	Operators
	First prior
	Second prior

	DCM
	DDDSU, S=10D:2G:2U
	DSUU, S=12D:2G

	AT&T, Verizon
	DDSU, S=11D+3G
	





How to two select DL-UL configuration(s) for introducing performance requirements for 30 kHz and 120 kHz, two alternatives proposed by companies:
· Alt1: Down selection only one DL-UL configuration to introduce performance requirements while additional dedicated test case(s) can be introduced for other configurations
· Alt2: Covering all the configurations (first priority in above table) with equally splitted test cases
It’s beneficial to introduce PDSCH performance requirements close to real NW deployment scenarios. Meanwhile we also need to consider introducing performance requirements in a manageable and future proof way.
The major purpose of UE performance requirements is to verify UE implementation of supporting physical features i.e. LDPC decoding, channel estimation, and different MCS orders etc. From UE processing aspect, supporting these features is independent of DL-UL configurations. 
Taking LTE experience as example, 10 DL-UL configurations was specified in LTE and TDD DL-UL configuration 2 was widely used in real NW meanwhile LTE UE performance was verified quite well under TDD DL-UL configuration 1. 
Also it’s unlikely for UE to do inter-slots optimization since NR DL transmission is DMRS based on transmission similar as TM10 in LTE which the precoding information is transparent to UE and can be dynamic changed in any slot-boundary. 

With above considerations, one TDD DL-UL configuration can be selected for each SCS based on typical scenarios to introduce performance requirements meanwhile additional dedicated test cases can be introduced to verify UE processing capability of supporting flexible DL-UL configurations.
For 30 kHz considering 7D1S2U already used in REFSENS test, DDDSUDDSU/DDDSU can be used for demodulation requirements. For 120 kHz, DDSU can be used for both demodulation with more test coverage since DDDSU already be used in REFSENS test.
Proposal 1: Using below TDD DL-UL configurations to introduce PDSCH and CSI performance requirements.
· FR1 30kHz: DDDSU/DDDSUDDSUU for demodulation, DDDSU for CSI
· FR2 120kHz: DDSU, S=11D+3G
· FR2 60kHz: DDSU, S=11D+3G (no other options)
Proposal 2: Beside above configurations, additional PDSCH demodulation test cases can be introduced for other TDD DL-UL configuration pending on applicable scenarios and operators’ request.
HARQ process number
For number of HARQ process number, candidate values are {2, 4, 6, 10, 12, and 16} with signaling and default value 8. The number of HARQ process number in test is pending on UE processing time for HARQ retransmission, gNB emulator processing time for HARQ retransmission and TDD DL-UL configurations.
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For UE processing time for HARQ retransmission:
· K0: timing between DL assignment and PDSCH (default 0)
· K1: timing between PDSCH its HARQ-ACK feedback
· N1: minimum processing time (From the end of PDSCH to the start of PUCCH/PUSCH with it’s ACK) 
· K2: timing between UL grant and PUSCH
· N2:minimum processing between UL grant and PUSCH (From the end of PDCCH have UL grant to the start of corresponding PUSCH)
The minimum processing time of UE capability 1 (normal UE mode) as summarized in table below:
	Configuration
	HARQ Timing 
Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	8
	10
	17
	20

	Front-loaded + additional DMRS
	N1
	Symbols
	13
	13
	20
	24

	Frequency-first RE-mapping
	N2
	Symbols
	10
	12
	23
	36



Two alternatives can be considered based on discussion of last RAN4 meeting for gNB emulator processing time (from the end of PUSCH/PUCCH with ACK to the start of corresponding PDSCH retransmission):
· Alt1: Similar as UE processing time i.e. K1/K2
· 1 slot for 15kHz/30kHz
· 2 slot than 60kHz
· 2 slot than 120kHz
· Alt2: as proposed in [3], more relaxed time than UE considering propagation delay and multiple UE scheduling in BS sides
· 3 slots for 15kHz
· 6 slots for 30kHz cases
· 7 slots for 60kHz cases
· 11 slots for 120kHz cases
Based on above assumption, candidate HARQ processing number can be calculated as below:
	
	Alt1
	Alt2

	15kHz FDD
	4
	6

	30kHz TDD (7D1S2U)
	8
	16

	30kHz TDD (DDDSUDDSUU)
	6
8 (aligned special sub-frame)
	8
16 (aligned special sub-frame)

	30kHz TDD (DDDSU)
	6
8 (aligned special sub-frame)
	10
12 (aligned special sub-frame)

	60kHz TDD (DDSU)
	8
10 (aligned special sub-frame)
	12

	120kHz TDD (DDDSU)
	8
	16

	120kHz TDD (DDSU)
	8
10 (aligned special sub-frame)
	16


For gNB emulator processing time assumption, UE performance requirements were used to verify UE performance and no any restriction related to gNB implementation since gNB emulator generate DL signals during test. Furthermore, for normal demodulation test cases, with the test points around 70% relative throughputs, the probability of 3/4 retransmission is quite low which means no UE discrimination with 8 or 16 HARQ process number. 
With above consideration, in order to simplify test, 
Proposal 3: For normal PDSCH demodulation test cases (with 70% TP), decide HARQ process number assuming gNB emulator has similar HARQ retransmission processing time as UE side:
· 15kHz FDD: 4
· 30kHz TDD (7D1S2U, DDDSU, DDDSUDDSUU) :8
· 60kHz TDD (DDSU): 10
· 120kHz TDD (DDDSU): 8
· 120kHz TDD (DDSU):10
Proposal 4: Introducing specific test case(s) with maximum HARQ process number to verify UE processing capability with low test point 30%.


 
Conclusion
In this contribution, further discussed TDD DL-UL configurations number of HARQ process configurations for NR UE demodulation.
Proposal 1: Using below TDD DL-UL configurations to introduce PDSCH and CSI performance requirements.
· FR1 30kHz: DDDSU/DDDSUDDSUU for demodulation, DDDSU for CSI
· FR2 120kHz: DDSU, S=11D+3G
· FR2 60kHz: DDSU, S=11D+3G (no other options)
Proposal 2: Beside above configurations, additional PDSCH demodulation test cases can be introduced for other TDD DL-UL configuration pending on applicable scenarios and operators’ request.
Proposal 3: For normal PDSCH demodulation test cases (with 70% TP), decide HARQ process number assuming gNB emulator has similar HARQ retransmission processing time as UE side:
· 15kHz FDD: 4
· 30kHz TDD (7D1S2U, DDDSU, DDDSUDDSUU) :8
· 60kHz TDD (DDSU): 10
· 120kHz TDD (DDDSU): 8
· 120kHz TDD (DDSU):10
[bookmark: _GoBack]Proposal 4: Introducing specific test case(s) with maximum HARQ process number to verify UE processing capability with low test point 30%.
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