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1. Background
At the RAN4 #87, the WF on TDD configuration for NR REFSENS was agreed [1]:
	· The following parameters need to be decided by RAN4 #87 to finalize reference measurement channel for NR REFSENS For FR1 and FR2
· TDD configuration (UL/DL pattern)
· DL HARQ timing related parameters (K0, K1)
· Max number of HARQ process
· For FR1, the following TDD/HARQ configurations are applied for NR REFSENS requirements
· Semi-static TDD configuration
· UL/DL pattern
· FFS: TDD configuration for LTE side in EN-DC combinations (whether to apply the same configuration as NR side)
· FFS: Different TDD pattern between EN-DC and other scenario
	SCS
	Alt.1
	Alt.2
	Alt3
	Alt4

	15kHz
	Aligned with LTE config #2 (5ms periodicity)

	30kHz
	{0, 33, 0, 41}
(Option 3 in R4-1803445)
	Aligned with LTE config #2
(5ms periodicity)
	 {0 0 0 32 1}  with 2.5ms periodicity
	{0 0 0 12 1}  with 2.5ms periodicity

	60kHz
	{0, 33, 0, 41}
(Option 3 in R4-1803445)
	Aligned with LTE config #2
(5ms periodicity)
	LTE config #2 with 1.25ms periodicity
	{0 0 13 1}  with 1ms periodicity


· For FR2
· semi-static TDD configuration
· Postpone the discussion for FR2 to RAN4 #87
· K0 = [0]
· FFS: K1 and max # of HARQ process



Based on above WF, at the RAN4 #87, TDD configuration for NR REFSENS was discussed in the contributions [2-6]. This document summarizes the proposals and provides agreements to fix RMC for NR REFSENS requirements.

2. Common for FR1 and FR2
Possible agreement:
· K0 = 0 for all SCSs
·  For K1 values:
· Fixed K1 values in the specification only for testing purpose
· Exact K1 values will be discussed and decided in the next July ad-hoc meeting

3. FR1
3.1. 15kHz SCS
Aligned LTE config #2 was already agreed at the last meeting, and the open issues are K0, K1 and # of HARQ process.

Proposals at RAN4 #87:
	Intel [3]
	Align LTE special subframe #4 (D12/G1/U1); HARQ timing is as follows; HARQ process = 6. 
[image: ]



Possible agreements:
· Use the following TDD configuration for UE REFSENS requirements with FR1 15kHz SCS:
	RRC configurations
	Agreements

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	15 kHz

	
	dl-UL-TransmissionPeriodicity
	ms5

	
	nrofDownlinkSlots
	3

	
	nrofDownlinkSymbols
	10

	
	nrofUplinkSlots
	1

	
	nrofUplinkSymbols
	2

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	8

	PUCCH-Config
	dl-DataToUL-ACK
	K1 config #1

4, 3, 7, 6



· K1 configuration #1:
[image: ]

3.2. 30kHz SCS
Proposals at RAN4 #87: 
	Intel [3]
	Align LTE config #2 with D10/G2/U2; HARQ timing is as follows; HARQ process = 8. 
[image: ]


	DOCOMO[2]
	Align LTE config #2 with D6/G4/U4; HARQ timing is as follows; HARQ process = 16; At least for EN-DC/NR CA band combinations that do not support simultaneous Tx/Rx
[image: ]


	Huawei [4]
	{DDDSU} as follows (S=D8/G4/U2); K1 belongs {2, 3, 4, 5, 6, 7, 8}; HARQ process = 16.
[image: 1CD2F255-FF3D-4501-BA73-57E043FE69EE]

A/N timing (K1 values) is unclear

	Qualcomm [5][7]
	For scenarios where NR does not need to be aligned with LTE slot pattern, use DSDU slot pattern {0,32,0,41} as follows:
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	Ericsson [6]
	Align LTE config #2 {DDDSU}; HARQ process can be reduced e.g. 4 than max number; Other configuration can be introduced into UE demodulation requirements with phase approach;

Special subframe configuration and A/N timing (K1 values) are unclear



Summary of proposals:
	RRC configurations
	Intel [3]
	DOCOMO [2]
	Huawei [4]
	Qualcomm [5] [7]
	Ericsson [6]

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	15 kHz
	30kHz
	30kHz
	30kHz
	30kHz

	
	dl-UL-TransmissionPeriodicity
	ms5
	ms5
	ms2p5
	ms1
	ms1
	ms5

	
	nrofDownlinkSlots
	3
	7
	3
	1
	0
	7

	
	nrofDownlinkSymbols
	12
	6
	8-10
	10
	12
	

	
	nrofUplinkSlots
	1
	2
	1
	0
	1
	2

	
	nrofUplinkSymbols
	1
	4
	2
	2
	0
	

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	8
	16
	16
	4
	e.g. 4

	PUCCH-Config
	dl-DataToUL-ACK
	K1 config #2 (see below)
	K1 config #3
(see below)
	
	K1 config #4 (see below)
	

	Note
	
	
	At least for EN-DC/NR CA band combinations that do not support simultaneous Tx/Rx
	
	For UL-DL config common
	For UL-DL config common2
	Other configuration can be introduced into UE demodulation requirements with phase approach



· K1 configurations are as follows:
· K1 configuration #2: 
[image: ]
· K1 configuration #3:
[image: ]
· K1 configuration #4:

[image: ]

K1 = {8,7,6,5,4,3,2}
Possible agreements:
· Slot format = {DDDDDDDSUU}
· Alt. 1. S = {D8, G4, U2}
· Alt. 2. S = {D6, G4, U4}
· HARQ process:
· Alt.1. 16 process
· Alt.2. 8 process for REFSENS and 16 process will be discussed in UE demod test

3.3. 60kHz SCS (FR1)
Proposals at RAN4 #87:
	Intel [3]
	Option 1: Aligned LTE config #0 with D6/G4/U4; HARQ timing is as follows; HARQ process = 8.
[image: ]
Option 2: Same config with 30kHz SCS with half periodicity (2.5ms)
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	Ericsson [6]
	Align LTE config #2 {DDDSU}; HARQ process can be reduced e.g. 4 than max number; Other configuration can be introduced into UE demodulation requirements with phase approach;

Special subframe configuration and A/N timing (K1 values) are unclear



Summary of proposals:
	RRC configurations
	Intel [3]
	Ericsson [6]

	
	Option 1
	Option2
	

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	15 kHz 
	30 kHz 
	60kHz?

	
	dl-UL-TransmissionPeriodicity
	ms5
	ms2p5
	ms5

	
	nrofDownlinkSlots
	1
	3
	15

	
	nrofDownlinkSymbols
	12
	12
	

	
	nrofUplinkSlots
	1
	1
	4

	
	nrofUplinkSymbols
	3
	1
	

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	8
	8
	e.g. 4

	PUCCH-Config
	dl-DataToUL-ACK
	K1 config #5 (see below)
	Same as K1 config #2 for 30kHz SCS
	

	Note
	
	
	
	Other configuration can be introduced into UE demodulation requirements with phase approach



· K1 configurations are as follows:
· K1 configuration #5:
[image: ]


Possible agreements:
· Slot pattern 
· Alt.1 {DDDSU} with 1.25 ms if RAN2 spec is allowed. 
· Alt.2 {DDSU} with 1 ms if RAN2 spec does not allow Alt.1.

· {DDDSU} with 1.25 ms is agreed as working assumption 
· {DDSU} with 1 ms if Rel.15 RAN2 spec does not allow this configuration before July RAN4 ad-hoc meeting 
· S = {D6, G4, U4}
· HARQ process is 8
4. FR2
4.1. 60kHz SCS (FR2)
Proposals at RAN4 #87:
	Intel [3]
	{DDDSU} for 60kHz SCS to allow to configure up to 64 SSB.
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	Huawei [4]
	{DDDSU} with S slot format: nrofDownlinkSymbols = 8~10, nrofUplinkSymbols = 2, 1.25ms periodicity

	Ericsson [6]
	Use DDDSU to align with LTE TDD UL/DL config 2; HARQ process can be reduced e.g. 4 than max number.

Special subframe configuration and A/N timing (K1 values) are unclear

	Qualcomm 
	DDSU



Summary of proposals:
	RRC configurations
	Intel [3]
	Huawei [4]
	Ericsson [6]

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	60 kHz
	60kHz
	60kHz

	
	dl-UL-TransmissionPeriodicity
	ms1p25
	ms1p25
	ms1p25?

	
	nrofDownlinkSlots
	3
	3
	3

	
	nrofDownlinkSymbols
	12
	8-10
	

	
	nrofUplinkSlots
	1
	1
	1

	
	nrofUplinkSymbols
	1
	2
	

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	6
	16
	e.g. 4

	PUCCH-Config
	dl-DataToUL-ACK
	Same as K1 config #1 for 15kHz SCS
	
	



Possible agreements:
· Slot format 
· Alt. 1{DDDSU} for FR2 60kHz SCS
· Opt.1: S ={D4, G6, U4}
· Opt.2: S ={D13, G1}
· Alt. 2 {DDSU}
· Number of HARQ
· Opt.1: 8
· Opt.2: 6

4.2. 120kHz SCS
Proposals at RAN4 #87:
	Intel [3]
	{DDDDDDDSUU} for 120kHz SCS to allow to configure up to 64 SSB.
[image: ]


	DOCOMO [2]
	{DSDSU} as follows; HARQ process = 16. 0.625ms periodicity, Mini-slot based scheduling (DL: 4 symbol slot, UL: 2 symbol slot)
[image: ]
K1=6 should be tested on top of proposal 5 in order to maximize spectrum efficiency during SSB burst.

[image: ]


	Huawei [4]
	{DDDSU} with S slot format: nrofDownlinkSymbols = 8~10, nrofUplinkSymbols = 2, 0.625ms periodicity

A/N timing (K1 values) is unclear

	Qualcomm [5] [7]
	{DDSU} as follows.

[image: ]


A/N timing (K1 values) and # of HARQ process are unclear

	Ericsson [6]
	Use DDDSU to align with LTE TDD UL/DL config 2; HARQ process can be reduced e.g. 4 than max number.

Special subframe configuration and A/N timing (K1 values) are unclear



Summary of proposals:
	RRC configurations
	Intel [3]
	DOCOMO [2]
	Huawei [4]
	Qualcomm [5]
	Ericsson [6]

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	60 kHz
	120 kHz
	120kHz
	120KHz
	120kHz

	
	dl-UL-TransmissionPeriodicity
	ms1p25
	ms0p625
	ms0p625
	ms0p5
	ms0p625?

	
	nrofDownlinkSlots
	3
	1
	3
	2
	3?

	
	nrofDownlinkSymbols
	12
	0
	8-10
	12
	

	
	nrofUplinkSlots
	1
	1
	1
	1
	1?

	
	nrofUplinkSymbols
	1
	0
	2
	0
	

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	8
	16
	16
	
	e.g. 4

	PUCCH-Config
	dl-DataToUL-ACK
	Same as K1 config #2 for 30kHz SCS
	K1 config #6 and #7 (see below) 
	
	
	

	Note
	
	
	Need to configure UL DL configuration dedicated
	
	
	For UE performance tests to use TDD config based on operators input



· K1 configurations are as follows:
· K1 configuration #6: 
[image: ]
· K1 configuration #7: 
[image: ]

Possible agreements:
Slot pattern:
· {DDDSU}
· Opt.1: S ={D4, G6, U4}
· Opt.2: S ={D12, G2}
· Opt.3: S ={D10, G2, U2}
· Opt.4: S ={D11, G2, U1}
· Other configuration will be discussed in UE demodulation requirements
· Number of HARQ process
· Opt.1: 8
· Opt.2: 16

5. Agreements (summary):
Note: Agreed / not agreed
Common for FR1 and FR2
· [bookmark: _GoBack]K0 = 0 for all SCSs
·  For K1 values:
· Fixed K1 values in the specification only for testing purpose
· Exact K1 values will be discussed and decided in the next July ad-hoc meeting

For 15kHz SCS in FR1:
	RRC configurations
	Agreements

	UL-DL-configuration-common
	referenceSubcarrierSpacing
	15 kHz

	
	dl-UL-TransmissionPeriodicity
	ms5

	
	nrofDownlinkSlots
	3

	
	nrofDownlinkSymbols
	10

	
	nrofUplinkSlots
	1

	
	nrofUplinkSymbols
	2

	PDSCH-ServingCellConfig
	nrofHARQ-ProcessesForPDSCH
	8



For 30kHz SCS in FR1
· Slot format = {DDDDDDDSUU}
· S = {D6, G4, U4}
· HARQ process:
· Alt.1. 16 process
· Alt.2. 8 process for REFSENS and 16 process will be discussed in UE demod test

For 60kHz SCS in FR1
· {DDDSU} with 1.25 ms is agreed as working assumption 
· {DDSU} with 1 ms if Rel.15 RAN2 spec does not allow this configuration before July RAN4 ad-hoc meeting 
· S = {D6, G4, U4}
· HARQ process is 8

For 60kHz SCS in FR2
· Slot format = {DDDSU} 
· S ={D4, G6, U4}
· Number of HARQ
· 8

For 120kHz SCS in FR2
· Slot pattern = {DDDSU}
· S ={D10, G2, U2}
· Other configuration will be discussed in UE demodulation requirements
· Number of HARQ process
· Opt.1: 8
· Opt.2: 16
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