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Introduction
This contribution summarises the open issues on demodulation requirements for 4Tx BS under AI 9.6.6.2. Two topics are captured.
· Topic #1: Test scope
· Topic #2: PUSCH requirements
Topic #1: Test scope
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2302174
	Huawei
	Proposal 1: Define 4TX PUSCH performance requirements with following assumptions and not consider PUCCH, PRACH requirements
· SCS:15kHz and 30kHz
· Bandwidth: 10MHz and 50MHz for 15kHz SCS , 10MHz and 100MHz for 30kHz SCS
· PUSCH mapping: Mapping A and Mapping B
· 4 MIMO layers
· MCS 16
· Antenna configuration: 4T4R
· Propagation conditions: TDLB100-400 Low
· Precoding matrix: 



	R4-2300056
	Nokia, Nokia Shanghai Bell
	[bookmark: _Toc127523587]We propose that for testing several parameters remain consistent with legacy requirements for PUSCH in TS 38.104 including: Transform Precoding, TDD UL-DL pattern, HARQ Parameters, DM-RS parameters (excluding DM-RS position, and DM-RS Port), Time domain resource assignments, and Frequency domain resource assignments

	R4-2301030
	Ericsson
	Proposal 2: Only new normal PUSCH demodulation requirements are considered for 4Tx.

	R4-2301053
	ZTE
	Proposal 4: To consider QPSK R=193/1024 and 16QAM R=658/1024 for 4Tx PUSCH demodulation requirements and the channel models are TDLB100-400 Low and TDLC300-100 Low.

	R4-2302608
	Samsung
	Proposal 1: RAN4 only introduce UL 4-layer transmission for basic feature of Rel-15 with section under requirements for PUSCH with transform precoding disabled in section 8.2.5 of 38.104 spec.



Open issues summary
Sub-topic 1-1 Test scope
Issue 1-1-1: Test scope
· Proposals
· Option 1: Only consider PUSCH requirement: (Huawei, Nokia, Ericsson, ZTE, Samsung)
· Recommended WF
· Confirm option 1

Issue 1-1-2: Scope for PUSCH
· Proposals
· Option 1: only consider basic feature of Rel-15 (Ericsson, Samsung)
· Recommended WF
· TBA

Issue 1-1-3: Duplex mode
· Proposals
· Option 1: TDD first priority, the same requirements can be applied for FDD if FDD is introduced (Samsung)
· Recommended WF
· TBA

Topic #2: PUSCH requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2302174
	Huawei
	Proposal 1: Define 4TX PUSCH performance requirements with following assumptions and not consider PUCCH, PRACH requirements
· SCS:15kHz and 30kHz
· Bandwidth: 10MHz and 50MHz for 15kHz SCS , 10MHz and 100MHz for 30kHz SCS
· PUSCH mapping: Mapping A and Mapping B
· 4 MIMO layers
· MCS 16
· Antenna configuration: 4T4R
· Propagation conditions: TDLB100-400 Low
· Precoding matrix: 



	R4-2300056
	Nokia, Nokia Shanghai Bell
	Observation 1: 4 Tx with up to 4 layers have been specified under TS 38.211 [2], yet performance requirements have not been set for four layers for BS demodulation.
Proposal 1: We propose that 1, 2 and 4 layers shall be used to define performance requirements for 4Tx.
Observation 2: Extant performance requirements for PUSCH are defined at 70% of maximum throughput for FRC.
Proposal 2: We propose that performance requirements are set at 70% of maximum throughput for a given FRC.
Observation 3: For FWA, a carrier with a wide CBW is recommended to be chosen for high throughput performance requirements.
Proposal 3: We propose that a 100 MHz CBW be chosen for simulation, representing band n41.
Observation 4: A relatively high MCS should be defined for this use case in order to maximise throughput.
Proposal 4: We propose that MCS 20 (table 2) be used for simulation of FWA use cases.
Observation 5: CPE equipment is likely to have low to no mobility, with moderate to low multipath
Proposal 5: We propose that TDLA 30-10 should be utilized for characterizing performance for FWA.
Observation 6: In complex multipath environments a denser TPMI is likely to provide enhanced performance.
Proposal 6: We propose that for vehicular use cases both TPMI index 0 and index 4 should be utilised for requirements.
Observation 7: For vehicular communications, the coverage area is likely to be greater than that of FWA, whilst the desire for data rate is likely to be more modest. Therefore, it is recommended a moderate CBW is chosen, with a lower frequency for maximising coverage.
Proposal 7: We propose that a 5 MHz CBW with 15kHz SCS, and 10MHz with 30kHz, be chosen for simulation, representing band n1.
Observation 8: A modest MCS is recommended for this use case, as the end user wishes to target reliability and coverage whilst travelling.
Proposal 8: We propose that MCS 2 (table 2), be used for simulation of vehicular use cases within this WI
Observation 9: Vehicular use cases are likely to have high mobility (expected speed 120 km/h), and potentially exist in a complex multi-path environment
Proposal 9: We propose TDLC 300-600 should be utilized for characterizing performance for Vehicular use cases
Observation 10: High Doppler from a vehicular use case will likely necessitate additional DM-RS.
Proposal 10: We propose that an additional DM-RS (pos2 and pos1) be utilised for vehicular use cases.
Observation 11: For Industrial use cases, latency is likely to be the biggest driver for user requirements, with a desire for high data rate. Therefore, it is recommended a moderate CBW is chosen, with 30kHz SCS to reduce latency.
Proposal 11: We propose that a 20 MHz CBW be chosen for simulation, representing band n77
Observation 12: A high data rate MCS is recommended to be chosen for the industrial use case, both for latency and implied data requirements
Proposal 12: We propose MCS 13 (table 2) be used for simulation of industrial use cases
Observation 13: Industrial environments are likely to have low to moderate mobility, yet have a complex multipath environment
Proposal 13: We propose that TDLC 300-30 should be utilized for characterizing performance for Industrial use cases
Observation 14: For this WI, a number of parameters are common for both 2Tx and 4Tx; therefore, in order to maintain commonality with legacy test requirements for PUSCH, these may wish to remain constant for the 4Tx PUSCH parameters
Proposal 14: We propose that for testing several parameters remain consistent with legacy requirements for PUSCH in TS 38.104 including: Transform Precoding, TDD UL-DL pattern, HARQ Parameters, DM-RS parameters (excluding DM-RS position, and DM-RS Port), Time domain resource assignments, and Frequency domain resource assignments
Observation 15: For this WI, if only one type PUSCH mapping type is chosen for requirements, it would not allow for directly expansion of legacy requirements in TS 38.104, where both type A and type B are defined.
Proposal 15: We propose that within this WI an agreement is made on the PUSCH mapping type chosen, with consideration to extant test parameters for PUSCH requirements.
Observation 16: Extant OTA testing set ups will not enable any 4Tx OTA testing.
Proposal 16: We propose that initially conductivity testing is conducted of this feature, FFS on OTA test set-ups to enable OTA testing for this feature.

	R4-2301030
	Ericsson
	Observation 1: No new deployment scenario is introduced for 4Tx transmission. 
Proposal 1: Re-use the legacy channel models, e.g., TDLA30-10/TDLB100-400/TDLC300-100, for initial 4Tx demodulation simulations. 
Proposal 2: Only new normal PUSCH demodulation requirements are considered for 4Tx. 
Proposal 3: Take following parameter table 2-1 for initial simulations. 	
· If large performance difference can be seen between CBWs for each SCS, more typical CBWs could be considered for requirement to keep good test coverage. 
· Companies could also check the feasibility of higher MCS per each modulation level. 
Table 2-1 Initial simulation parameters for 4Tx PUSCH demodulation 
	nTx
	nRx
	Mapping type
	precoding
	DM-RS
	Channel model
	MCS
	SCS [kHz]
	CBW [MHz]

	4
	4 / 8
	A
	Disable
	1+1
	TDLB100-400
	2
	15
	5/20

	
	
	
	
	
	TDLC300-100
	16
	
	

	
	
	
	
	
	TDLA30-10
	20
	
	

	
	
	
	
	
	TDLB100-400
	2
	30
	10/100

	
	
	
	
	
	TDLC300-100
	16
	
	

	
	
	
	
	
	TDLA30-10
	20
	
	



Proposal 4: Companies furtherly check if it is necessary to reduce the number of test cases, e.g., only keep TDLA30-10 with high modulation level. 
Observation 4: It is possible to add 4Tx PUSCH requirements to the same table of 1Tx /2Tx PUSCH requirements.  

	R4-2301053
	ZTE
	Proposal 1: To update Table 8.2.1.1-1 in 38.104 v18.0.0 for PUSCH performance requirement as Table 2-1
Table 2-1 Test parameters for testing PUSCH
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}, {0, 1}, {0, 1, 2, 3}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A, B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission
TPMI index for 4Tx four-layer spatial multiplexing transmission
	0
0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.


Proposal 2: Not to consider 4Tx PUSCH demodulation requirements for DFT-s-OFDM waveform.
Proposal 3: Not to consider 4Tx PUSCH demodulation requirements for Minimum requirements for PUSCH with 30% of maximum throughput.
Proposal 4: To consider QPSK R=193/1024 and 16QAM R=658/1024 for 4Tx PUSCH demodulation requirements and the channel models are TDLB100-400 Low and TDLC300-100 Low.

	R4-2302608
	Samsung
	Proposal 1: RAN4 only introduce UL 4-layer transmission for basic feature of Rel-15 with section under requirements for PUSCH with transform precoding disabled in section 8.2.5 of 38.104 spec.
Proposal 2: RAN4 specify PUSCH requirement TDD as priority. The same requirements can be applied for FDD if FDD is introduced.
Proposal 3: RAN4 specify PUSCH requirement with following configuration 
· Rx antenna configuration: 8Rx
· SCS and CBW
· 15KHz SCS, 20MHz
· 30KHz SCS, 40MHz
· Receiver Assumption: MMSE
· Number of DMRS: 1+1
· DMRS Type: type 1
· DMRS mapping type: type A
· Channel model: TDLB100 as starting point, Maximum Doppler spread up to 100Hz
· MCS:  MCS 2 and MCS 16 as starting point 
· Simulation Assumption

	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	1

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	0dB

	
	DM-RS port
	{0, 1, 2, 3}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 4Tx four-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.






Open issues summary
Sub-topic 2-1 PDSCH requirements
Issue 2-1-1: Bandwidth and SCS
· Proposals
· For 15kHz
· Option 1: 10MHz and 50MHz (Huawei)
· Option 2: 5MHz and 20MHz (Ericsson, Nokia)
· Option 3: 20MHz (Samsung)
· For 30kHz
· Option 1: 10MHz and 100MHz (Huawei, Ericsson, Nokia)
· Option 2: 40MHz
· Recommended WF
· TBA

Issue 2-1-2: MIMO layers
· Proposals
· Option 1: Rank 4 (Huawei)
· Option 2: Rank 1, 2, 4 (Nokia)
· Recommended WF
· TBA

Issue 2-1-3: PUSCH mapping type
· Proposals
· Option 1: Type A (Ericsson, Samsung)
· Option 2: Type A and Type B (Huawei)
· Option 3: An agreement is made on the PUSCH mapping type chosen, with consideration to extant test parameters for PUSCH requirements (Nokia)
· Recommended WF
· TBA

Issue 2-1-4: Propagation conditions
· Proposals
· Option 1: TDLB100-400 (Huawei)
· Huawei: follow Rel-15 PUSCH test that TDLB100-400 Low is configured for 16QAM
· Option 2: TDLA30-10 for FWA, TDLC300-600 for Vehicular use cases, TDLC300-30 for Industrial use case (Nokia)
· Option 3: TDLB100-100 (Samsung)
· Samsung: since the target of 4Tx UL transmission is for CPE/FWA/ vehicle/ industrial devices, the expected velocity is not high. Therefore, low Doppler frequency can be considered, up to 100Hz doppler value.
· Option 4: (Ericsson)
· TDLA30-10: for low delay spread and doppler shift scenario
· TDLB100-400: for medium delay spread and high doppler shift scenario
· TDLC300-100: for high delay spread and medium doppler shift scenario
· Option 5: TDLB100-400 and TDLC300-100 (ZTE)
· Recommended WF
· TBA

Issue 2-1-5: MCS
· Proposals
· Option 1: Only 16QAM, e.g.: MCS16 (Huawei)
· Option 2: (Ericsson)
· MCS20 for low delay spread and Doppler shift scenario
· MCS2 for medium delay spread and high Doppler shift scenario
· MCS16 for high delay spread and medium Doppler shift scenario
· Option 3: QPSK R=193/1024 and 16QAM R=658/1024 (ZTE)
· Option 4: (Nokia)
· MCS 20 for FWA use cases
· MCS 2 for vehicular use cases
· MCS 13 for industrial use cases
· Option 5: MCS 2 and MCS 16 as starting point (Samsung)
· Recommended WF
· TBA

Issue 2-1-6: Antenna configuration
· Proposals
· Option 1: 4T4R and 4T8R (Ericsson)
· Option 2: Only 4T4R (Huawei)
· Option 3: 4T8R firstly and wait for the UE RF agreements on 4x4 discussion (Samsung)
· Recommended WF
· TBA

Issue 2-1-7: DMRS configuration
· Proposals
· Option 1: 1+1 (Ericsson, Samsung, ZTE)
· Option 2: 1+1+1 with additional DM-RS positions: pos2 and pos1(Nokia)
· Recommended WF
· TBA

Issue 2-1-8: Precoding 
· Proposals
· Option 1: TPMI index 0 in Table 6.3.1.5-7 of 38.211 (Huawei, Samsung, ZTE)
· 

· Option 2: TPMI index 0 and index 4 for vehicular use cases (Nokia)
· Recommended WF
· TBA

Issue 2-1-9: Transform precoding
· Proposals
· Option 1: Disabled (Only CP-OFDM) (Ericsson, ZTE, Samsung)
· Recommended WF
· TBA

Issue 2-1-10: Initial simulation parameters
· Proposals
· Option 1: (Samsung)
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	1

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	0dB

	
	DM-RS port
	{0, 1, 2, 3}

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 4Tx four-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern.



· Option 2: for testing several parameters remain consistent with legacy requirements for PUSCH in TS 38.104 including: Transform Precoding, TDD UL-DL pattern, HARQ Parameters, DM-RS parameters (excluding DM-RS position, and DM-RS Port), Time domain resource assignments, and Frequency domain resource assignments (Nokia)
[bookmark: _Ref125537315]Table 3 : Proposed new test parameters for testing PUSCH (including 4Tx capability)
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern 
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS position
	[ pos2, pos1 ]

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port
	{0}, {0, 1}, [ {0, 1, 2, 3} ]

	
	DM-RS sequence generation
	NID0=0, nSCID =0

	Time domain
	PUSCH mapping type
	A, B

	resource
	Start symbol
	0 

	assignment
	Allocation length
	14 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	assignment
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	TPMI index for 4Tx two-layer spatial multiplexing transmission
	[ 0 ]

	Additional TPMI index for 4Tx four-layer spatial multiplexing transmission
	[ 0 , 4 ]

	Code block group based PUSCH transmission
	Disabled



· Recommended WF
· TBA

Issue 2-1-11: Test metric
· Proposals
· Option 1: 70% of max Tput (Ericsson, Nokia, ZTE)
· Recommended WF
· Confirm option 1

Issue 2-1-12: Test cases
· Option 1: (Ericsson)
	nTx
	nRx
	Mapping type
	precoding
	DM-RS
	Channel model
	MCS
	SCS [kHz]
	CBW [MHz]

	4
	4 / 8
	A
	Disable
	1+1
	TDLB100-400
	2
	15
	5/20

	
	
	
	
	
	TDLC300-100
	16
	
	

	
	
	
	
	
	TDLA30-10
	20
	
	

	
	
	
	
	
	TDLB100-400
	2
	30
	10/100

	
	
	
	
	
	TDLC300-100
	16
	
	

	
	
	
	
	
	TDLA30-10
	20
	
	


 
· Recommended WF
· TBA

Sub-topic 2-2 OTA testing
Issue 2-2-1: Testing limit
· Proposals
· Option 1: Initially conductivity testing is conducted of this feature, FFS on OTA test set-ups (Nokia)
· Recommended WF
· TBA
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