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1. Introduction
In RAN#96 meeting, the WID on Further RF requirements enhancement for NR FR1 was approved with the following objective as [1]
	· Core requirement
· Enable 4Tx on a single carrier for CPE/FWA/vehicle/industrial devices
· Investigate framework and architecture Example bands
· TDD bands: n41, n77/n78
· FDD bands: n1
· Note1: the total number of example bands should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority 
· Performance requirement
· Enable 4Tx on a single carrier for CPE/FWA/vehicle/Industrial devices
· Specify the BS demodulation performance requirements to support UL 4-layer MIMO UE operation



In this last RAN4 meeting, the performance part of UE demodulation and CSI requirement was under discussion [2]. According to the meeting schedule, the performance part of BS demodulation requirement will be discussed from this meeting. 
In this contribution, the initial view on the test scope and test setup for BS demodulation requirement is provided.
2	Discussion
2.1	Test scope of BS demodulation requirement
Applicable of test case
Regarding UL 4-layer transmission, it has been supported from RAN1 design in Rel-15. While there is no RAN4 requirement introduced considering there is no UE RF core requirement to support UL 4-layer transmission. In RAN4 BS demodulation requirements from Rel-15, several requirements are introduced as 
	· 8.2.1 Requirements for PUSCH with transform precoding disabled
· 8.2.2 Requirements for PUSCH with transform precoding enabled
· 8.2.3 Requirements for UCI multiplexed on PUSCH
· 8.2.4 Requirements for PUSCH for high-speed train
· 8.2.5 Requirements for UL timing adjustment
· 8.2.6 Requirements for PUSCH 0.001%BLER 
· 8.2.7 Requirements for PUSCH repetition Type A
· 8.2.8 Requirements for PUSCH mapping Type B with non-slot transmission
· 8.2.9 Requirements for PUSCH for 2-step RA type 
· 8.2.10 Requirements for interlaced PUSCH
· 8.2.11 Performance requirements for CG-UCI multiplexed on interlaced PUSCH



For UL 4Tx 4-layer transmission, the purpose is to increase the UL capacity. Therefore, some requirements may be not related with UL 4-layer transmission, such as URLLC features or high-speed scenario. Therefore, we prefer to only focus on the basic feature of Rel-15. 
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.
Duplex operation
Based on the WID, specifying requirements for TDD bands has first priority. From BS demodulation requirement aspect, there is no minor different between FDD and TDD.  As agreed, the same requirements are applicable to FDD and TDD with different UL-DL patterns. As agreed in the last meeting for UE demodulation requirement [2], 
	· Focus on TDD as first priority
· FFS on FDD pending on the progress in RF core requirements



Therefore, following the WID, we can focus on TDD only. Regarding on FDD, the same requirement can be applied if FDD is introduced.
Proposal 2: RAN4 specify PUSCH requirement TDD as priority. The same requirements can be applied for FDD if FDD is introduced.
2.2	Test setup for PUSCH requirements
Antenna configuration 
In Rel-15, for UL 2-layer transmission, different Rx configuration as 2Rx/4Rx/8Rx are considered with test applicable rule. For UL-4-layer transmission, the tested SNR will be higher considering the inter-layer interference if high modulation order is considered. Considering the purpose of 4-layer transmission is to increase UL capacity, with more receiving antenna can be helpful to obtain combining gain.  
Meanwhile, considering UE RF requirement for 4x4 is still under discussed. There is no conclusion on the operating SNR. Therefore, we suggest to focus on the 8Rx firstly. 
Receiver Assumption
In Rel-15, the MMSE receiver assumption is considered for specifying PUISCH requirement. Since there is no interference modeling, we can reuse it as baseline assumption
Mapping type 
In Rel-15, both PUSCH mapping type A and type B are considered with introducing test applicability rule. For UL 4-layer transmission verification, there is no different with mapping type A and type B from baseband processing aspect. To reduce the test effort, we prefer to only consider mapping type A for requirement definition.
SCS and CBW
In Rel-15, RAN4 introduced PUSCH with specifying most of SCS and CBW combination for FR1, where large effort for simulation results and results alignment are suffered. For 4Tx 4-layer transmission verification, we prefer to focus on the typical SCS and CBW to reduce the test effort and simulation effort.
Number of DMRS
Since the target of 4Tx UL transmission is for CPE/FWA/vehicle/industrial devices, the expected velocity is not high. Therefore, 2 DMRS can be considered for specifying requirement.
DMRS type 
In Rel-15, only DMRS type 1 is considered. To support 4 port transmission, the type 1 with one symbol structure can still be used for specifying requirements
Channel model 
In Rel-15, different channel models are used for requirement definition, considering the test coverage. For UL 4Tx 4-layer transmission, the channel model should be selected with rich multipath property.  Meanwhile, 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.
MCS
Regarding MCS level, with high modulation order, the tested SNR will be higher considering the inter-layer interference. Meanwhile, the maximum throughput cannot be achieved even with high SNR region, especially for high modulation order. Therefore, we prefer to focus on low MCS for UL 4-Layer transmission verification, up to 16QAM.
Others
For other simulation assumption, the Rel-15 simulation assumption can be reused.
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.



3	Conclusion
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.
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