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1. Introduction
Rel-16 NR eMIMO WI is a RAN1 leading WI with below major enhancement in RAN1 area:
· Enhancements on MU-MIMO support
· Enhancements on multi-TRP/panel 
· Enhancements on multi-beam operation
· L1-SINR measurement
· Beam failure recovery for SCell 
· DL/UL beam indication with reduced latency and overhead 
· Enhancement on low PAPR RS
· Enhancement on full Tx power uplink transmission
During the last RAN4 meeting, the general test scope for demodulation requirement of NR eMIMO was discussed and the related agreement was captured in WF [1]. Regarding with enhancement on low PAPR RS, whether to define the related demodulation requirement is still FFS. 
In this contribution, the review on performance requirements impact for Low PAPR RS was provided.
2. Discussion
Low PAPR RS
In Rel-16, in order to reduce the PAPR for DMRS, DMRS enhancement with new sequence generation was introduced for PDSCH/PUSCH using CP-OFDM waveform as follows:
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Compared with Rel-15 DMRS generation formation, the CDM group index λ and n’SCID were introduced with differentiating different DMRS port as follows
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With this new sequence, the DMRS PAPR can be reduced to same level as data symbols for all port combination for CP-OFDM with different DMRS sequence for different CDM groups.
In Rel-15 NR PDSCH demodulation requirement, both 2 DMRS ports and 4 DMRS ports are considered for type 1 DMRS configuration. In case of 4 DMRS ports, with changed the sequence generation for two CDM groups, the PAPR can be reduced. The proper UE receiver may need to be verified. While from performance requirements perspective, there is no SNR changed. Therefore, if needed, existing UE performance test cases with 4 ports can be reused or replaced with Rel-16 DMRS sequence configuration without requirements and other test parameters modification.
Observation 1: If needed, existing UE performance test cases with 4 ports can be reused or replaced with Rel-16 DMRS configuration without requirements and other test parameters modification for Rel-16 DMRS functionality verification 
Regarding with 2 DMRS ports, the number of CDM group without data equals to 1, which was taken into account for PDSCH requirement.  Based on the exiting DMRS RE mapping method for 2 DMRS ports belongs CDM group (λ=0), we can observe there is no different with Rel-15 and Rel-16 DMRS sequence. 
Due to the number of CDM group without data is 1, changing the DMRS RE mapping method for 2 DMRS ports to CDM group (λ=1) is not supported within Rel-15 PDSCH requirement. To verify the UE receiver processing based on Rel-16 DMRS enhancement for 2 DMRS ports, the test parameter of number of CDM group without data and DMRS RE mapping index should be modified.
Rel-16 NR eMIMO introduces the new PDCCH schemes including TCI state scheduling, DMRS port mapping for multi-TRP/multi-panel transmission. To compact the test case, we prefer to verify the Rel-16 DMRS enhancement feature jointly together with test cases designed for multi-TRP/Panel transmission. No individual test case is defined to verify the Rel-16 DMRS enhancement.
Proposal 1: If needed, verify Rel-16 DMRS enhancement feature jointly together with test cases designed for multi-TRP/Panel transmission. No test case is defined to verify the Rel-16 DMRS enhancement individually.
In Rel-15 NR PUSCH demodulation requirement, RAN4 introduced the requirement with 2 ports with DMRS type A, where DMRS port {0, 1} belongs the same CDM group λ=0. Based on the Rel-16 DMRS enhancement sequence generation, the value of cinit is exactly same with calculating by Rel-15 DMRS generation for given DMRS sequence generation as 
	· NID0=0, nSCID =0



Observation 2: From receiver performance requirements, there is no different for BS processing with Rel-16 DMRS sequence configured.
Meanwhile, the “Number of DM-RS CDM group(s) without data equals to 2” is taken into accounting for specifying the requirements, which means either {0,1} or {2,3} with different CDM groups can be chosen for DMRS RE mapping. Additionally, 3 dB power boosting is added into the DMRS RE with keeping same level with data, considering there is no FDM operation for DMRS REs and data REs allocated in the DMRS symbols.
If DMRS port mapping index is changed as {2, 3}, the value of cinit can be different. While there is no performance requirements difference with new or Rel-15 DMRS from receiver baseband processing perspective, only changing the test parameter for DMRS sequence generation. 
Proposal 2: Not to define new performance requirement for PUSCH with CP-OFDM waveform based on Rel-16 DMRS enhancement

3. Simulation results
In this section, the initial simulation results are provided. The simulation assumptions for PDSCH and PDSCH are provided to investigate the performance impact for low PAPR RS as indicated the table 1 and table 2, separately. 
PDSCH
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Figure 1:  Performance comparing between Rel-15 DMRS and Rel-16 DMRS with 2 ports (case 1 and case 2)
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Figure 2:  Performance comparing between Rel-15 DMRS and Rel-16 DMRS with 4 ports (case 3 and case 4)
PUSCH
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Figure 3:  Performance comparing between Rel-15 DMRS and Rel-16 DMRS with 1 ports
Observation 3:  About 1 dB can be improved with configured number of CDM group as 2.
Observation 4:  From performance requirement perspective, there is no different for PDSCH configured with Rel-15 DMRS or Rel-16 DMRS sequence.
Observation 5:  From the performance requirement perspective,   there is no different for PUSCH with CP-OFDM waveform configured with Rel-15 DMRS or Rel-16 DMRS sequence.
3. Conclusion
In this contribution, the view on performance requirements for Rel-16 DMRS enhancement has been analyzed. Meanwhile, the initial results are provided to 
Observation 1: If needed, existing UE performance test cases with 4 ports can be reused or replaced with Rel-16 DMRS configuration without requirements and other test parameters modification for Rel-16 DMRS functionality verification 
Proposal 1: If needed, verify Rel-16 DMRS enhancement feature jointly together with test cases designed for multi-TRP/Panel transmission. No test case is defined to verify the Rel-16 DMRS enhancement individually.
Proposal 2: Not to define new performance requirement for PUSCH with CP-OFDM waveform based on Rel-16 DMRS enhancement
Observation 2: From receiver performance requirements, there is no different for BS processing with Rel-16 DMRS sequence configured.
Observation 3:  About 1 dB can be improved with configured number of CDM group without data as 2.
Observation 4:  From performance requirement perspective, there is no different for PDSCH configured with Rel-15 DMRS or Rel-16 DMRS sequence.
Observation 5:  From the performance requirement perspective,   there is no different for PUSCH with CP-OFDM waveform configured with Rel-15 DMRS or Rel-16 DMRS sequence.
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4. Annex
PDSCH simulation assumption 
Table 1:  Test case for PDSCH requirement comparing Rel-15/Rel-16 DMRS enhancement
	Case Number
	CHBW/ SCS
	MIMO
	MCS
	Number of layer
	DMRS index
	Channel Model
	Receiver

	1
	10MHz/15kHz
	2Tx 2Rx ULA Low
	16QAM MCS 13
	Layer 2
	 {1000, 1001} 
For rank 2 test
Number of PDSCH DMRS CDM group(s) without data =1
Rel-15 DMRS
	TDL-A 30ns, 10Hz 
	MMSE-IRC

	2
	10MHz/15kHz
	2Tx 2Rx ULA Low
	16QAM MCS 13
	Layer 2
	{1002, 1003} 
For rank 2 test
Number of PDSCH DMRS CDM group(s) without data =2
Rel-16 DMRS
	TDL-A 30ns, 10Hz 
	MMSE-IRC

	3
	10MHz/15kHz
	4Tx 4Rx ULA Low
	16QAM MCS 13
	Layer 4
	{1000~1003} 
For rank 4 test
Number of PDSCH DMRS CDM group(s) without data =2
Rel-15 DMRS
	TDL-A 30ns, 10Hz 
	MMSE-IRC

	4
	10MHz/15kHz
	4Tx 4Rx ULA Low
	16QAM MCS 13
	Layer 4
	{1000~1003} 
For rank 4 test
Number of PDSCH DMRS CDM group(s) without data =2
Rel-16 DMRS
	TDL-A 30ns, 10Hz 
	MMSE-IRC



Table 2:  Simulation assumption for PDSCH requirements with CP-OFDM waveform

	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	Active DL BWP index
	
	1

	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
	
	4 for Test 1-1
2 for other tests

	
	Resource allocation type
	
	Test 1-2: Type 1 with start RB = 23, LRBs = 6
Other tests: Type 0

	
	RBG size
	
	Test 1-2: N/A
Other tests: Config2

	
	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

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	
	Antenna ports indexes
	
	{1000, 1001} or [{1002, 1003}] for Rank 2 tests
{1000-1003} for Rank 4 tests

	
	Number of PDSCH DMRS CDM group(s) without data
	
	1 for Rank 2 tests for case 1
[2 for Rank 2 tests for case 2]

	
	DMRS sequence generation 
	
	NID=0, nSCID=0 

	CSI-RS for tracking
	CSI-RS periodicity
	Slots
	Test 1-5:
10 for CSI-RS resource 1,2,3,4.

Other tests: Table 5.2-1.

	
	CSI-RS offset
	Slots
	Test 1-5:
1 for CSI-RS resource 1 and 2
2 for CSI-RS resource 3 and 4.

Other tests: Table 5.2-1.

	Number of HARQ Processes
	
	8 for Test 1-4 
4 for other tests

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2




Table 3:  FRC table for PDSCH simulation

	Parameter
	Unit
	Value

	Reference channel
	
	
	Case1
	Case 2
	Case 3
	Case 4

	Channel bandwidth
	MHz
	
	10
	10
	10
	10

	Subcarrier spacing
	kHz
	
	15
	15
	15
	15

	Number of allocated resource blocks
	PRBs
	
	52
	52
	52
	52

	Number of consecutive PDSCH symbols
	
	
	12
	12
	12
	12

	Allocated slots per 2 frames
	Slots
	
	19
	19
	19
	19

	MCS table
	
	
	64QAM
	64QAM
	64QAM
	64QAM

	MCS index
	
	
	13
	13
	13
	13

	Modulation
	
	
	16QAM
	16QAM
	16QAM
	16QAM

	Target Coding Rate
	
	
	0.48
	0.48
	0.48
	0.48

	Number of MIMO layers
	
	
	2
	2
	4
	4

	Number of DMRS rEs
	
	
	12
	12
	24
	24

	Overhead for TBS determination
	
	
	0
	0
	0
	0

	Information Bit Payload per Slot 
	
	
	
	
	
	

	  For Slot i = 0
	Bits
	
	N/A
	N/A
	N/A
	N/A

	  For Slots i = 1,…, 19
	Bits
	
	26120
	24072
	48168
	48168

	Transport block CRC per Slot
	
	
	
	
	
	

	  For Slot i = 0
	Bits
	
	N/A
	N/A
	N/A
	N/A

	  For Slots i = 1,…, 19
	Bits
	
	24
	24
	24
	24

	Number of Code Blocks per Slot
	
	
	
	
	
	

	  For Slot i = 0
	CBs
	
	N/A
	N/A
	N/A
	N/A

	  For Slots i = 1,…, 19
	CBs
	
	4
	4
	6
	6

	Binary Channel Bits Per Slot
	
	
	
	
	
	

	  For Slot i = 0
	Bits
	
	N/A
	N/A
	N/A
	N/A

	  For Slots i = 10, 11
	Bits
	
	52416
	47424
	94848
	94848

	  For Slots i = 1,…, 9, 12, …, 19
	Bits
	
	54912
	49920
	99840
	99840

	Max. Throughput averaged over 2 frames
	Mbps
	
	24.814
	22.868
	45.760
	45.760

	Note 1:	SS/PBCH block is transmitted in slot #0 with periodicity 20 ms
Note 2:	Slot i is slot index per 2 frames



PUSCH simulation assumption
Table 4: simulation assumption for PUSCH requirements with CP-OFDM waveform 
	Parameter
	value

	
	FR1

	Transform precoding
	CP-OFDM 

	Number of Tx
	1

	Number of Rx
	2

	Number of layers
	1

	Transmission scheme
	Identity matrix (TPMI index 0)

	DMRS type
	type 1

	DMRS port
	{0} or {2}

	DMRS sequence generation 
	NID=0, nSCID=0 

	Number of DMRS symbols
	1+1 (2,11)

	symbols length
	14

	Start symbol index
	0

	Time domain resource allocation type
	type A

	Frequency domain resource
	Full RB allocation of the applicable BW

	MCS index
	MCS =2,16

	Carrier frequency (GHz)
	4GHz

	Propagation channel
	MCS 2 TDLB100-400
MCS 16 TDLC300-100

	SCS and BW
	15KHz, 10M for CP-OFDM

	Timing offset
	0

	Frequency offset
	0

	PTRS
	Without PT-RS configuration

	Code block group
	Disabled

	Frequency hopping
	Disabled

	Limited buffer rate matching
	Disabled

	Number of HARQ transmission
	4
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