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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  In the previous RAN4 meeting (RAN4#86bis), it was decided to define UE demodulation requirements for PDSCH and PDCCH in FR1 [1] and FR2.   
In this contribution, we provide our views on PDSCH demodulation requirements and list the simulation assumptions for reference. 
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In the previous meeting, some key parameters such as the number of receiver ports, number of layers have been agreed for PDSCH demodulation requirement.  However, there are many open issues for NR as the transmission schemed used for NR is different compared to LTE.  In this section, we discuss the open issues in PDSCH demodulation requirements.
A. DMRS Configuration:  Unlike LTE, NR defines different DMRS configurations for different scenarios. 

Table 1 Possible DMRS Configurations in NR
	DMRS Type

	Number of front loaded symbols

	Maximum number of additional symbols


	Type 1

	Single
	1, 2, and 3

	
	Two
	1

	Type 2
	Single
	1, 2 and3

	
	Two
	1



As shown in Table 1, NR defines two types of DMRS configurations where the DMRS Type 1 has more RE density per RB than Type 2.  Each Type can be single symbol front loaded or two symbol front loaded. In addition, NR provides an option to configure additional DMRS symbols. The maximum number of additional DMRS symbols depends on the number of OFDM symbols per slot. For 14 OFDM symbols per slot case, a maximum of 3 additional DMRS symbols are possible for single symbol front loaded DMRS.  Similarly for two symbol front loaded case a maximum of 1 additional DMRS symbol is possible for both Type 1 and Type 2.  Since it would be tough to define performance requirements for each case, we like to minimize the simulation and standardization effort by eliminating some cases.
Figure 1 shows the spectral efficiency for single symbol and two symbol case for Type 1 DMRS configuration.  The simulation assumptions are given in the Appendix. It can be observed that for this case, even though the channel estimation accuracy is improved there is no benefit of using two symbols for DMRS as they occupy more resources thereby reducing the number of resource elements needed for PDSCH. Hence we like to eliminate two symbol cases for performance requirements.
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Figure 1 Spectral efficiency comparison for Type 1 DMRS with Single Symbol and Two Symbols

Figure 2 shows spectral efficiency performance for additional DMRS symbols. In this case, we didn’t see any benefit from having additional DMRS symbols. However, note that we assumed UE speed to be 3 kmph. Additional DMRS symbols are mainly used for high mobility scenarios.   
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Figure 2 Spectral efficiency comparison for Type 1 DMRS with Single Symbol front loaded and additional symbols
Figure 3 shows performance of Type 2 configuration with single symbol and two symbols. In this case too, we observe small gain only at low SNR.  Hence, we can propose not to consider two symbol case for defining performance requirements. 

[image: ]
Figure 3 Spectral efficiency comparison for Type 2 DMRS with Single Symbol and Two Symbols
Figure 4 shows the performance of Type 2 configuration with single symbol front loaded and additional DMRS symbols. In this case, we observed some gain due to additional DMRS symbol even with low UE mobility. Note that Type 2 uses less number of REs per RB compared to Type 1. Hence we recommend to have performance requirements for both Type 1 and 2 with 1 additional DMRS symbol. 
In addition, we would like to mention that RAN4 should define performance requirements with fixed number of layers. That is the performance depends on the CDM group. Hence to avoid confusion, RAN4 should specify the CDM group for a given number of layers and the number of ports when defining PDSCH demodulation requirements.
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Figure 4  Spectral efficiency comparison for Type 2 DMRS with Single Symbol front loaded and additional symbols
Hence we propose
Proposal 1: Only single symbol front loaded DMRS is considered for defining NR PDSCH demodulation performance for Type 1 and Type 2 
Proposal 2: Up to 1 additional DMRS symbol is considered for defining NR PDSCH demodulation performance for Type 1 and Type 2
Proposal 3: RAN4 should specify the CDM group and number of ports when defining NR PDSCH demodulation performance requirements
B. MCS/TBS:   In the previous meeting it was decided to use QPSK/16QAM/64QAM/256QAM for FR1 and QPSK/16QAM/64QAM for FR2. However, it should be noted that channel coding scheme for NR is different from LTE. Two base graphs are used in NR. We like to mention that we need test cases which cover both base graphs. 

Proposal 4: RAN4 should consider cases which cover both LDPC base graphs
C. Resource Allocation and Mini Slots: As NR defines slots and mini slots, we would like to define performance requirements for both slots and mini slots with 2, 4 or 7 symbols. Note that Type B DMRS is used for mini slots. We expect the same DMRS configurations used for slots is applicable for mini slots.  Hence we propose
Proposal 5: RAN4 should consider 2, 4 and 7 symbol mini slots for defining NR PDSCH demodulation performance requirements
D. PTRS:   In NR, a new reference signal for phase compensation is defined. Since PTRS is mainly useful for FR2, we would like to define performance requirements for FR2 only and we don’t see any use case in FR1. 

Proposal 6: For defining NR PDSCH demodulation performance requirements, PTRS configuration is used only for FR2
E. Transmission Schemes: Note that even though NR defines Transmission Scheme 1 for PDSCH transmission, it is well understood in RAN1 that NR BS can use a transparent diversity scheme such as resource element group (REG) level precoder cycling. This is useful mainly for high mobility scenarios. From our previous experience in LTE that for high mobility scenarios, transmission scheme 1 incur losses due to outdated channel state information. Hence we would encourage RAN4 to discuss about setting up the performance requirements for transparent diversity or precoder cycling for NR PDSCH especially under high mobility scenarios. 

Proposal 7: RAN4 should decide whether to define performance requirements for a transparent diversity scheme in addition to Transmission Scheme 1

F. Performance Metrics: In our view RAN4 should use spectral efficiency as the performance metric for a given SNR (without any co-channel interference). Since various bandwidths are possible in NR, RAN4 should fix the number of RBs allocated for a given channel bandwidth.  

Proposal 8: RAN4 should use Spectral efficiency vs SNR as the performance criteria
Conclusions
In this contribution we outlined our views on NR PDSCH demodulation requirements. Based on our observations we recommend
Proposal 1: Only single symbol front loaded DMRS is considered for Type 1 and Type 2 
Proposal 2: Up to 1 additional DMRS symbol is considered for Type 1 and Type 2
Proposal 3: RAN4 should mention about the CDM group and the number of ports 
Proposal 4: RAN4 should consider the cases which cover both the LDPC base graphs
Proposal 5: RAN4 should consider mini-slots with 2, 4 and 7 symbols mini slot 
Proposal 6: PTRS configuration is used only for FR2
Proposal 7: RAN4 should decide whether to define performance requirements for a transparent diversity scheme in addition to Transmission Scheme 1
Proposal 8: RAN4 should use spectral efficiency vs SNR as the performance criteria
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Appendix 
In this section we list the simulation assumptions for Figures 1-4. 

	Assumptions 
	Value 

	Carrier frequency
	4.1 GHZ

	Duplex 
	FDD/TDD

	System Bandwidth 
	50 MHz 

	Slot length 
	1msec

	Subcarrier spacing 
	Single numerology case: 15 KHz

	LDPC iterations
	Message passing with 50 iterations

	FFT size 
	4096 for 15 KHz subcarrier spacing

	Channel model
	TDL-A, 3 Kmph

	Spectral shaping  filter
	Not modeled 

	Antenna configuration
	4X2 

	Rank per UE
	Fixed rank =1

	MCS 
	MCS 2 in TS 38.214

	DM-RS
	Type 1and Type 2 with single/two symbol front loaded and additional symbols of 1, 2

	Channel estimation 
	MMSE 
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