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1   Background
During RAN4#85 Reno meeting, WF[1] about NR UE REFSENS SNR was approved. Companies are welcome to bring simulation results for those listed channel bandwidth and SCS. Also some open issues still need further investigation and to be decided as per RAN1 latest agreements. 
	· The following agreements were made and captured in the chairman’s notes. 
· Use CR=1/3 for the REFSENS SNR simulation assumption. 
· Use PRB bundling size 2 for the REFSENS SNR simulation assumption.

· Still use -1dB SNR value for the NR UE REFSENS analysis target
· Agree on the following REFSENS definition procedure 
· Use tentative SNR = -1 dB as the assumption for NR RF REFSENS definition 
· Define REFSENS FRC and define corresponding SNR value (SNRFinal) as per RAN1 work progress (final SNR value may be different from tentative SNR) 
· Replace the tentative SNR value with final SNR value once it is finalized as follows: REFSENSFinal = REFSENS + SNRFinal – SNR
· Take the following configuration as the working assumption unless further issues are identified.

· DMRS configuration: 
· Option 1: Front loaded Type 1, DL-DMRS-len = 1, DL-DMRS-add-pos = 2
· Option 2: Front loaded Type 1, DL-DMRS-len = 1, DL-DMRS-add-pos = 3
· Option 3: Front loaded Type 1, DL-DMRS-len = 1, DL-DMRS-add-pos = 1
· PTRS configuration
· FR1: No PTRS 
· FR2:
· Option 1: No PTRS 
· Option 2: PTRS is configured 
· KPTRS = 2 (transmitted in every 2nd RB) 
· LPTRS = 1 (transmitted in each OFDM symbol)
· Other options are not precluded in case issues are identified by companies. 
· Both ideal and practical channel estimations results are to be provided for alignment purposes. 

· Keep previous agreement: Practical channel and noise estimation are captured in the REFSENS SNR term. 
· Companies are encouraged to bring more input in next meeting for components contributing to IM.
· FR1
· Remaining impairments are taken into account in the IM term
· FR2
· Remaining impairments are added on top of SNR.



2   Discussion

In this paper, we share our views about those open issues and provide simulation results.
2.1   Simulation Assumption

During the simulation, we use those agreed assumptions, coding rate = 1/3 and PRB bundling size 2 with no PT-RS considered for the FR1 cases. Three options were listed for the DMRS pattern and the corresponding FRCs are shown as below:
Table 2-1: FRC for FR1 cases with 1-symbol front-load DMRS plus one additional DMRS(1+1)
	CBW(MHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	SCS(kHz)
	15
	15
	15
	15
	30
	30
	30
	60
	60
	60

	RB
	25
	52
	79
	106
	65
	106
	133
	79
	107
	135

	Modulation order
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code Rate
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3

	CORSET Symbol
	3    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2

	Num of DMRS
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2    

	Channel bits
	5400    
	12480    
	18960    
	25440    
	15600    
	25440    
	31920    
	18960    
	25680    
	32400    

	Number REs within a slot (X)
	108    
	120    
	120    
	120    
	120    
	120    
	120    
	120    
	120    
	120    

	Quantized X (Y)
	108
	108
	108
	108
	108
	108
	108
	108
	108
	108

	Final TBS (A)
	1800
	3752
	5632
	7552
	4608
	7552
	9480
	5632
	7680
	9736

	Base Graph Type
	BG2
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1


Table 2-2: FRC for FR1 cases with 1-symbol front-load DMRS plus two additional DMRS(1+1+1)
	CBW(MHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	SCS(kHz)
	15
	15
	15
	15
	30
	30
	30
	60
	60
	60

	RB
	25
	52
	79
	106
	65
	106
	133
	79
	107
	135

	Modulation order
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code Rate
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3

	CORSET Symbol
	3    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2

	Num of DMRS
	3    
	3    
	3    
	3    
	3    
	3    
	3    
	3    
	3    
	3    

	Channel bits
	4800    
	11232    
	17064    
	22896    
	14040    
	22896    
	28728    
	17064    
	23112    
	29160    

	Number REs within a slot (X)
	96    
	108    
	108    
	108    
	108    
	108    
	108    
	108    
	108    
	108    

	Quantized X (Y)
	108
	108
	108
	108
	108
	108
	108
	108
	108
	108

	Final TBS (A)
	1800
	3752
	5632
	7552
	4608
	7552
	9480
	5632
	7680
	9736

	Base Graph Type
	BG2
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1


Table 2-3: FRC for FR1 cases with 1-symbol front-load DMRS plus three additional DMRS(1+1+1+1)
	CBW(MHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	SCS(kHz)
	15
	15
	15
	15
	30
	30
	30
	60
	60
	60

	RB
	25
	52
	79
	106
	65
	106
	133
	79
	107
	135

	Modulation order
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code Rate
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3
	 1/3

	CORSET Symbol
	3    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2

	Num of DMRS
	4    
	4    
	4    
	4    
	4    
	4    
	4    
	4    
	4    
	4    

	Channel bits
	4200    
	9984    
	15168    
	20352    
	12480    
	20352    
	25536    
	15168    
	20544    
	25920    

	Number REs within a slot (X)
	84    
	96    
	96    
	96    
	96    
	96    
	96    
	96    
	96    
	96    

	Quantized X (Y)
	72
	108
	108
	108
	108
	108
	108
	108
	108
	108

	Final TBS (A)
	1224
	3752
	5632
	7552
	4608
	7552
	9480
	5632
	7680
	9736

	Base Graph Type
	BG2
	BG2
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1
	BG1


From the above yellow highlighted part, we can know that the resulting TBS is same for different DMRS patterns due to the same quantized number of REs within a slot, but the real code rate will be different due to the different number of channel bits and same TBS which is derived as per the same target code rate 1/3.
Observation 1: The real code rate will be different due to the different number of channel bits under the different DMRS pattern and same TBS which is derived as per the same target code rate 1/3.

If we refer to TS 38.211 Table 7.4.1.1.2-3:
Table 7.4.1.1.2-3: PDSCH DM-RS positions 
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 for single-symbol DM-RS.

	Duration of PDSCH transmission
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We can know that the duration of PDSCH transmission is longer than 11 symbols, 3 additional DMRS pattern can be configured, the simulation case 1 with 25RB allocation is not applicable for 3 additional DMRS configurations.

Observation 2: One front-load DMRS plus three additional DMRS pattern is not applicable for the simulation case with 25 RBs allocation. 
2.2   Simulation Results

By using the agreed simulation assumptions and the above FRC defined in Table 2-1, 2-2 and 2-3, the corresponding SNR values for 5% BLER for the FR1 cases are as following:
Table 2-4: Simulation results for FR1 cases with practical CE with DMRS pattern (1+1)
	CBW(MHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	SCS(kHz)
	15
	15
	15
	15
	30
	30
	30
	60
	60
	60

	RB
	25
	52
	79
	106
	65
	106
	133
	79
	107
	135

	SNR
	
	
	
	
	
	
	
	
	
	


Table 2-5: Simulation results for FR1 cases with practical CE with DMRS pattern (1+1+1)
	CBW(MHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	SCS(kHz)
	15
	15
	15
	15
	30
	30
	30
	60
	60
	60

	RB
	25
	52
	79
	106
	65
	106
	133
	79
	107
	135

	SNR
	
	
	
	
	
	
	
	
	
	


Table 2-6: Simulation results for FR1 cases with practical CE with DMRS pattern (1+1+1+1)
	CBW(MHz)
	5
	10
	15
	20
	25
	40
	50
	60
	80
	100

	SCS(kHz)
	15
	15
	15
	15
	30
	30
	30
	60
	60
	60

	RB
	25
	52
	79
	106
	65
	106
	133
	79
	107
	135

	SNR
	
	
	
	
	
	
	
	
	
	


3   Proposals
In this contribution, we give the FRCs used in the simulation as per RAN1 latest agreements and share our simulation results. Our observations and proposals are:

Observation 1: The real code rate will be different due to the different number of channel bits under the different DMRS pattern and same TBS which is derived as per the same target code rate 1/3.

Observation 2: One front-load DMRS plus three additional DMRS pattern is not applicable for the simulation case with 25 RBs allocation.
4   Reference

[1] R4-1714028
“WF on NR UE REFSENS SNR”  Ericsson
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