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1   Background
During RAN4#84Bis Dubrovnik 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. 
	Simulation Assumptions:
· Channel bandwidth and SCS
· Provide REFSENS SNR analysis for at least for the following CBW/SCS combinations
· Set 1: FR1, 10 MHz CBW + 15 kHz SCS (52 PRBs)
· Set 2: FR1, 50 MHz CBW + 30 kHz SCS (133 PRBs) 
· Set 3: FR2, 50 MHz CBW + 60 kHz SCS (66 PRBs)
· Interested companies are encouraged to provide results for following combinations
· FR1
CBW, MHz 
5 
10 
15 
20 
25 
40 
50 
60 
80 
100 
SCS (kHz)
15 
15 
15 
15 
30 
30 
30 
60 
60 
60 
Number of PRBs
25 
52 
79 
106 
65 
106 
133 
79 
107 
135 
· FR2

CBW, MHz 
50
100
200
400
SCS (kHz)
60
60
120
120
Number of PRBs
66
132
132
264
· LDPC coding rate 
· Option 1: CR = 1/3
· Option 2: CR = 1/6 
· PDSCH PRB bundling: 
· Option 1: No bundling

· Option 2: 2 PRB bundling

· DL control channel configuration: 
· 3 symbols per-slot are used for DL control channel for CBW=5MHz 
· 2 symbols per-slot are used for DL control channel for CBW>5MHz 
· SS Block configuration: 
· Schedule PDSCH in slots without SS blocks
· DMRS configuration: 

· DMRS configuration type 1

· DMRS AP is FFS 

· FFS between: Single/Double symbol DMRS

· FFS whether to configure additional DMRS symbols

· PTRS configuration

· FR1: No PTRS

· FR2: PTRS is configured. KPTRS  and LPTRS are FFS. 

· TRS and CSI-RS configuration

· Schedule PDSCH transmissions in the slots without TRS / CSI-RS. 
Impairments Modelling:
· Practical channel and noise estimation are captured in the REFSENS SNR term. 
· Channel/noise estimation assumptions are for further discussion 
· Remaining baseband impairments 
· FR1 
· Remaining baseband impairments are taken into account in the IM term 
· Baseband IM value is FFS 

· FR2 
· Remaining baseband 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   LDPC coding rate
Currently two options were listed: Option 1: CR=1/3; Option 2: CR=1/6. Based on the simulation results [2][3] provided by companies, we can know if we use coding rate 1/3, the resulting SNR is nearest to -1dB which RAN4 already agreed to use as the assumption for NR REFSENS analysis in RAN4 NR#3 Nagoya meeting. We also know the basic lowest coding rate for BG1 is 1/3 which is used in most cases and is 1/5 for BG2 with no repetition, if we change coding rate to 1/6, it means repetition is needed which is additional not basic requirement for the implementation, and we think the resulting SNR will be far away from -1dB that will cause RAN4 RF to revisit all related requirements, thus it increases the workload in very tight schedule.
Proposal 1: Use CR=1/3 for the REFSENS SNR simulation assumption.
2.2   PDSCH PRB bundling
As per the latest RAN1#90Bis meeting agreements: 
Agreement: For broadcast PDSCH, multi-cast PDSCH, and unicast PDSCH before RRC configuration, PRB bundling size is 2 
Agreement: 1-bit DCI field for indication of PRB bundling size can be configured to be present by RRC

Agreements:
· When 1-bit DCI field is present, the following configuration is supported

· Candidate values: {2, 4, scheduled BW}

· FFS: support 1 as an additional candidate value

· The DCI bit field indicated “1” : select one value from one or two RRC configured candidate values

· When two candidate values are configured, one value is implicitly determined

· FFS details of implicit determination (e.g., scheduled BW, RBG-based, subband size, PDCCH REG bundling size, BWP, DMRS pattern, etc.)

· The DCI bit field indicated “0”: select one RRC configured candidate value

· When a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4

The default value for PRB bundling size is 2, and bundling size 1 is still FFS, to finalize the simulation results for REFSENS SNR as early as possible considering the completion date of December 2017 for NR, we propose to use bundling size 2 for the following simulations.
Proposal 2: Use PRB bundling size 2 for the REFSENS SNR simulation assumption.
2.3   DMRS configuration
As per RAN1 agreements about DMRS configuration for PDSCH, for DMRS configuration type 1, the difference for 1-symbol  and 2-symbol front-load DMRS is the maximum number of ports 4 or 8 per UE in SU-MIMO and 2 or 4 per UE in MU-MIMO, considering RAN4 agreed to use 1x1 under AWGN condition for the simulation, there is no transmit diversity for 4 ports and 8 ports, to simplify the simulation and consider the minimum requirements configuration, we prefer to choose 1-symbol front-load DMRS configuration . 
Considering the following agreements made in RAN1#90bis, different number of symbol for DL control configuration: 3 symbols for channel bandwidth equal to 5MHz, 2 symbols for bandwidth larger than 5MHz, the first DMRS position can be on 4th and 3rd symbol respectively (counting from 1).
Agreements:

· For slot-based scheduling;

· Confirm the following working assumption with updates:

· The first DMRS position either on symbol #2 or symbol #3 is configured by PBCH

· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on symbol #2, and is 3 symbols otherwise.

· The starting OFDM symbol of a CORESET can be symbol #0, #1, or #2, in a slot.

· However, the ending OFDM symbol of a CORESET is not later than symbol #2 in a slot.

For slot-based scheduling, for PDSCH, for the 1-symbol front-load DMRS and 2-symbol front-load DMRS in a 14-symbol slot with the first front-load DMRS symbol on the 3rd and 4th symbol, the additional DMRS for PDSCH can be configured by UE-specific higher layer signalling, so far RAN1 agreed with following patterns:

	Num. of additional DMRS symbols
	First symbol of each additional DMRS (counting from 1)

	
	1-symbol FL DMRS
	2-symbol FL DMRS

	1
	{8}, {10}, {12}
	{9th-10th} or {11th-12th}

	2
	{8,12}, {7,10}
	TBD

	3
	{6,9,12}
	Not support


Consider the basic feature supporting, the additional DMRS need to be configured by signalling, we prefer not to configure additional DMRS symbol in the simulation.

Currently RAN4 agreed two DMRS port mapping for 1-symbol case in slide 6 of R1-1715261:
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Figure 1: DMRS port mapping for configuration type-1 and type-2
If observe the above two mapping pattern, we can know that DMRS configuration type 2 has the following merits:

1.       Type-2 with better orthogonality between different DMRS ports with adjacent REs within an OCC group; especially in the cases for large subcarrier spacing cases.

2.       Type-2 density is less than Type-1, but leave more resources for PDSCH/PUSCH transmission (FDM between DMRS and data was already agreed); So, in the cases with Type-2 will have higher spectrum efficiency.

Proposal 3: Choose 1-symbol front-load DMRS for both DMRS configuration Type 1 for SCS 15kHz and 30kHz and DMRS configuration type 2 for SCS 60kHz and 120kHz.
2.4   PT-RS configuration
As per RAN1 agreement as below, the PT-RS presence is dependent on the scheduled MCS and the number of RBs, for the REFSENS SNR evaluation, considering the AWGN condition, QPSK modulation order, we think that maybe it is not necessary to consider the PT-RS configuration,  if some company has strong view to consider it, we think the default configuration agreed by RAN1 can selected.

· Distributed PTRS (non-consecutive subcarriers) in the frequency domain is used as default configuration
· Support orthogonal multiplexing between PTRS and data transmitted or received by a single UE.
· The RBs containing PTRS can be derived from the scheduled RBs and the associated frequency density; For a given RB, if present, one PTRS port should be mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group
If we choose 1-symbol front-load DMRS for both DMRS configuration type-1 and configuration type-2 and 1 DL PT-RS port, there will be one subcarrier can be assigned for this PT-RS port for a given RB.

· For SU-MIMO, the PT-RS time density and frequency density are associated with the scheduled MCS and BW;

RAN1 has not reached agreements about the specific time density and frequency density yet for the specific MCS range and BW range.
· For DL, if one PT-RS port is configured for an DM-RS port group, for 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation
· The subcarrier for which the PTRS associated with a certain DMRS port is mapped is the same in all RBs where PT-RS is present 
· The maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH, which is 2 in Rel-15

To simplify the simulation, we can choose 1 DL PT-RS port.
· For mapping of PT-RS to RBs among the scheduled RBs for DL and UL: The no RB offset (=0, PT-RS is present in the scheduled RB with lowest RB index and then follows the pattern according to the PT-RS freq. density) is the default value if supported
· If DL-PTRS-present/UL-PTRS-present is enabled, 
· When PTRS is present, one PTRS port is present in every OFDM symbol and every 2nd RB unless DL/UL density tables are configured by RRC
· For CP-OFDM when PTRS is present, the PTRS mapping pattern starts at the first symbol containing PDSCH/PUSCH in the slot and then maps to every L_{PT-RS} symbol
· The PTRS mapping pattern is restarted at each symbol containing DMRS and then mapped to every L_{PT-RS}:th symbol relative to this symbol.

· In case of two adjacent DMRS symbols, the PTRS pattern is restarted using the second of the two DRMS symbols as a reference. 

· Consequently, when PTRS time density is lower than 1, the symbol right after front-loaded DMRS and the symbol right after additional DMRS (if exists) does not contain PTRS

· The PT-RS according to the mapping pattern is not transmitted in OFDM symbols that contains PDSCH/PUSCH DMRS 
· The PT-RS according to the mapping pattern is not transmitted in RE that overlaps with a configured CORESET 
As per the above agreements for CP-OFDM, we can figure out the pattern for PT-RS with corresponding DMRS configuration type-1 and type-2 for the default configuration:
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Figure 2: DMRS and PT-RS pattern with 2-symbol PDCCH

Proposal 4: Not configure PT-RS or choose one PT-RS port that is present in every OFDM symbol and every 2nd RB with no RB-level among the scheduled RBs and no RE-level offset in the selected subcarrier for mapping PT-RS within a RB.
2.5   Simulation Assumption

The following are the simulation assumptions and FRC used in our simulations:
Table 2-1: Simulation assumptions for required SNR
	Parameters
	Assumption

	Propagation condition
	AWGN

	Antenna configuration
	1x1

	Modulation
	QPSK

	Code rate
	1/3

	LDPC base graph
	BG2 for CBW=5MHz; BG1 for CBW>5MHz

	Transmission mode
	1 layer, with 1 front-load DMRS symbol

	DMRS and data multiplexing
	No

	PDCCH symbol
	3 for CBW=5MHz, 2 for CBW>5MHz

	PT-RS
	No PT-RS configuration

	HARQ
	None


Table 2-2: FRC for FR1 used in the simulation
	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

	CFI
	3    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2    
	2

	Channel bits
	6000    
	13728    
	20856    
	27984    
	17160    
	27984    
	35112    
	20856    
	28248    
	35640    

	TBS (A)
	1896
	4552
	6304
	9048
	5600
	9048
	11152
	6304
	9048
	11152

	CRC for TB
	16
	24
	24
	24
	24
	24
	24
	24
	24
	24

	CRC for CB
	0
	0
	0
	24
	0
	24
	24
	0
	24
	24

	Num of CB
	1
	1
	1
	2
	1
	2
	2
	1
	2
	2

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


Table 2-3: FRC for FR2 used in the simulation
	CBW(MHz)
	50
	100
	200
	400

	SCS(kHz)
	60
	60
	120
	120

	RB
	66
	132
	132
	264

	Modulation order
	QPSK
	QPSK
	QPSK
	QPSK

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

	CFI
	2
	2
	2
	2

	Channel bits
	17424    
	34848    
	34848    
	69696    

	TBS (A)
	5600
	11152
	11152
	23136

	CRC for TB
	24
	24
	24
	24

	CRC for CB
	0
	24
	24
	24

	Num of CB
	1
	2
	2
	3

	Base Graph Type
	BG1
	BG1
	BG1
	BG1


2.6   Simulation Results

The following are our simulation results for the cases in FR1 and FR2 respectively as per the above simulation assumption and FRC defined in Tables 2-1, 2-2 and 2-3 :
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Figure 3: Simulation results for FR1 cases
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Figure 4: Simulation results for FR2 cases

As per the simulation results shown in Figures 3 and 4, we can know that for 5% BLER, all the cases have the similar about -1.6dB SNR value.
Observation 1: The SNR value is about -1.6dB for all cases with different number of PRB and bandwidth and SCS combination.
If we further add impairments on top of the above ideal simulation results, the -1dB SNR value is reasonable for UE REFSENS analysis, so we propose:

Proposal 5: Still use -1dB SNR value for the NR UE REFSENS analysis.
3   Proposals
In this contribution, we analyses the simulation assumptions as per RAN1 agreements and share our simulation results. Our observations and proposals are:

Observation 1: The SNR value is about -1.6dB for all cases with different number of PRB and bandwidth and SCS combination.
Proposal 1: Use CR=1/3 for the REFSENS SNR simulation assumption.

Proposal 2: Use PRB bundling size 2 for the REFSENS SNR simulation assumption.

Proposal 3: Choose 1-symbol front-load DMRS for both DMRS configuration Type 1 for SCS 15kHz and 30kHz and DMRS configuration type 2 for SCS 60kHz and 120kHz.

Proposal 4: Choose one PT-RS port that is present in every OFDM symbol and every 2nd RB with no RB offset in the scheduled RBs.

Proposal 5: Still use -1dB SNR value for the NR UE REFSENS analysis.
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