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1 Introduction

The following simulation assumptions were agreed in last RAN4 meeting for REFSENS requirements for NR from [1]. In this contribution, we provide simulation results together with proposals on the open issues left to decide REFSENS SNR.
· 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 Simulation results
Figure 1 shows REFSENS results with PRB bundling as 2. Figure 2 shows REFSENS results with PRB bundling as 1. Both are based on the simulation assumptions from above agreed WF and both ideal and practical channel estimations are used.
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Figure 1 BLER results for FR1_10MHz_15kHz
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Figure 2 BLER results for FR1_50MHz_30kHz
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Figure 3 BLER results for FR2_50MHz_60kHz
3 Open issues

There are 3 open issues left to decide the final SNR for REFSENS. The first one is the DMRS patterns, the second one is the PTRS configuration and the third one is the IM value.

For the DMRS patterns from the results shown in Chapter 2 both Option 1 with 2 additional DMRS symbols and Option 2 with 3 additional DMRS symbols are bring better results than Option 3 with 1 additional DMRS symbols. We would prefer to take 3 additional DMRS symbols as it provides the better and closer results to -1dB SNR as the agreed targeted SNR. But considering the latest agreements made from RAN1 to take 2 additional DMRS symbols as mandatory DMRS configuration supported by UE we are also fine to take Option 1.
Proposal 1: Take Front loaded Type 1, DL-DMRS-len = 1, DL-DMRS-add-pos = 2 or 3 as the simulation assumptions for REFSENS. Slightly prefer 3. 

The PTRS configuration became controversial among some companies for FR2 in last meeting. In this meeting we bring more results with different PTRS configurations combined with different SCS for FR2 as shown in Appendix. So, from the results it’s seen with lower modulation order such as QPSK the system performance gets worse due to the PTRS overhead for both 60kHz and 120kHz. The results are using more Tx and Rx antenna ports so it makes the difference visible between w/wo PTRS configured. But considering the REFSENS and most RF requirements are based on QPSK it’s recommended not to configure PTRS in the simulation assumptions.

Proposal 2: No PTRS configured for FR2 REFSENS simulation assumptions.

There were discussions on what IM should be covering in last meeting e.g. if it’s only baseband impairment or some RF impairment also. Although no agreement made a common view is the IM should only cover the baseband impairment as the RF impairments are already covered from the REFSENS when it’s calculated from the UE receiver. 

Observation 1: IM should only cover the baseband impairment as the REFSENS is already covering the RF impairment.

If the IM is only considered to cover the baseband part which means only the margin between floating and fixed points implementation should be listed. From experience of LTE time we can keep it in a very good number e.g. 0.5dB even for fading condition and higher modulation order and right now for NR with AWGN channel and 1x1 antenna configuration assumption we should take 0.5dB as reasonable IM for the float vs fixed point implementation, which includes the bias from channel estimation and noise estimation compared to using more Rx antenna ports.
Proposal 3: Use 0.5dB as the IM to cover the baseband implementation margin between floating and fixed-point implementation under AWGN 1x1 for NR REFSENS.
4 Conclusions

In this contribution, we provide simulation results for NR REFSENS and IM suggestion for baseband part with proposals as following.
Proposal 1: Take Front loaded Type 1, DL-DMRS-len = 1, DL-DMRS-add-pos = 2 or 3 as the simulation assumptions for REFSENS. Slightly prefer 3. 

Proposal 2: No PTRS configured for FR2 REFSENS simulation assumptions.

Observation 1: IM should only cover the baseband impairment as the REFSENS is already covering the RF impairment.

Proposal 3: Use 0.5dB as the IM to cover the baseband implementation margin between floating and fixed-point implementation under AWGN 1x1 for NR REFSENS.
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6 Appendix

6.1 Evaluations for 60 kHz subcarrier spacing
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Figure 4. Evaluation results for MCS index 8 at 30 GHz carrier frequency with 60 kHz SCS.

	[image: image10.png]Throughput [Mbits/s]

02

MCS(10), PRB(2), CDL_B(100 ns), Tx(4), Rx(2)

—o—tme: 1 freq: 1
- time: 1 freq: 172
o time: 112, freq: 1
- - time: 112, freq: 112
i time: 114, freq: 1
- time: 114, req: 112
—+—PTRS OFF

SNR (8]





a) 2 PRB

	[image: image11.png]Throughput [Mbits/s]

25

0s

MCS(10), PRB(4), CDL_B(100 ns), Tx(4), Rx(2)

—o—tme: 1 freq: 1

- time: 1, freq: 1/2
-time: 1 freq: 114
—o—time: 112, freq: 1

- time: 112, freq: 112
e time: 112, freq: 114
o time: 114, freq: 1

- time: 114, freq: 1/2
time: 114, freq: 1/4

& PTRS OFF

SNR (8]





b) 4 PRB


	

	[image: image12.png]Throughput [Mbits/s)

35

MCS(10), PRB(8), CDL_B(100 ns), Tx(4), Rx(2)

1
i1 freq:
1

i1 freq:
112, freq
112, freq
112, freq:
O time: 112, freq

o time: 114, freq:
—e—time: 114, freq:

time: 1/4, freq,
O time: 114, freq:

i1

12
14
18
1

12
14
8
1

12
14
18

—>—PTRS OFF

SNR (8]





c) 8 PRB
[image: image13.png]Throughput [Mbits/s]

MCS(10), PRB(16), CDL_B(100 ns), Tx(4), Rx(2)

freq: 1

—>—PTRS OFF

1
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq: 1

112, freq: 112
112, freq: 114
O time: 112, freq: 118
o time: 14, freq:
—e—time: 114, freq: 112
time: 114, freq: 114
o time: 104, freq: 118

SNR (8]





d) 16 PRB


	[image: image14.png]MCS(10), PRB(32), CDL_B(100 ns), Tx(4), Rx(2)

1 freqi 1
& i1 freq: 112

1 frog: 114
e i1 freq: 118

112, freq: 1
1

112, freq: 112
112, freq: 1/4

o 14| |0 time: 12, freq: 178 .
K o time: 1/4, freq: 1

22 - time: 104, freq: 112 7
5| etime: 14, freq: 114

£10f 0 time: 14, freq: 118

g | —>—PTRSOFF

£

SNR (8]




e) 32 PRB
[image: image15.png]40

Throughput [Mbits/s]

MCS(10), PRB(64), CDL_B(100 ns), Tx(4), Rx(2)

1 freq
i1 freq: 112
1 freq: 1/4
i1 freq: 118
112, freq: 1
112, freq: 112
112, freq: 114
112, freq: 118
: 14, freq
14, freq: 112
: 14, freq: 114
: 14, freq: 118
—>—PTRS OFF

15
SNR (8]





f) 64 PRB



Figure 5. Evaluation results for MCS index 10 at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 6. Evaluation results for MCS index 16 at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 7. Evaluation results for MCS index 18 at 30 GHz carrier frequency with 60 kHz SCS.
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Figure 8. Evaluation results for MCS index 28 at 30 GHz carrier frequency with 60 kHz SCS.

6.2 Evaluations for 120 kHz subcarrier spacing
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Figure 9. Evaluation results for MCS index 16 at 30 GHz carrier frequency with 120 kHz SCS.
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Figure 10. Evaluation results for MCS index 18 at 30 GHz carrier frequency with 120 kHz SCS.
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Figure 11. Evaluation results for MCS index 28 at 30 GHz carrier frequency with 120 kHz SCS.

6.3 Simulations assumptions

	Parameter
	Value

	Channel Model
	TR38900_5G_CDL_B

	Phase noise model
	As proposed in [2], applied on both BS and UE

	Tx Scheme
	2x2 antenna panel

	Rx Scheme
	1x2 antenna panel

	UE speed
	3km/h

	Delay spread
	100 ns

	Transmission Slot Length
	14 symbols

	Link Adaptation
	Disabled

	Channel estimation
	Practical LMMSE channel estimation using front loaded RS pattern

	Phase estimation
	Practical phase estimation


Table 6. Simulation assumptions for PTRS analysis
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