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1. Introduction

In RAN4 #84 meeting the SNR for the NR REFSENS requirements was discussed. In particular a way forward on SNR for REFSENS test was discussed [1] (note: WF not agreed but used as the basis for discussion): 
	Background

· MSD analysis is difficult without knowing absolute level of REFSENS

· SNR for REFSENS definition is needed and demodulation agreements may not be available in time

· If SNR is decided before corresponding agreements in demodulation session can be made, SNR can be modified when a suitable FRC will be introduced

Way Forward

· SNR agreement for REFSENS is needed latest by NR-AH#3 in Nagoya

· Companies are encouraged to bring input on SNR and suitable reference measurement channel description

· If no agreement based on contribution is possible, SNR of -3 dB will be used to define REFSENS for both sub-6 and mmW

· The REFSENS values will be adjusted with the actual SNR value obtained from link level simulations when the FRC parameters become available

· Aim to define the FRC parameters to minimize the difference with the -3dB SNR used in the analysis


In this contribution we provide our views on the SNR definition for REFSENS requirements.
2. Discussion

2.1 REFSENS definition

REFSENS is defined as the minimum mean received signal strength at which there is sufficient SNR for the specified FRC to meet a minimum throughput requirement at 95% of the max level. 
In LTE the following REFSENS equation were used to define the requirements:
REFSENS (dBm) = kTB + NF + SNR + IM – D
where

· kTB is the thermal noise in the RX bandwidth (i.e. -174 dBm + 10*log10(RX_BW))

· NF – noise figure (e.g. 9 dB in LTE for low bands)

· D – diversity gain (e.g. 3 dB for 2RX case)

· IM – Impairments margin (e.g. 2.5 dB) 

· SNR – Operating SNR point for the REFSENS FRC (QPSK 1/3). In LTE the operating SINR = -1dB and was derived under assumption of AWGN channel.

Similar methodology to define the NR REFSENS was agreed in [2-3]:
	Sub-6GHz [2]

REFSENS = -174dBm + NF + 10*log(RXBW) - Diversity gain + SNR + IM

	mmWave [3]

REFSENS (dBm)= -174dBm (kT) + 10*log(Max. RX BW) + NF – Total Ant. gain - Diversity gain + SNR + ILs
· In here, Total ant. gain = element gain + beamforming gain
· ILs: Implementation Losses
· Max. RX BW: Max. Received Bandwidth


In order to proceed with REFSENS definition RF room needs inputs on the REFSENS FRC and SNR operating points as suggested in [2-3].

2.2 NR REFSENS SNR

At current stage the NR physical layer design is still incomplete which make difficult the corresponding FRC definition and definition of final SNR values for REFSENS definition:

· LDPC coding design is not complete 

· PDSCH MCS/TBS definition is in still in progress.

· DL reference signals design is still in progress. The eventual conclusions may have impact on the RS overhead which should be taken into account in the FRC definition.

· DL control channels design (PDCCH/PBCH) is not finalized. The eventual design may have impact on the PDSCH resource allocation and hence number of available REs. Also, the SNR for PDSCH should be chosen in way to ensure no control channel errors or RLF (SNRPDSCH > SNRPDCCH).

Therefore final SNR values for REFSENS definition cannot be defined at current stage and can be defined during the NR WI Performance part only. Meantime, in order to facilitate the RF requirements definition the following approach is suggested:

1. Option 1

a. Do not specify the SNR value in the REFSENS equations and use X value (i.e. TBD)

b. Define exact SNR for REFSENS definition during NR WI Performance part and adjust the REFSENS requirements taking into account final SNR value.

2. Option 2

a. Use “initial” SNR = [0] dB for REFSENS definition at current stage
b. Define “final” SNR for REFSENS definition during NR WI Performance part and adjust the REFSENS requirements taking into account final SNR value.

Proposal #1:
Use SNR = [X] or [0] dB for NR REFSENS definition. Further change the SNR value during NR WI Performance part and adjust REFSENS requirements accordingly.
2.3 REFSENS FRC and simulation assumptions
At the same time, RAN4 needs to start early discussions on the FRC definition for the REFSENS. In particular, we think that the following should be discussed:

1) FRC

2) Simulation assumptions
2.3.1 REFSENS FRC

For the FRC definition the following parameters should be defined
1) PDSCH resource allocation
· Similar to LTE full resource allocation can be considered

2) Channel bandwidth and SCS
· At current stage there are 33 possible valid CBW/SCS combinations for sub-6GHz and mmWave. Assuming full BW resource allocation, this means that 33 different FRCs need to be defined and the simulations should be done for each of them. Assuming such big amount of possible combinations RAN4 should further discuss whether REFSENS for each numerology should be defined. As one alternative REFSENS for the minimum SCS per each CBW can be defined.
3) Modulation 

· MCS selection may have noticeable impact on the final SNR and REFSENS performance. For LTE QPSK 1/3 was used to define the REFSENS performance. REFSENS is usually used to characterize system coverage in DL and hence using QPSK for LTE is justified.
4) Coding rate
· Below, we illustrate the FRC impact on the LTE SNR and REFSENS performance. Simulations are provided for the case of 1x1 AWGN and perfect channel estimation case. The REFSENS is derived via reusing the LTE NF, IM parameters. It may be observed that the MCS selection for LTE can be adjusted to ensure operating SINR of up to -6 dB. The related MCS selection also has direct impact on the REFSENS performance.
· For LTE the selected REFSENS CR does not ensure the best possible coverage and rather characterized some medium coverage achieved with QPSK. For NR, RAN4 should have further discussion on the methodology / principles to define the FRC. In general, we think that similar CR as for LTE can be used (CR = 1/3).
[image: image1.png]Normalized throughput, %

)
3

o
>

o
2

o
=

o
©

o
[N

LTE Demodulation

—6—QPSKCR0.10
—O6—QPSKCRO0.13
~—©-—QPSKCR0.16
—6—QPSK CR0.20
—©6—QPSKCR0.25
~—©-—QPSK CR0.31
—O6—QPSKCR0.36
—O6—QPSK CR0.44
—©6—QPSK CR 0.49
~—©-—QPSK CR 0.56
- - - -95% of max T-put





Figure 1. LTE Demodulation performance (AWGN, 1x1)
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Figure 2. REFSENS performance

5) HARQ retransmissions

· The base LTE REFSENS requirements were defined under assumption of no HARQ retransmissions. Additional requirements for low SNR conditions were also specified for the case of 4 HARQ transmissions. Similarly, for NR the base requirements based on single shot transmission can be considered. FFS if additional low SNR requirements are needed.

6) Other parameters: Control channel configuration, SS Block configuration, RS configuration, TDD configuration need further discussion
Proposal #2:
Further discuss the FRC for REFSENS definition.
· PDSCH resource allocation: Full BW
· Set of CBW/SCS
· Option 1: Define FRC for each CBW/SCS combination

· Option 2: Define FRC for minimum SCS for each CBW
· Use QPSK modulation

· No HARQ retransmissions

· FFS: Code rate, Control channel configuration, SS Block configuration, RS configuration, TDD configuration 

2.3.2 Simulation assumptions

Below we provide view on several aspects of simulation assumptions for the REFSENS SNR definition:

· Channel model: Similar to LTE, static AWGN channel model can be used for REFSENS SNR definition. 

· Number of RX chain: The REFSENS SNR should be defined for 2RX and 4RX chains. The REFSENS equations already include the “Diversity” gain term and, hence, the SNR analysis should take this into account. The following alternatives can be suggested:

· Option 1: Derive SNR for 1RX chain.
· Option 2: Derive SNR for 2RX and 4RX chains and include Diversity gains into the SNR.
The second approach may be more accurate, since there may be certain difference in the combining gains for 2/4 RX chains in case of practical implementations. Meantime, Option 1 may be more suitable for REFSENS methodology and differences in 1/2/4RX impairments can be taken into account in the margins.
· Frequency range: The REFSENS should be defined for both sub-6GH and mmWave scenarios and frequency range specific simulation assumptions need to be discussed. 

· Phase noise: In general, the performance for mmWave can be affected by the phase noise. Meantime, the impact on QPSK is expected to be negligible and most likely PN won’t have big impact.

· OTA test method: The test methodology for mmWave is not finalized and at current stage it is not clear if any specifics should be taken into account in the baseband modelling. 

· Impairment:
· REFSENS equations already includes the implementation margin “IM” term. In our understanding there is no clarity on what type of baseband impairments are already assumed into that margin. The particular information may have direct impact on the SNR definition. In case wrong assumptions are used REFSENS SNR may be overestimated or underestimated. In order to resolve the ambiguity certain alignment between the RF/Demod experts on the impairments to be included in the SNR and IM definitions are needed.
Proposal #3:
REFSENS SNR simulation assumptions

· Static AWGN channel model

· Number of RX chains

· Option 1: SNR is defined under 1RX assumption. Diversity gain is not included into the SNR.

· Option 2: SNR is defined under 2RX/4RX assumptions. Diversity gain is included into the SNR.

· Frequency range specific assumptions are FFS

· Impairments to be included in SNR and IM terms are FFS and need further alignment between RF/Demod experts.
3. Conclusions
In this contribution we provided our views on the SNR definition for REFSENS. In summary, we make the following proposals:

Proposal #1:
Use SNR = [X] or [0] dB for NR REFSENS definition. Further change the SNR value during NR WI Performance part and adjust REFSENS requirements accordingly.
Proposal #2:
Further discuss the FRC for REFSENS definition.
· PDSCH resource allocation: Full BW
· Set of CBW/SCS
· Option 1: Define FRC for each CBW/SCS combination

· Option 2: Define FRC for minimum SCS for each CBW
· Use QPSK modulation

· No HARQ retransmissions

· FFS: Code rate, Control channel configuration, SS Block configuration, RS configuration, TDD configuration 

Proposal #3:
REFSENS SNR simulation assumptions

· Static AWGN channel model

· Number of RX chains

· Option 1: SNR is defined under 1RX assumption. Diversity gain is not included into the SNR.

· Option 2: SNR is defined under 2RX/4RX assumptions. Diversity gain is included into the SNR.

· Frequency range specific assumptions are FFS

· Impairments to be included in SNR and IM terms are FFS and need further alignment between RF/Demod experts.
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