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1. Introduction

In RAN4 NR-AH3 meeting the SNR for the NR REFSENS requirements was discussed and the WF on the SNR definition and simulation assumptions was agreed [1]: 
	Background

· UE RF REFSENS for sub-6GHz and mmWave depends on SNR term which depends on UE demodulation performance
· Sub-6GHz (R4-1709149): REFSENS (dBm) = -174dBm + NF + 10*log(RXBW) - Diversity gain + SNR + IM
· mmWave (R4-1709140): REFSENS (dBm)= -174dBm (kT) + 10*log(Max. RX BW) + NF – Total Ant. gain - Diversity gain + SNR + ILs
· During RAN4#84 Berlin meeting, the SNR for NR REFSENS requirements was discussed,  a way forward R4-1709105 was discussed but not approved, but link level simulation is needed to decide the SNR value. 

Way Forward

· UE REFSENS SNR definition
· Use tentative SNR = -1 dB as the assumption for further NR RF REFSENS requirements discussion

· Define REFSENS FRC and finalize demodulation SNR value as per RAN1 work progress

· Replace the tentative SNR value with final SNR value once it is finalized

· Impairments

· Channel estimation
· Option 1: Practical channel estimation is explicitly taken into account in SNR. 
· Option 2: Perfect channel estimation assumed for SNR definition
· How to capture other BB implementation impairments is FFS
· e.g. add impairments into IM term or capture in SNR definition
· Simulation assumptions

· Propagation condition: AWGN

· Antenna configuration: 

· 
1x1
· Note: Diversity gain (e.g. 3 dB for 2RX) is included in REFSENS equation
· PDSCH resource allocation: Full bandwidth
· HARQ: No HARQ retransmissions
· MCS:
· QPSK modulation
· Code rate: 
· Option 1: 1/3
· Other options not precluded
· Transmission mode: 

· 1 layer, single DMRS port
· LDPC channel coding
· Dependent on the TBS selected: LDPC base graph 1 or 2
· Test metric
· 95% of the maximum throughput of the reference measurement channels

· Set of CBW/SCS: Companies can select one or more of the following combination for initial simulation:
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· Control channel configuration
· Option 1: 3 for CBW=5MHz, 2 for CBW>5MHz
· Other options not precluded
· SS Block configuration
· Option 1:  Schedule PDSCH in slots without SS blocks (For initial simulation alignment)
· Option 2: 1 SSB within 5ms window size with SS burst Set Periodicity 5ms
· Other options not  precluded
· RS configuration: FFS
· TDD configuration: FFS


In this contribution we provide our further views on the SNR FRC parameters and simulation assumptions. We also provide initial simulations results to assess achievable performance.
2. REFSENS simulation assumptions
Below we provide our views on the key simulation assumptions for the REFSENS SNR definition:
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. 
To simplify the work on the FRC definition it is recommended to prioritize the evaluation work on a subset of different scenarios while the remaining scenarios can be finalized at a later stage once the FRC / SNR for the base set is finalized. The following scenarios are recommended to be prioritized for REFSENS SNR evaluations as they sufficiently cover all agreed bands:
· 10 MHz CBW + 15 kHz SCS (FR1 LTE refarming bands)

· 50 MHz CBW + [15/30] kHz SCS (FR1 NR bands)
· 50 MHz CBW + 60 kHz SCS (FR2)
LDPC coding rate
As illustrated in Section 3 the coding rate selection for REFSENS FRC can be adjusted to ensure proper operating SINR operating point. In our view, RAN4 should aim to have final SNR in the range of -1dB. In case LDPC CR 1/3 is used, taking into account demodulation performance and practical channel estimation performance, the final SNR value can be different from the target SNR region. Hence, for further evaluations a range of coding rates can be considered (e.g. 1/4 < CR < 1/3).
PDSCH PRB bundling
Channel estimation may have a strong impact on the demodulation performance and RAN4 should further discuss the proper reference channel estimation assumptions for the channel estimation granularity in frequency domain. Meantime, to speed up definition of the REFSENS SNR we recommend to focus on the robust assumptions and consider small granularity of channel estimation. Hence, 1 or 2 PRB bundling should be considered for SNR definition.
DL control channel configuration
To simplify setup it is recommended to consider that the 1st 2 symbols per-slot are used for DL control channel transmissions.
SS Block configuration
At current stage the RAN1 design of SS block is unstable and may be further revisited. To avoid possible impact on REFSENS performance, we recommend to schedule PDSCH in slots without SS blocks
DMRS configuration
Per last meeting agreements 1 layer single DMRS port should be considered for SNR definition. The following additional parameters should be discussed:

· DMRS configuration type 1
· DMRS AP is FFS

· FFS between: Single/Double symbol DMRS

· FFS whether to configure additional DMRS symbols

PTRS configuration

No PTRS may be configured for FR1 simulations. For FR2 PTRs should be configured:

· DL-PTRS-present = true
· KPTRS = 2 (transmitted in every 2nd RB)
· LPTRS = 1 (transmitted in each OFDM symbol)
TRS and CSI-RS configuration
TRS and CSI-RS are not expected to have big impact on the REFSENS SNR performance. At the same time, the number of available REs may vary depending on the TRS / CSI-RS configuration. To decouple REFSENS SNR performance from the particular TRS/CSI-RS design we recommend to schedule PDSCH transmissions in the slots without TRS / CSI-RS.
Impairments modelling:

REFSENS equations already include the implementation margin “IM” term. In our understanding there is no clarity on what type of baseband impairments should be included into the margin. The particular information may have direct impact on the SNR definition. In case wrong assumptions are used the REFSENS SNR may be overestimated or underestimated. Also, in accordance to the last meeting discussion there is no clarity on which of the baseband impairments should be taken into account in the SNR definition. 
In our understanding the Rel-8 REFSENS SNR values were derived under practical channel estimation assumption while remaining BB impairments were included in IM. A similar approach can be used for NR. 
The following approach is suggested:
· Practical channel estimation is captured in the REFSENS SNR term. 
· The remaining baseband impairments are taken into account in the IM term (e.g. imperfect synchronization, fixed point impacts, different between simulation and practical implementations, etc)
· IM for BB impairments shall be further discussed and added on top of RF impairments IM component

· Sub-6GHz: IMBB = [2.5] dB (same as LTE)
· mmWave: IMBB = [TBD] dB

Summary

In summary, we make the following proposals on the REFSENS simulation assumptions

Proposal #1:
Use the following REFSENS SNR simulation assumptions
· Prioritize the following channel bandwidth and SCS

· 10 MHz CBW + 15 kHz SCS (FR1 LTE refarming bands)

· 50 MHz CBW + [15/30] kHz SCS (FR1 NR bands)

· 50 MHz CBW + 60 kHz SCS (FR2)

· LDPC coding rate is FFS: 1/4 ≤ CR ≤ 1/3

· PDSCH PRB bundling: 1 or 2 PRB
· DL control channel configuration: 2 symbols per-slot are used for DL control channel transmissions.

· 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 = 2 (transmitted in every 2nd RB)

· LPTRS = 1 (transmitted in each OFDM symbol)

· TRS and CSI-RS configuration: Schedule PDSCH transmissions in the slots without TRS / CSI-RS.

· Impairments modelling:

· Practical channel estimation is captured in the REFSENS SNR term. 

· Remaining baseband impairments are taken into account in the IM term 

· IM for BB impairments shall be further discussed and added on top of RF impairments IM component

· Sub-6GHz: IMBB = [2.5] dB (same as LTE)

· mmWave: IMBB = [TBD] dB

3. Initial simulation results

In this section we provide initial simulation results for the REFSENS SNR definition. In Figure 1 we illustrate the initial NR PDSCH demodulation simulation results for the 10 MHZ + 15 kHz SCS scenario under 1x1 AWGN channel conditions. The results are provided for the ideal receiver (perfect channel estimation) case. The results illustrate the demodulation performance for the QPSK modulation and different LDPC coding rates. It may be observed that the CR for QPSK can be adjusted in a relatively wide range and the respective SNR can be adjusted rather flexibly (~10 dB range). In order to reach the target SNR = - 1dB we recommend to consider CRs in the range from 1/4 to 1/3 taking into account practical impairments. 
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Figure 1. NR Demodulation performance (10 MHZ + 15 kHz SCS, 1x1 AWGN, ideal receiver)
4. Conclusions

In this contribution, we provided our further views on the SNR FRC parameters and simulation assumptions. In summary, we make the following proposals:

Proposal #1:
Use the following REFSENS SNR simulation assumptions

· Prioritize the following channel bandwidth and SCS

· 10 MHz CBW + 15 kHz SCS (FR1 LTE refarming bands)

· 50 MHz CBW + [15/30] kHz SCS (FR1 NR bands)

· 50 MHz CBW + 60 kHz SCS (FR2)

· LDPC coding rate is FFS: 1/4 ≤ CR ≤ 1/3

· PDSCH PRB bundling: 1 or 2 PRB
· DL control channel configuration: 2 symbols per-slot are used for DL control channel transmissions.

· 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 = 2 (transmitted in every 2nd RB)

· LPTRS = 1 (transmitted in each OFDM symbol)

· TRS and CSI-RS configuration: Schedule PDSCH transmissions in the slots without TRS / CSI-RS.

· Impairments modelling:

· Practical channel estimation is captured in the REFSENS SNR term. 

· Remaining baseband impairments are taken into account in the IM term 

· IM for BB impairments shall be further discussed and added on top of RF impairments IM component

· Sub-6GHz: IMBB = [2.5] dB (same as LTE)

· mmWave: IMBB = [TBD] dB
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