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1. Introduction

In RAN4 NR-AH3, #84bis and 85 meetings the SNR for the NR REFSENS requirements was discussed and the WFs on the SNR definition and simulation assumptions were agreed [1-3]. The detailed agreements are provided in the Annex A. In this contribution we provide further views on the SNR FRC parameters and simulation assumptions. We also provide simulations results to assess the demodulation performance.
2. REFSENS test parameters
Channel bandwidth and SCS

Based on the current NR design 34 different combinations of channel bandwidth and subcarrier spacing are supported for FR1 and FR2. In the previous RAN4 meeting 14 scenarios were prioritized for evaluation and 3 of these scenarios are considered as baseline:
· 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)
We suggest RAN4 to align the test parameters using the 3 baseline scenarios and then apply the same parameters to check the performance for the remaining CBW/SCS combinations. Assuming too big number of CBW combination it is desirable to avoid specifying different SNR values for each of them. Instead, we suggest to use low bound SNR among all CBW/SCS combinations as the final SNR value applicable to all CBW/SCS and FR1/FR2.

From simulation results in Section 3.2 it may be observed that for FR1 and FR2 scenarios SNR operating point does not depend too much on the CBW and SCS configuration, except for scenario with 5 MHz CBW for FR1. For the latter scenario, -1 dB SNR cannot be reached in case control region size is equal to 3 symbols. For the case of 2 symbols control region, the SNR operating point can be rather close to results for remaining CBW in FR1. Therefore, to avoid spread of SNR values among different CBW, we recommend to revise current tests assumptions and use 2 symbols control region for all scenarios.
DMRS and MCS configuration

In the previous RAN4 meeting it was agreed to consider the following DMRS configurations for further downselection:
· Option 1: Length = 1, 1 additional DMRS (12 DMRS per PRB)

· Option 2: Length = 1, 2 additional DMRS (18 DMRS per PRB)

· Option 3: Length = 1, 3 additional DMRS (24 DMRS per PRB)

From simulation results in Section 3 we conclude that DMRS Option 1 has insufficient channel estimation accuracy, while Option 2 and 3 configurations provide good enough accuracy and performance. Option 3 configuration has rather big DMRS overhead, which will be not be typical for noise-limited stationary scenarios and results in reduced performance comparing to Option 2. So, we suggest to consider Option 2 configuration for REFSENS SNR definition. In addition, we note that based on RAN1 agreements DMRS Option 2 is assumed as default pattern for the broadcast PDSCH reception and hence shall be supported by all UEs [TS 38.214 Section 5.1.6.2]:
“For PDSCH with mapping type A, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS present in a slot”
MCS configuration

In the previous meeting it was agreed to use LDPC code rate = 1/3. In accordance to the NR design, the effective code rate can be different from the target MCS code rate and depends on the TBS calculation procedure which takes into account approximated overhead. From simulation assumptions in Section 3 (Table 1) it can be observed that the effective code rate depends on the MCS and DMRS configuration. The target 1/3 code rate for DMRS Option 2 is achieved for MCS 5.

PTRS configuration

From the previous RAN4 meeting it was agreed that PTRS is not configured for FR1 test and FFS for FR2 test. The REFSENS requirements focus on the RF characteristics verification and, hence, the test setup shall be selected in way to ensure that the baseband impacts are minimized. Using PRTS could allow common phase error compensation and PTRS could be configured for FR2.

Slot formats
For FDD simulations the slots shall be fully occupied by the DL and UL OFDM symbols, respectively. 
For TDD RAN1 defined multiple possible slot formats (TS 38.211 Table 4.3.2-3). Slots can consist of DL symbols only (format 0), UL symbols only (format 1), Flexible symbols only (format 2) or include a combination of different symbols (formats 3-61). For REFESENS SNR definition it is not critical to verify self-contained slot operation. To simplify FRC definition an LTE-like TDD configuration can be considered: 

· Per-slot DL/UL switching with approximately 6:4 DL/UL ration can be considered
· DL slot format 0 (all DL symbols)
· UL slot format is FFS (e.g. 10, 11, 13) (i.e. a number of Flexible symbols followed by UL symbols)
· Example slot format configuration: {0, 0, FFS, 1, 0, 0, 0, FFS, 1, 0}
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Impairments margin

The impairments margin for REFSENS is used to take into account different implementation specific imperfections and includes the following factors:

· Imperfect synchronization

· The REFSENS requirements will be tested under low SNR conditions which may result in imperfect synchronization performance which would cause certain performance impact not taken into account in the simulation results.

· Imperfect parameter estimation

· UE is supposed to estimate a multitude of propagation parameters (channel characteristics, neighbouring cell parameters, etc.) which are usually not taken into account for early simulations and may contribute to small loss under practical conditions.

· Difference between ideal/practical multi-antenna combining gains

· Under AWGN conditions, ideal UE implementation would give 3dB gain for 2RX case and 6dB gain for 4RX case comparing to 1RX due to noise averaging. For the practical implementation, the respective combining gains are reduced and corresponding impacts shall be included in the IM. The detailed analysis on possible margins is provided in section 3.2 and it is shown that depending on implementation the respective margins depend on algorithm implementation and vary from 0.1 to 0.3 dB for 2RX and from 0.5 to 1.0 dB for 4RX.
· Other implementation margins

· The typical RAN4 requirements are defined using link-level simulations which don’t take into account fixed point impacts which may have certain impact on the performance.

Taking into account these factors, 2.5 dB IM value is suggested to be used for FR1 which is aligned with the IM value used for the LTE definition. Similarly, [2.5-3.0] dB IM can be used for FR2.
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 + 30 kHz SCS (FR1 NR bands)

· 50 MHz CBW + 60 kHz SCS (FR2)

· MCS5 from MSC Table 1

· DMRS configuration: Type 1, DL-DMRS-len = 1, DL-DMRS-add-pos = 2

· PTRS is configured for FR2
· KPTRS = 2 (transmitted in every 2nd RB)

· LPTRS = 1 (transmitted in each OFDM symbol)

3. Simulation results

In this section we provide simulation results for the REFSENS SNR definition. 
3.1 DMRS pattern and MCS index selection
In Figure 1 and Figure 2 we provide our REFSENS simulation results for different DMRS patterns under the following conditions:
1. UE type: 1 Rx UE

2. Scenarios

a. Set 1: FR1, 10 MHz CBW + 15 kHz SCS (52 PRBs)

b. Set 2: FR1, 50 MHz CBW + 30 kHz SCS (133 PRBs)

c. Set 3: FR2, 50 MHz CBW + 60 kHz SCS (66 PRBs)
3. DMRS patterns

a. Option 1: Length = 1, 1 additional DMRS (12 DMRS per PRB)
b. Option 2: Length = 1, 2 additional DMRS (18 DMRS per PRB)
c. Option 3: Length = 1, 3 additional DMRS (24 DMRS per PRB)
4. PTRS: Configured for Set 3. No PTRS for Set 1 and 2.
5. Channel and noise estimation

a. Option 1: Perfect

b. Option 2: Practical with 2 PRB bundling
6. FRC: MCS4 and MCS5 from Table 5.1.3.1-1 from TS 38.214 v2.0.0. TBS values are based on Table 1.
Table 1. TBS parameters
	MCS index
	CBW/SCS
	Set 1 (10MHz/15kHz)
	Set 2 (50MHz/30kHz)
	Set 3 (50MHz/60kHz)

	
	DMRS pattern
	Option 1
	Option 2
	Option 3
	Option 1
	Option 2
	Option 3
	Option 1
	Option 2
	Option 3

	MCS4
(CR 0.31)
	TBS
	4480
	3368
	3368
	11528
	8712
	8712
	5632
	4224
	4224

	
	Effective CR
	0.33
	0.26
	0.27
	0.33
	0.26
	0.27
	0.34
	0.26
	0.28

	MCS5

(CR 0.37)
	TBS
	5504
	4096
	4096
	14088
	10504
	10504
	7040
	5248
	5248

	
	Effective CR
	0.40
	0.31
	0.33
	0.40
	0.31
	0.33
	0.42
	0.33
	0.34


In Table 2 we provide summary of simulation results with analysis of SNR point for 5% BLER.
	Set 1, 10 MHZ + 15 kHz SCS
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	Set 2, 50 MHZ + 30 kHz SCS
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	Set 3, 50 MHZ + 60 kHz SCS
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	Figure 1. REFSENS simulation results – MCS 4


	Set 1, 10 MHZ + 15 kHz SCS
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	Set 2, 50 MHZ + 30 kHz SCS
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	Set 3, 50 MHZ + 60 kHz SCS
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	Figure 2. REFSENS simulation results – MCS 5


Table 2. SNR @ 5% BLER for scenarios with perfect and practical channel/noise estimation, dB

	MCS index
	Scenarios
	Set 1
	Set 2
	Set 3

	
	DMRS pattern
	Option 1
	Option 2
	Option 3
	Option 1
	Option 2
	Option 3
	Option 1
	Option 2
	Option 3

	MCS4
	Genie RX
	-1.7
	-2.9
	-2.6
	-1.6
	-2.5
	-2.3
	-1.6
	-2.5
	-2.4

	
	Practical RX
	-1.2
	-2.6
	-2.4
	-1.2
	-2.2
	-2.1
	-1.1
	-2.3
	-2.2

	MCS5
	Genie RX
	-0.5
	-1.8
	-1.6
	-0.5
	-1.8
	-1.6
	-0.3
	-1.6
	-1.4

	
	Practical RX
	-0.2
	-1.6
	-1.5
	-0.2
	-1.6
	-1.4
	0.0
	-1.4
	-1.3


Observation #1:

· Performance degradation due to practical RX processing depends on DMRS configuration and the following performance lose can be observed
· 0.3-0.5 dB for scenarios with 1 additional DMRS

· 0.3-0.2 dB for scenarios with 2 additional DMRS

· 0.2-0.1 dB for scenarios with 3 additional DMRS

· Comparable performance under practical RX processing can be observed for scenarios with 2 and 3 DMRS symbols per slot
· SNR operating point is close to -1 dB for scenarios with 2 and 3 DMRS symbols in case MCS 5 is used 
3.2 Operating SNR point for various CBW and SCS scenarios

In this section we provide link level results for all CBW/SCS agreed in [3] under the following simulation assumptions:
1. UE type: 1 Rx UE

2. DMRS patterns: Length = 1, 2 additional DMRS (18 DMRS per PRB)

3. PTRS: Configured for FR2 scenarios. No PTRS for FR1 scenarios.
4. Channel estimation and noise estimation

a. Option 1: Perfect

b. Option 2: Practical with 2 PRB bundling

5. DL control channel configuration: 

a. 2 or 3 symbols per-slot are used for DL control channel for CBW=5MHz

b. 2 symbols per-slot are used for DL control channel for CBW>5MHz 
6. FRC: MCS5 from Table 5.1.3.1-1 from TS 38.214 v2.0.0. TBS values are based on Table 1.

Table 3. SNR @ 5% BLER for FR1 scenarios, dB

	CBW, MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	SCS, kHz
	15
	15
	15
	15
	30
	30
	30
	60
	60
	60

	Genie RX
	-1.1 / -1.6
	-1.8
	-1.8
	-1.8
	-1.9
	-1.8
	-1.9
	-1.8
	-1.8
	-1.8

	Practical RX
	-0.9 / -1.4 
	-1.6
	-1.6
	-1.6
	-1.6
	-1.6
	-1.6
	-1.6
	-1.6
	-1.6


Note: (*) – X/Y correspond to 2/3 control symbols 
Table 4. SNR @ 5% BLER for FR2 scenarios, dB

	CBW, MHz
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	SCS, kHz
	60
	60
	120
	120

	Genie RX
	-1.6
	-1.6
	-1.6
	-1.6

	Practical RX
	-1.4
	-1.4
	-1.4
	-1.4


Observation #2:

· Similar SNR operating point is observed for FR1 scenarios under practical RX processing, except for 5 MHz CBW scenario
· For scenarios with 5 MHz and control channel region = 3 symbols SNR operating point -1 dB cannot be reached under practical RX processing
· Similar SNR operating point is observed for FR2 scenarios under practical RX processing

· SNR operation for FR2 scenarios is a little bit higher than for FR1 scenarios due to PTRS overhead
3.3 Diversity gain analysis

The REFSENS analysis is typically conducted under 1RX assumption. Under practical conditions the diversity gain from using 2 or 4 RX chains can be below the theoretical bound (3dB and 6dB). In Figure 3 we provide the REFSENS simulation results for different DMRS patterns under the following conditions:

1. UE type: 

a. 1 Rx UE

b. 2 Rx UE

c. 4 Rx UE

2. Scenarios

a. Set 1: FR1, 10 MHz CBW + 15 kHz SCS (52 PRBs)

b. Set 2: FR1, 50 MHz CBW + 30 kHz SCS (133 PRBs)

c. Set 3: FR2, 50 MHz CBW + 60 kHz SCS (66 PRBs)
3. DMRS patterns: Option 2: Length = 1, 2 additional DMRS (18 DMRS per PRB)

4. PTRS: Configured for Set 3. No PTRS for Set 1 and 2.
5. Channel estimation (CE) and noise estimation (NE)
a. Perfect CE and NE
b. Practical 1: CE 2 PRB bundling and NE 2 PRB averaging
c. Practical 2: CE 2 PRB bundling and NE 10 PRB averaging 
6. FRC: MCS5 from Table 5.1.3.1-1 from TS 38.214 v2.0.0. TBS values are based on Table 1.

	Set 1, 10 MHZ + 15 kHz SCS
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	Set 2, 50 MHZ + 30 kHz SCS
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	Set 3, 50 MHZ + 60 kHz SCS
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	Figure 3. REFSENS simulation results – Diversity gain.


Table 5. Diversity gain, dB
	
	Scenarios
	Perfect
	Practical
	Margin

	1 Rx vs 2 Rx
	Set 1
	3.0
	2.7 - 2.8
	0.1-0.3 dB

	
	Set 2
	3.0
	2.7 - 2.8
	

	
	Set 3
	3.0
	2.7 - 2.9
	

	1 Rx vs 4 Rx
	Set 1
	6.0
	5.0 - 5.5
	0.5-1.0 dB

	
	Set 2
	6.0
	5.0 - 5.5
	

	
	Set 3
	6.0
	5.0 - 5.5
	


Observation #3:

· Under perfect receiver assumptions increasing of number of RX chains from 1 to 2 or from 1 to 4 leads to 3 and 6 dB gain, respectively.

· Under practical receiver assumptions increasing of number of RX chains leads to less performance improvement, 2.7-2.9 and 5.0-5.5 dB for 2 and 4 Rx, respectively.
· The difference between ideal and practical combining gains can be included as a part of IM
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 + 30 kHz SCS (FR1 NR bands)

· 50 MHz CBW + 60 kHz SCS (FR2)

· MCS5 from MSC Table 1

· DMRS configuration: Type 1, DL-DMRS-len = 1, DL-DMRS-add-pos = 2

· PTRS is configured for FR2

· KPTRS = 2 (transmitted in every 2nd RB)

· LPTRS = 1 (transmitted in each OFDM symbol)
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Annex A – Summary of agreements
RAN4 NR-AH3
	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:


[image: image11]
· 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


RAN4 #84bis
	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
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· FR2
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· 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


RAN4 #85
	· The simulation assumptions were agreed as following from previous meeting.

· 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
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· FR2
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· 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

· TRS and CSI-RS configuration

· Schedule PDSCH transmissions in the slots without TRS / CSI-RS.
· Practical channel and noise estimation are captured in the REFSENS SNR term. 
· Online agreements made in RAN4#85. 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.
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