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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-e meeting[1] and revised WID[2], it is agreed to evaluated the enhancements of PUCCH formats 0/1/4 by link level simulation. In addition to the PUCCH enhancements evaluation, we also provided some LLS results about DMRS and PTRS enhancements for 120/480/960kHz SCS. For channel access mechanism, some new SLS results are updated.
Assumptions and results for Link level evaluation 
Simulation assumptions
Table 1.1 Simulation assumption of PDSCH/PUSCH evaluation
	Assumptions
	Value

	Carrier frequency
	60 GHz 

	Duplexing 
	TDD

	Waveform
	CP-OFDM for DL/UL, DFT-s-OFDM for UL

	Numerology
	[120 kHz]

	Antenna Configuration (Mg,Ng,M,N,P)
	- (Mg,Ng,M,N,P) = (1,1,4,8,2) BS with (0.5 dv, 0.5 dH)
- (Mg,Ng,M,N,P) = (1,1,2,2,2) UE with (0.5 dv, 0.5 dH)

	PN model
	Example 2 phase noise model scaling to 60 GHz in 38.803

	Channel coding
	LDPC code

	frame structure
	2(PDCCH)/1(DMRS)/11(data+PTRS)

	System BW
	400MHz：4096 FFT size

	Transmission BW
	64 RBs for CP-OFDM
256 RBs for DFT-s-OFDM

	TTI
	1 slot

	DMRS
	1/2 in frequency in each port

	PTRS
	For CP-OFDM:
K=2 in frequency domain, L=1 in time domain
For DFT-s-OFDM:
8*4  or 16*2

	Receiver 
	ICI compensation

	Channel estimation 
	Realistic


Table 1.2 Simulation assumption of PUCCH design evaluation

	Parameter
	Value

	Carrier Frequency [GHz]
	60 GHz

	Subcarrier spacing, SCS [kHz]
	120,480,960kHz

	Number of usable RBs per carrier
	256 for 120 kHz SCS (corresponds to ~400 MHz carrier)
256 for 480 kHz SCS (corresponds to ~1600 MHz carrier)
160 for 960 kHz SCS (corresponds to ~2000 MHz carrier)

	PUCCH Frequency Hopping
	On

	PUCCH Frequency Domain Resource Mapping
	N_RB contiguous RBs per hop (with all REs allocated per PRB)

	Waveform
	CP-OFDM for PF0/1
DFT-s-OFDM for PF4

	CP Type
	Normal CP

	Channel Model
	TDL-A, Delay spread (DS) = 10ns

	BS Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,2}

	UE Antenna Configuration (Mg,Ng,M,N,P)
	{1,1,1,1,1}

	Mobility
	3 km/hr

	PA Model
	None

	gNB TRP PN Model
	Zero phase noise

	UE PN Model
	Zero phase noise

	Pre-loaded Tx EVM
	0%

	Additive Rx EVM
	0%

	I-Q Imbalance
	None

	Frequency Offset
	0 ppm

	Channel Estimation
	Realistic channel estimation



Table 1.3 Reporting metrics for PUCCH design
	Parameter
	Value

	PUCCH Format
	PF0, PF1, PF4

	Subcarrier spacing, SCS [kHz]
	120,480,960 kHz

	Frequency hopping details
	Frequency offset 46 RBs

	Number of RBs used per hop (N_RB)
	{1, 2, 4, 8} RBs

	PUCCH bandwidth per hop, BW [MHz]
	N_RB*SCS MHz

	Number of OFDM symbols used for PUCCH resource
	2 for PF0
14 for PF1/4

	Sequence construction details
	Short repetition sequence for PF0
Long sequence for PF0/1
Long sequence for DMRS of PF4

	OCC configuration details
	N.A.

	Cyclic shift configuration details
	Initial cyclic shift 0 for PF0/1/4

	Number of multiplexed users, e.g., by code division, if applicable
	1 user

	PUCCH payload encoder type
	Reed Muller or Polar for PF4

	PUCCH payload size(s) (bits)
	For PF4
Low: 4 bits
Moderate:11 bits
High: 22 bits

	PUCCH encoding rate(s)
	According to Reed Muller code for 4/11 bits payload
According to Polar code and N_RB for 22 bits payload

	Required SNR (dB)
	Based on link level simulation results in Section 2.2.3. Detection criteria follows R1-2102127

	Cubic Metric, CM (dB)
	Values shown in link budget calculation tables Appendix C.

	UE Tx Beamforming gain (dBi)
	TxBF = 6dBi

	BS Rx Beamforming gain (dBi)
	RxBF = 20dBi

	UE Power Limitations
	Maximum EIRP:
UE_EIRP = 25 dBm
Maximum conduced power (prior to consideration of backoff):
UE_P = 21 dBm

	Pmax (dBm)
	Maximum allowed conducted power considering limit per region

	Backoff (dB)
	Power backoff is equal to the cubic metric

	Transmit power, P_TX (dBm)
	Maximum allowed transmit power including UE power limitation and backoff
P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – Backoff)

	Noise power, P_N (dBm)
	BS Noise Figure, NF = 7 dB
Noise PSD = -174 dBm/Hz
P_N = Noise PSD + 10*log10(BW * 1e6) + NF

	Maximum Isotropic Loss, MIL (dB)
	MIL = P_TX – P_N – Required SNR + TxBF + RxBF



Simulation results 
[bookmark: OLE_LINK14]DMRS
Both different DMRS frequency density and different DMRS pattern in time domain for new SCSs are evaluated, and the results are shown in this section.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Increase DMRS frequency domain density
For new SCSs, increased frequency density of DMRS is proposed to reduce the influence of less RE’s number in coherence bandwidth for channel estimation. And in the simulations, DMRS type 1 are applied with two frequency densities, which are the exist density denoted as “FD=1/2” and the new frequency density denote as “FD=1”, means DMRS is mapped on the all the REs in the scheduled bandwidth. In addition, the TBS size are same for the two frequency densities, and 3 dB power boosting are applied to the DMRS for existed DMRS frequency density, with no data multiplexed with DMRS in the DMRS symbol. From the results shown in Figure 1 for different MCS and different channel scenarios, we can observed that the new frequency density provides no benefit in BLER performance.
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[bookmark: _Ref67474037][bookmark: _Ref67474031]Figure 1. BLER performance comparison of different DMRS frequency density for 480 kHz and 960 kHz under different channel scenarios
Observation 1: Increase frequency density for DMRS type 1 provides no benefit in BLER performance, when compared with the existing DMRS pattern in frequency domain.
[bookmark: OLE_LINK15]Bundling DMRS
Put more than one DMRS symbols or all the symbols of the multi-slot PDSCH together in the front symbols of the multi-slot PDSCH, can be used to address the decreased accuracy of channel estimation caused by the shorter symbol duration for new SCSs. Evaluation results shown in Figure 2 are the BLER performance comparison between the existed DMRS pattern and the bundling pattern, and for the existed DMRS pattern, DMRS is mapped per slot, and channel estimation is estimated individually, for the bundling pattern, 4 DMRS symbols are mapped on the four consecutive symbols of the first slot per 4 slots of 480 kHz, and 8 DMRS symbols are mapped on eight consecutive symbols of the first slot per 8 slots of 960 kHz, and channel is estimated jointly with all the DMRS symbols. 
As the Figure 2 shown, bundling DMRS with joint channel estimation improves the BLER performance of all the simulation case, with 0.2~0.6dB gain.
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[bookmark: _Ref67493911]Figure 2. BLER performance comparison of different DMRS pattern in time domain for 480 kHz and 960 kHz under different channel scenarios
Observation 2: Bundling DMRS with joint channel estimation provides benefit when compared with per slot channel estimation based on existing DMRS pattern in time domain.
PTRS
In this section, PTRS of CP-OFDM in PDSCH and PTRS of DFT-S OFDM in PUSCH are discussed.
CP-OFDM PTRS
For ICI compensation, as analysis in [4], block PTRS with a new sequence is proposed, especially when power boosting is enabled. Power boosting cannot work effectively for the distributed PTRS as most of the received signal used to estimate ICI coefficients are from unknown data signal. However, it can be avoid by block PTRS, due to most of the received signal used to estimate ICI coefficients are from PTRS with power boosting.
To evaluate the performance benefit of block PTRS for ICI estimation, simulations under different MCS, SCS, and scheduled bandwidth are compared. In the evaluations, every K-th (K=4) RB is used as a baseline for Rel-15 PTRS, (CN,CS) is applied to block PTRS, where CN means block number per OFDM symbol, and CS means block size per PTRS block, the detailed design of (CN,CS) are shown in Table 2.1, and the block is mapped on the middle of each sub-band. Algorithm 1 which is direct algorithm discussed in [3] (denoted as Alg-1) is applied to Rel-15 PTRS, and both the algorithm 1 and algorithm 2 (proposed in [4] with lower complexity, denoted as Alg-2) are applied to block PTRS. 
[bookmark: _Ref68169336]Table 2.1. Length of base sequence and circular sequence for block PTRS
	Block size M
	64
	41
	41
	33
	33
	17
	17

	ICI order estimated
	5
	5
	3
	5
	3
	5
	3

	Length of base sequence L
	59
	37
	37
	29
	31
	13
	13

	Length of head circular sequence q
	2
	2
	2
	2
	1
	2
	2

	Length of tail circular sequence p
	3
	2
	2
	2
	1
	2
	2



The results are shown from Figure 3 to Figure 11. As can be observed from the results, the demodulation SNR at BLER of 1% for block PTRS are lower than that of Rel-15 PTRS for almost all the cases, especially when scheduled bandwidth is 64RB: (1) with 256RB, block PTRS with both algorithms provide slightly better than distributed PTRS, where the detailed gains are about 0.2dB of CDL-B, and 0.1dB of CDL-D for 120 kHz and 480 kHz of MCS22; (2) with 160RB, block PTRS provides 0.5dB benefit of CDL-B, and 0.2~0.3dB benefit of CDL-D for 960 kHz; (3) with 128RB, the gain provides by block PTRS are 0.4~0.6dB of CDL-B, 0.2~0.4dB of CDL-D respectively; (4) with 64RB, the gain provides by block PTRS are increased further, which are about 0.8~1.5dB for MCS22 and 120 kHz, about 0.8~1.6dB for MCS26 and 480 kHz, about 1~1.8dB for MCS26 and 960 kHz. 
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[bookmark: _Ref67496596]Figure 3. BLER performance comparison of different PTRS pattern for 120 kHz with 256RB and power boosting
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Figure 4. BLER and SE performance comparison of different PTRS pattern for 120 kHz with 128RB and power boosting
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Figure 5. BLER and SE performance comparison of different PTRS pattern for 120 kHz with 64RB and power boosting
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Figure 6. BLER performance comparison of different PTRS pattern for 480 kHz with 256RB and power boosting
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Figure 7. BLER and SE performance comparison of different PTRS pattern for 480 kHz with 128RB and power boosting
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Figure 8. BLER and SE performance comparison of different PTRS pattern for 480 kHz with 64RB and power boosting
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Figure 9. BLER and SE performance comparison of different PTRS pattern for 960 kHz with 160RB and power boosting
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Figure 10. BLER and SE performance comparison of different PTRS pattern for 960 kHz with 128RB and power boosting
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[bookmark: _Ref68382571]Figure 11. BLER and SE performance comparison of different PTRS pattern for 960 kHz with 64RB and power boosting
Observation 3: With power boosting, performance of block PTRS is improved significantly and the required SNR at BLER of 1% are lower than that of Rel-15 PTRS for almost all the cases, especially when scheduled bandwidth is 64RB.
DFT-S OFDM PTRS
· [bookmark: OLE_LINK21]Performance of different PTRS pattern
[bookmark: OLE_LINK23]The evaluation results of PTRS for DFT-s-OFDM are shown in details in this section. As discussed [5] before, the PTRS pattern of DFT-s-OFDM defined in Rel-15 is insufficient when wide scheduled bandwidth and a high scheduled MCS is used due to the long interpolation range between two adjacent PTRS groups. As a solution to this problem, a new pattern with the same PTRS overhead as (CN, CS) = 16*2 is evaluated which has more PTRS groups and fewer PTRS samples per PTRS group where CN means , CS means . The performance of more PTRS groups and more PTRS samples per PTRS group as (CN, CS) = 16*4 is also evaluated followed.
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[bookmark: _Ref421869718][bookmark: _Ref67335226][bookmark: OLE_LINK26]Figure 12. BLER performance comparison of different PTRS pattern for 120 kHz
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[bookmark: OLE_LINK29]Figure 13. BLER performance comparison of different PTRS pattern for 480 kHz
[image: ][image: ]
[image: ]
[bookmark: _Ref67335271][bookmark: OLE_LINK13]Figure 14. BLER performance comparison of different PTRS pattern for 960 kHz
[bookmark: OLE_LINK11][bookmark: OLE_LINK18]As the results from Figure 12 to Figure 14 for different SCS and different Channel show, the new pattern provides significant gains for high MCS: With half of the interpolation range of pattern (CN, CS) = 8*4, the new pattern improves the BLER floor at least one order of magnitude. For medium MCS, its performance is almost the same as that of pattern (CN, CS) = 8*4 due to a worse noise reduction performance with only 2 PTRS samples per PTRS group at medium SNR region.
Observation 4: The required SNR to reach 10-1 and 10-2 BLER for 64QAM (MCS22/26) can be significantly improved for all SCS of 120 kHz, 480 kHz and 960 kHz, if the new PTRS pattern is introduced for DFT-S-OFDM. 
· Performance of different PTRS location
As discussed in [3], due to Rx timing shift, (at least part of) a PTRS group placed at the tail of the transmitter’s DFT-s-OFDM symbol, may wrap-around to the head of the symbol from the receiver’s perspective, thus spoiling the original intention of the design and unnecessarily increasing Rx complexity, as well as deteriorating PN compensation performance. The BLER performance of DFT-S OFDM PTRS with different Rx advance shift when the DFT-S OFDM’s tail includes PTRS groups is shown followed.
[bookmark: OLE_LINK42]The location 0 means the old PTRS location defined in Rel.15. Z% presents the Rx advance shift percentage of the CP duration. CN means  and CS means . 
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[bookmark: _Ref67338407][bookmark: OLE_LINK36]Figure 15. BLER performance comparison of different Rx advance shift (0%, 10%, 20%) for 120 kHz
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Figure 16. BLER performance comparison of different Rx advance shift (0%, 10%, 20%) for 480 kHz
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[bookmark: _Ref67338424]Figure 17. BLER performance comparison of different Rx advance shift (0%, 10%, 20%) for 960 kHz
[bookmark: OLE_LINK25][bookmark: OLE_LINK39]As the results shown from Figure 15 to Figure 17 for different SCS and different Channel, the Rx advance shift will decrease the system performance especially for high MCS. The Rx advance shift leads to PTRS group placed at the tail of the transmitter’s DFT-s-OFDM symbol wrap-around to the head of the symbol from the receiver’s perspective, thus deteriorating Phase Noise compensation performance with PTRS.
[bookmark: OLE_LINK38]Observation 5: Simulation results for DFT-s-OFDM with different Rx advance shift show that, if the PTRS location defined in Rel-15 is used, BLER performance of 120 kHz/480kHz/960kHz will be decreased especially for high MCS due to a worse PN compensation caused by Rx timing shift.
To solve the problem discussed here, a new PTRS location which puts all PTRS sequences in the middle of each interval is presented. In that case, even if there is Rx advance shift, the PTRS group won’t wrap-around to the head of the symbol and may not influence Phase Noise compensation performance. The BLER performance comparison of different PTRS location with different Rx advance shift for 120kHz/480kHz/960kHz are shown followed. The location 0 means the old PTRS location defined in Rel.15 while location 1 means the new PTRS location which is in the middle of each interval. 
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]From the results of 120kHz, [CN,CS]=[4,4] is insufficient for high MCS such as MCS26. The simulation adopts  [CN,CS]=[8,4] for MCS26 in 120kHz, [CN,CS]=[4,4] for others.
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[bookmark: _Ref67338636][bookmark: OLE_LINK37]Figure 18. BLER performance comparison of different PTRS location with different Rx advance shift (0%, 10%) for 120 kHz
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Figure 19. BLER performance comparison of different PTRS location with different Rx advance shift (0%, 10%) for 480 kHz
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Figure 20. BLER performance comparison of different PTRS location with different Rx advance shift (0%, 10%) for 960 kHz
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[bookmark: _Ref67338647]Figure 21. BLER performance comparison of different PTRS location with different Rx advance shift (0%, 10%, 20%) in different Channel for 120 kHz @ MCS22

As the results shown from Figure 18 to Figure 21 for different SCS and different Channel with different PTRS location and different Rx advance shift, the BLER performance with new PTRS location is the best especially for high MCS. For example, the BLER performance of 120kHz/480kHz/960kHz with MCS26 reaches a floor above 10-2 due to 10% Rx advance shift. 

Observation 6: Simulation results for DFT-s-OFDM with different PTRS location and different Rx advance shift show that, New PTRS location which is in the middle of each interval can solve the influence on BLER performance caused by Rx advance timing shift.

PUCCH
In order to make decisions on the number of supported RBs for enhanced PUCCH format 0/1/4, detection performance is evaluated by link level simulation in Figure 22 to 37. As required SNR obtained, link budget calculation is done by taking regional regulatory and UE limitations into consideration. We summarize the results in terms of maximum isotropic loss (MIL) in Appendix C. Table 15 to 18.
As shown in Figure 22 and 23, the required SNR difference between short repetition sequence and long sequence is ~0.1dB with 4 PRBs and nearly 0 with 8PRB for PUCCH format 0.
Observation 7: The required SNR is almost the same among short repetition sequence and long sequence, as no interference from multiplexed UE is considered. 
Observation 8: Based on detection performance, the following can be concluded:
· Required SNR decreases with the increase of number of PRB for PF0/1/4
· Required SNR increases with the increase of PF4 payload size
PUCCH format 0 is evaluted with two OS and two bits payload. The MIL is shown in Appendix C. 
· For 120kHz SCS, there is 8.9 dB MIL gain in USA by increasing the number of RBs from 1 to 8. MIL gain is 0.6dB in EU from 1 RB to 2 RBs. There is no further MIL gain achieved in EU by increasing the number of RBs (>2).
· For 480kHz SCS, there is 4.0 dB MIL gain in USA by increasing the number of RBs from 1 to 4. MIL gain is 0.3dB in EU from 1 RB to 2RBs. There is no further MIL gain achieved in EU by increasing the number of RBs (>2).
· For 960kHz SCS, there is 0.2 dB MIL gain in USA by increasing the number of RBs from 1 to 2.  There is no MIL gain achieved in EU by increasing the number of RBs (>1).
PUCCH format 1 is evaluted with fourteen OS and two bits payload. The MIL is shown in Appendix C.
· For 120kHz SCS, there is 8.8 dB MIL gain in USA by increasing the number of RBs from 1 to 8. While there is merely 0.2 dB MIL gain in EU with 1 RB and 8 RBs.
· For 480kHz SCS, there is 4.1 dB MIL gain in USA by increasing the number of RBs from 1 to 4. MIL gain is 0.1dB in EU from 1 RB to 2RBs. There is no further MIL gain achieved in EU by increasing the number of RBs (>2).
· For 960kHz SCS, there is 1.4 dB MIL gain in USA by increasing the number of RBs from 1 to 2.There is no MIL gain achieved in EU by increasing the number of RBs (>1).
PUCCH format 4 is evaluted with fourteen OS and 4/11/22 bits payload. The MIL is shown in Appendix C.
· For 120kHz SCS and 4 bits payload, there is 9.1 dB MIL gain in USA by increasing the number of RBs from 1 to 8. MIL gain is 0.4dB in EU from 1 RB to 4 RBs. There is no further MIL gain achieved in EU by increasing the number of RBs (>4).
· For 120kHz SCS and 11 bits payload, there is 9.0 dB MIL gain in USA and 0.3dB in EU by increasing the number of RBs from 1 to 8. 
· For 120kHz SCS and 22 bits payload, there is 9.6 dB MIL gain in USA and 0.9dB in EU by increasing the number of RBs from 1 to 8. 
· For 480kHz SCS and 4/11 bits payload, there is 3.6 dB MIL gain in USA by increasing the number of RBs from 1 to 4. MIL gain is 0.1dB in EU from 1 RB to 2RBs. There is no further MIL gain achieved in EU by increasing the number of RBs (>2).
· For 480kHz SCS and 22 bits payload, there is 3.5 dB MIL gain in USA and 0.6 dB MIL gain in EU by increasing the number of RBs from 1 to 2. There is no further MIL gain achieved both in USA and in EU by increasing the number of RBs (>2).
· For 960kHz SCS and 4 bits payload, there is 1.6 dB MIL gain in USA and 0.7 dB by increasing the number of RBs from 1 to 2. 
· For 960kHz SCS and 11 bits payload, there is 1.7 dB MIL gain in USA and 0.8 dB by increasing the number of RBs from 1 to 2. 
· For 960kHz SCS and 22 bits payload, there is 2.8 dB MIL gain in USA and 1.9 dB by increasing the number of RBs from 1 to 2. 
Observation 9: Based on link budget calculation, the following can be concluded:
· For 120 kHz SCS, better MIL performance can be achieved by increasing the number of RBs for PF0/PF1/PF4 according to USA regulation. MIL gain according to EU regulation is limited.
· For 480 kHz SCS, better MIL performance can be achieved by increasing the number of RBs for P0/PF1 and PF4 with 4/11 bits payload. There is around 0.1 MIL gain according to EU regulation with 2 RBs. For PF4 with 22 bits payload, no further MIL gain can be achieved more than 2 RBs.
· For 960 kHz SCS, MIL gain can be achieved with 2 RBs according to USA and EU regulation for PF4 with different payload. For PF0/PF1, there is MIL gain according to USA regulation, but no MIL gain according to EU regulation.
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                                         (a) 4 PRBs                                                    (b) 8 PRBs
Figure 22. PF0 at 120kHz with different number of PRBs and short repetition sequence
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                                        (a) 1 PRB                                                       (b) 2 PRBs
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                                         (c) 4 PRBs                                                    (d) 8 PRBs
Figure 23. PF0 at 120kHz with different number of PRBs and long sequence
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                                         (c) 4 PRBs                                                    (d) 8 PRBs
Figure 24. PF1 at 120kHz with different number of PRBs and long sequence
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                                        (a) 1 PRB                                                       (b) 2 PRBs
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                                        (c) 4 PRBs                                                     (d) 8 PRBs
Figure 25. PF4 at 120kHz with different number of PRBs with 4 bits payload and long sequence
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                                        (a) 1 PRB                                                      (b) 2 PRBs
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                                        (c) 4 PRBs                                                     (d) 8 PRBs
Figure 26. PF4 at 120kHz with different number of PRBs with 11 bits payload and long sequence
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                                        (a) 1 PRB                                                      (b) 2 PRBs
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                                        (c) 4 PRBs                                                     (d) 8 PRBs
Figure 27 PF4 at 120kHz with different number of PRBs with 22 bits payload and long sequence
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                                        (a) 1 PRB                                                       (b) 2 PRBs
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                                        (c) 4 PRBs                              
Figure 28. PF0 at 480kHz with different number of PRBs and long sequence
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                                        (c) 4 PRBs                    
Figure 29. PF1 at 480kHz with different number of PRBs and long sequence
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                                        (a) 1 PRB                                                      (b) 2 PRBs
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                                       (c) 4 PRBs              
Figure 30. PF4 at 480kHz with different number of PRBs with 4 bits payload and long sequence
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                                       (c) 4 PRBs            
Figure 31. PF4 at 480kHz with different number of PRBs with 11 bits payload and long sequence
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                                        (c) 4 PRBs           
Figure 32. PF4 at 480kHz with different number of PRBs with 22 bits payload and long sequence
[image: ][image: ]
                                        (a) 1 PRB                                                      (b) 2 PRBs                         
Figure 33. PF0 at 960kHz with different number of PRBs and long sequence
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                                        (a) 1 PRB                                                      (b) 2 PRBs                
Figure 34. PF1 at 960kHz with different number of PRBs and long sequence
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                                        (a) 1 PRB                                                       (b) 2 PRBs   
Figure 35. PF4 at 960kHz with different number of PRBs with 4 bits payload and long sequence
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                                        (a) 1 PRB                                                       (b) 2 PRBs 
Figure 36. PF4 at 960kHz with different number of PRBs with 11 bits payload and long sequence
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                                        (a) 1 PRB                                                      (b) 2 PRBs   
Figure 37. PF4 at 960kHz with different number of PRBs with 22 bits payload and long sequence

[bookmark: _Ref129681832]Assumptions and results for system level evaluation 
In RAN1 #103-e and RAN #90-e, it was agreed that both LBT mode and no-LBT mode are recommended to be supported to cover a wide range of use cases and regulatory requirements. For LBT mode, the channel access mechanism defined in EN302 567[6] has been identified as the baseline and enhancements have been identified for further discussion. In the revised WID, objectives were set to specify both LBT and No-LBT related procedures, and to study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access.  In this section, we mainly study the receiver-assisted/receiver-only LBT and provide some simulation results for indoor scenario A.
Simulation assumptions for indoor scenario A
	Parameters 
	Assumptions

	Layout
	Indoor scenario-A: Office box 120m x 50m，12 BS per operator, 2 operator.BS randomly deployed within 10m x 10m virtual box. BS mounting on the ceiling. 
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	Inter-BS distance
	Random with minimum distance of 2m for scenario-A

	UE distribution
	100% Indoor, randomly distributed within the office box,
5 users per BS

	Carrier bandwidth
	2000MHz

	Numerology
	960kHz for 2000MHz

	Carrier frequency 
	60GHz

	Channel model
	InH open channel model in 38.901

	Max. allowed BS Tx power(EIRP)
	 40dBm

	Max. allowed UE Tx Power(EIRP)
	 25dBm

	BS antenna configurations
	See 38.802 Table A.2.1-7 for ceiling mount(antenna gain = 5dB)

	UE antenna configuration
	[bookmark: OLE_LINK1]See 38.802 Table A.2.1-8, boresight parallel to ground(antenna gain = 5dB)

	BS antenna height
	3m
	

	UE antenna height
	1.5m
	

	BS receiver noise figure
	7dB
	


	UE receiver noise figure
	10dB

	BS antenna array configuration
	 (M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1), Dh = Dv = 0.5 λ
or (M, N, P, Mg, Ng)  = (4, 4, 2, 1, 1), Dh = Dv = 0.5 λ

	UE antenna array configuration
	 (M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), Dh = Dv = 0.5 λ
or  (M, N, P, Mg, Ng) = (1, 2, 2, 1, 2), Dh = Dv = 0.5 λ

	MCOT
	 5ms

	Traffic model 
	FTP3 with packet size of 27 Mbytes. 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption	
	Realistic

	Channel estimation
	Realistic/ideal 

	Traffic type
	50% DL, 50% UL



Observations regarding Receiver-assisted/receiver-only LBT performance
[bookmark: OLE_LINK12]Impact of number of gNB/UE antennas on Receiver-assisted/receiver-only LBT performance
Table 3.1. Antenna configuration for indoor scenario
	gNB/UE antenna configuration
	gNB antenna configuration
	UE antenna configuration

	Baseline assumption in TR38.808
	M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1)
	(M, N, P, Mg, Ng) = (2, 2, 2, 1, 2)

	Assumption of low-cost devices
	(M, N, P, Mg, Ng)  = (4, 4, 2, 1, 1)
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 2)



In TR38.808, 64 antenna elements and 8 antenna elements are configured for gNB and UE, respectively, as the baseline SLS assumption in the indoor scenario. The probability of experiencing significant interference levels form hidden nodes is low under the current baseline assumption, mainly due to the narrow analog transmission beamwidth. However, in practice, a low-cost device may be equipped with a smaller number of antennas and wider transmission beams would have to be used. The performance of different antenna configuration assumptions as illustrated in Table 3.1 are thus evaluated.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Figure 38 shows the average and fifth percentile DL and UL user perceived throughput (UPT) under the baseline SLS assumption for No-LBT/Omni-directional LBT/Directional LBT/Received-assisted LBT/Receiver-only LBT in indoor scenario A with InH open channel models for BS to UE links. Table 3.2 shows the related results and gains at high traffic load. More detailed results could be found in Appendix B, Tables 09 to 011, respectively. More details of the receiver-assisted and receiver-only LBT mechanisms could be found in our companion contribution [7].We assume that the CW is set to a fixed value of 5 observation slots and MCOT equals 5ms. We also assume that the EDT used for the Rx-side LBT procedure before sending CTS with interference level feedback in receiver-assisted/receiver-only LBT is the same as the baseline EDT (-47dBm). Antenna directional gain is also considered in the EDT calculation.
Figure 39 illustrates the average and fifth percentile DL and UL UPT under the assumption of reduced antenna elements for No LBT/Omni-directional LBT/Directional LBT/received-assisted LBT/receiver-only directional LBT in indoor scenario A with InH open channel models for BS to UE links. Table 3.3 shows the related results and gains at high traffic load. More detailed results could be found in Appendix B, Tables 12 to 14, respectively.
According to the above evaluation results, receiver-only LBT has the best performance compared to other channel access types in fifth percentile DL and UL UPT. The gain of receiver-only LBT compared to No LBT could be 177% in DL and 75% in UL for cell edge at high traffic load under the baseline assumption. In turn, the gain of receiver-only LBT compared to No LBT could be 291% in DL and 103% in UL for cell edge at high traffic load when reduced number of antenna elements are configured.
Table 3.2. Performance of various channel access type at high traffic load (64 antenna elements for gNB, 8 antenna elements for UE)
	Channel access type/User throughput(Mbps)
	DL mean UPT
	UL mean UPT
	DL 5%
UPT
	UL 5%
UPT
	Gain of DL mean UPT
w.r.t No-LBT
	Gain of UL mean UPT
w.r.t No-LBT
	Gain of 5% DL UPT
w.r.t No-LBT
	Gain of 5% UL UPT
w.r.t No-LBT

	No-LBT
	2388.7
	1521.8
	85.7
	86.6
	
	
	
	

	Directional LBT
	2446.7
	1521.1
	101.3
	82.3
	2%
	0%
	18%
	-5%

	Omni-dir LBT
	2452.9
	1538
	95.9
	89.8
	3%
	1%
	12%
	4%

	Receiver-assisted LBT
	2494.2
	1607.9
	191.7
	145.6
	4%
	6%
	123%
	68%

	Receiver-only LBT
	2715.7
	1637.6
	237.6
	151.5
	14%
	8%
	177%
	75%



Table 3.3. Performance of various channel access type at high traffic load (32 antenna elements for gNB, 4 antenna elements for UE)
	Channel access type/User throughput(Mbps)
	DL mean UPT
	UL mean UPT
	DL 5%
UPT
	UL 5%
UPT
	Gain of DL mean UPT
	Gain of UL mean UPT
	Gain of 5% DL UPT
	Gain of 5% UL UPT

	No-LBT
	1842.4
	1208.4
	34.7
	44.5
	
	
	
	

	Directional LBT
	1852.7
	1193.5
	39.3
	16.6
	1%
	-1%
	13%
	-37%

	Omni-dir LBT
	1964.1
	1218.8
	52.4
	40.9
	7%
	1%
	51%
	-8%

	Receiver-assisted LBT
	2033.6
	1299.1
	88.9
	76.4
	10%
	8%
	156%
	72%

	Receiver-only LBT
	2215.7
	1340
	135.6
	90.4
	20%
	11%
	291%
	103%
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Figure 38. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A(64 antenna elements for gNB, 8 antenna elements for UE)
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Figure 39. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A (32 antenna elements for gNB, 4 antenna elements for UE)
Observation 10: Reducing the number of antenna elements by 50 percent (32 for gNB and 4 for UE) compared to the baseline assumption in TR38.808 for the indoor scenario increases the probability of hidden nodes. This results in significantly more gains at DL cell-edge in Receiver-assisted/Receiver-only LBT compared to No-LBT.
Impact of EDT of Rx-side LBT on Receiver-assisted LBT performance
For receiver-assisted/receiver-only LBT, EDT_Rx = -71dBm + 10log10 (BW/2GHz) + offset_dB was assumed at the UE side for LBT before assistance information reporting (for DL) or at the gNB for directional sensing in the direction of potential PUSCH transmission from the corresponding UE (for UL).  The intuition is that, for the DL for instance, the maximum tolerable interference at a receiving UE could be defined as offset_dB above the minimum received power level from the serving gNB, i.e., the minimum association threshold agreed for SLS assumptions -71dBm + 10log10 (BW/2GHz).  Figure 40 illustrates the average and fifth percentile DL and UL user throughput for different EDT_Rx threshold at receiver side in indoor scenario A at medium traffic load. The performances of both the mean and the fifth percentile do not degrade when EDT_Rx becomes lower. In this evaluation, we assume that the measured interference level during the Rx-side LBT is reported to the transmitter. 
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Figure 40. Simulation results with different EDT_Rx threshold in receiver assisted LBT in scenario-A
[bookmark: _GoBack]Observation 11: For Receiver-assisted LBT, if the interference level at the receiver is reported to gNB  (for DL) or assessed by gNB (for UL) when the corresponding LBT procedure is successful, reducing EDT results in more LBT failures and less number of interference assessments/reports. However, this does not considerably change the UPT performance if gNB uses the reported/assessed interference levels to prioritize UE scheduling.
Impact of receiver assistance information on Receiver-assisted LBT performance in DL 
Table 3.4 shows the performance of the average and fifth percentile DL UPT if only CTS/idle indication is fed back when the interference level sensed by the UE in certain directional beam is lower than the EDT_Rx, i.e., interference level is not reported. Table 3.4 also compares these results with the corresponding results where the actual interference levels are also fed back to the gNB along with the one-bit CTS indication. As can be observed from the table, sending CTS/idle indication along with actual interference level would be beneficial since gNB can use the reported interference levels to prioritize the scheduling of the UEs. The performance of reporting the actual interference level does significantly change when the EDT_Rx is varied. It is due to the fact that even when a higher EDT_Rx is used and more UEs pass the CCA, thegNB still prioritizes the UEs with the least interference levels for scheduling. However, if only one-bit CTS information is fed back from the UEs, gNB has no means to properly prioritize scheduling the UEs among the UE candidates based on their interference level and, as the number of candidates for scheduling increases, the used scheduling scheme based only on one-bit feedback CTS becomes increasingly sub-optimal.
Table 3.4. Simulation results with different EDT_Rx and feedback information in DL receiver assisted LBT in indoor scenario-A
	EDT_Rx(dBm)
	0
	-47
	 -51
	-61
	-67

	User perceived  throughput(Mbps)
	Mean 
DL UPT
	5%
 DL UPT
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT
	Mean 
DL UPT
	5% DL
 UPT

	CTS/idle indication with actual interference level reporting
	3873.5
	559.5
	3873.5
	559.5
	3875.8
	566.6
	3832.6
	563.7
	3857.0
	555.1

	Only CTS/idle indication reporting
	
	
	3528.2
	377.4
	3551.1
	419.5
	3771.9
	550.1
	3781.0
	549.7

	Relative Loss 
	
	
	-9%
	-33%
	-8%
	-26%
	-2%
	-2%
	-1.9%
	-0.9%



[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Observation 12: If the EDT_Rx threshold used at the receiver in Receiver-assisted LBT is increased, the DL cell-edge performance degrades when only CTS/idle indication (and not actual interference level) is fed back to the gNB after CCA assessment.
Conclusions
In this contribution, we have provided link level and system level simulation results for both licensed and unlicensed bands. Based on the discussion, we have the following observations: 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observations from LLS for DMRS:
Observation 1: Increase frequency density for DMRS type 1 provides no benefit in BLER performance, when compared with the existing DMRS pattern in frequency domain.
Observation 2: Bundling DMRS with joint channel estimation provides benefit when compared with per slot channel estimation based on existing DMRS pattern in time domain.

Observations from LLS for PTRS:
Observation 3: With power boosting, performance of block PTRS is improved significantly and the required SNR at BLER of 1% are lower than that of Rel-15 PTRS for almost all the cases, especially when scheduled bandwidth is 64RB.
Observation 4: The required SNR to reach 10-1 and 10-2 BLER for 64QAM (MCS22/26) can be significantly improved for all SCS of 120 kHz, 480 kHz and 960 kHz, if the new PTRS pattern is introduced for DFT-S-OFDM. 
Observation 5: Simulation results for DFT-s-OFDM with different Rx advance shift show that, if the PTRS location defined in Rel-15 is used, BLER performance of 120 kHz/480kHz/960kHz will be decreased especially for high MCS due to a worse PN compensation caused by Rx timing shift.
Observation 6: Simulation results for DFT-s-OFDM with different PTRS location and different Rx advance shift show that, New PTRS location which is in the middle of each interval can solve the influence on BLER performance caused by Rx advance timing shift.

Observations from LLS for PUCCH:
Observation 7: The required SNR is almost the same among short repetition sequence and long sequence, as no interference from multiplexed UE is considered. 
Observation 8: Based on detection performance, the following can be concluded:
· Required SNR decreases with the increase of number of PRB for PF0/1/4
· Required SNR increases with the increase of PF4 payload size
Observation 9: Based on link budget calculation, the following can be concluded:
· For 120 kHz SCS, better MIL performance can be achieved by increasing the number of RBs for PF0/PF1/PF4 according to USA regulation. MIL gain according to EU regulation is limited.
· For 480 kHz SCS, better MIL performance can be achieved by increasing the number of RBs for P0/PF1 and PF4 with 4/11 bits payload. There is around 0.1 MIL gain according to EU regulation with 2 RBs. For PF4 with 22 bits payload, no further MIL gain can be achieved more than 2 RBs.
· For 960 kHz SCS, MIL gain can be achieved with 2 RBs according to USA and EU regulation for PF4 with different payload. For PF0/PF1, there is MIL gain according to USA regulation, but no MIL gain according to EU regulation.

Observations from SLS for channel access:
Observation 10: Reducing the number of antenna elements by 50 percent (32 for gNB and 4 for UE) compared to the baseline assumption in TR38.808 for the indoor scenario increases the probability of hidden nodes. This results in significantly more gains at DL cell-edge in Receiver-assisted/Receiver-only LBT compared to No-LBT.
Observation 11: For Receiver-assisted LBT, if the interference level at the receiver is reported to gNB  (for DL) or assessed by gNB (for UL) when the corresponding LBT procedure is successful, reducing EDT results in more LBT failures and less number of interference assessments/reports. However, this does not considerably change the UPT performance if gNB uses the reported/assessed interference levels to prioritize UE scheduling.
Observation 12: If the EDT_Rx threshold used at the receiver in Receiver-assisted LBT is increased, the DL cell-edge performance degrades when only CTS/idle indication (and not actual interference level) is fed back to the gNB after CCA assessment.
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Appendix A.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Table 01. SINR in dB achieving PDSCH BLER of 10% /1% with different DMRS frequency domain density 
	SCS,RB
	Channel
	DS
	MCS
	MCS7
	MCS16
	MCS22

	
	
	
	FD
	FD=1/2
	FD=1
	FD=1/2
	FD=1
	FD=1/2
	FD=1

	480kHZ, 256RB
	CDL-B
	20ns
	10%th
	2.938
	2.936
	10.927
	11.056
	16.552
	16.7

	
	
	
	1%th
	4.733
	4.815
	12.323
	12.549
	17.854
	18.239

	
	CDL-D
	20ns
	10%th
	-0.958
	-0.944
	6.501
	6.522
	11.431
	11.478

	
	
	
	1%th
	0.139
	0.215
	7.208
	7.245
	11.879
	11.955

	
	
	30ns
	10%th
	-0.962
	-0.946
	6.496
	6.523
	11.433
	11.475

	
	
	
	1%th
	0.159
	0.227
	7.236
	7.267
	11.88
	11.961

	960kHz,
160RB
	CDL-B
	20ns
	10%th
	4.13
	4.131
	11.89
	11.931
	17.778
	17.896

	
	
	
	1%th
	6
	6
	15
	15
	20.818
	20.766

	
	CDL-D
	20ns
	10%th
	0.152
	0.151
	7.188
	7.23
	12.624
	12.648

	
	
	
	1%th
	1.153
	1.163
	8.02
	8.051
	13.454
	13.469

	
	
	30ns
	10%th
	0.158
	0.15
	7.192
	7.243
	12.631
	12.646

	
	
	
	1%th
	1.153
	1.164
	8.013
	8.06
	13.434
	13.462



Table 02. SINR in dB achieving PDSCH BLER of 10% /1% with different DMRS pattern in time domain
	SCS,RB
	Channel
	DS
	MCS
	MCS7
	MCS16
	MCS22

	
	
	
	DMRS pattern
	Per slot
	bund
	Per slot
	bund
	Per slot
	bund

	480kHz, 256RB
	CDL-B
	20ns
	10%th
	3.111
	2.522
	11.28
	10.948
	16.733
	16.414

	
	
	
	1%th
	4.645
	4.071
	12.654
	12.44
	18.063
	17.775

	
	CDL-D
	20ns
	10%th
	-0.874
	-1.291
	6.61
	6.355
	11.683
	11.383

	
	
	
	1%th
	-0.012
	-0.797
	7.281
	7.057
	12.133
	11.864

	
	
	30ns
	10%th
	-0.873
	-1.291
	6.611
	6.356
	11.676
	11.383

	
	
	
	1%th
	-0.024
	-0.794
	7.303
	7.047
	12.15
	11.872

	960kHz,
160RB
	CDL-B
	20ns
	10%th
	3.991
	3.166
	11.606
	11.188
	17.566
	16.998

	
	
	
	1%th
	6.0
	7.0
	15
	14.262
	20.472
	19.911

	
	CDL-D
	20ns
	10%th
	0.367
	-0.227
	7.55
	7.197
	12.995
	12.528

	
	
	
	1%th
	1.336
	0.59
	8.184
	7.83
	13.667
	13.16

	
	
	30ns
	10%th
	0.379
	-0.189
	7.548
	7.201
	12.992
	12.528

	
	
	
	1%th
	1.321
	0.616
	8.184
	7.84
	13.663
	13.164


[bookmark: OLE_LINK35]
Table 03. SINR in dB achieving PDSCH BLER of 10% /1% with different PTRS pattern and 256RB with power boosting
	SCS
	channel
	BLER
	MCS22

	
	
	
	K=4, ICI1
	[1,64], ICI1
	[1,64], ICI2

	120k
	CDL-B, 20ns
	0.1
	18.018
	17.802
	17.822

	
	
	0.01
	19.695
	19.317
	19.338

	
	CDL-B, 50ns
	0.1
	17.272
	17.009
	17.026

	
	
	0.01
	18.823
	18.39
	18.472

	
	CDL-D, 20ns
	0.1
	12.244
	12.123
	12.139

	
	
	0.01
	13
	12.867
	12.946

	
	CDL-D, 30ns
	0.1
	12.246
	12.116
	12.133

	
	
	0.01
	12.991
	12.892
	12.978

	480k
	CDL-B, 20ns
	0.1
	16.343
	16.086
	16.094

	
	
	0.01
	17.634
	17.345
	17.372

	
	CDL-B, 50ns
	0.1
	16.567
	16.264
	16.293

	
	
	0.01
	17.809
	17.498
	17.531

	
	CDL-D, 20ns
	0.1
	11.894
	11.797
	11.803

	
	
	0.01
	12.404
	12.282
	12.282

	
	CDL-D, 30ns
	0.1
	11.897
	11.792
	11.808

	
	
	0.01
	12.398
	12.269
	12.294



Table 04. SINR in dB achieving PDSCH BLER of 10% /1% with different PTRS pattern and 160RB with power boosting
	SCS
	channel
	BLER
	MCS22
	MCS26

	
	
	
	K=4, ICI
	[1,41], ICI1
	[1,41], ICI2
	K=4, ICI
	[1,41], ICI1
	[1,41], ICI2

	960k
	CDL-B,20ns
	0.1
	18.582
	17.904
	17.93
	23.861
	23.317
	23.313

	
	
	0.01
	22
	21.453
	21.449
	28.8
	27.431
	27.365

	
	CDL-D,20ns
	0.1
	13.446
	13.234
	13.265
	17.979
	17.628
	17.65

	
	
	0.01
	14.247
	14.044
	14.082
	19.004
	18.53
	18.611

	
	CDL-D,30ns
	0.1
	13.446
	13.234
	13.269
	17.977
	17.633
	17.653

	
	
	0.01
	14.242
	14.042
	14.072
	19.014
	18.506
	18.619



Table 05. SINR in dB achieving PDSCH BLER of 10% /1% with different PTRS pattern and 128RB with power boosting
	SCS
	channel
	BLER
	MCS22
	MCS26

	
	
	
	K=4, ICI
	[1,33], ICI1
	[1,33], ICI2
	K=4, ICI
	[1,33], ICI1
	[1,33], ICI2

	120k
	CDL-B, 20ns
	0.1
	17.402
	17.037
	17.139
	--
	--
	--

	
	
	0.01
	21.253
	20.912
	20.897
	--
	--
	--

	
	CDL-B, 50ns
	0.1
	17.189
	16.689
	16.849
	--
	--
	--

	
	
	0.01
	20.598
	19.857
	19.929
	--
	--
	--

	
	CDL-D, 20ns
	0.1
	13.024
	12.744
	12.83
	--
	--
	--

	
	
	0.01
	13.84
	13.558
	13.669
	--
	--
	--

	
	CDL-D, 30ns
	0.1
	13.023
	12.741
	12.827
	--
	--
	--

	
	
	0.01
	13.84
	13.544
	13.653
	--
	--
	--

	480k
	CDL-B, 20ns
	0.1
	16.485
	16.083
	16.258
	--
	--
	--

	
	
	0.01
	19.668
	19.143
	19.318
	--
	--
	--

	
	CDL-B, 50ns
	0.1
	16.6
	16.286
	16.459
	--
	--
	--

	
	
	0.01
	19.118
	18.527
	18.794
	--
	--
	--

	
	CDL-D, 20ns
	0.1
	12.78
	12.566
	12.665
	--
	--
	--

	
	
	0.01
	13.507
	13.316
	13.453
	--
	--
	--

	
	CDL-D, 30ns
	0.1
	12.778
	12.56
	12.67
	--
	--
	--

	
	
	0.01
	13.507
	13.31
	13.454
	--
	--
	--

	960k
	CDL-B,20ns
	0.1
	16.313
	16.19
	16.209
	21.793
	21.21
	21.297

	
	
	0.01
	19.238
	18.931
	18.939
	25.414
	24.54
	24.54

	
	CDL-D,20ns
	0.1
	12.778
	12.722
	12.743
	17.663
	17.207
	17.26

	
	
	0.01
	13.517
	13.495
	13.531
	18.582
	18.069
	18.122

	
	CDL-D,30ns
	0.1
	12.786
	12.72
	12.746
	17.677
	17.21
	17.257

	
	
	0.01
	13.51
	13.489
	13.537
	18.555
	18.082
	18.133



Table 06. SINR in dB achieving PDSCH BLER of 10% /1% with different PTRS pattern and 64RB with power boosting
	SCS
	channel
	BLER
	MCS22
	MCS26

	
	
	
	K=4, ICI
	[1,17], ICI1
	[1,17], ICI2
	K=4, ICI
	[1,17], ICI1
	[1,17], ICI2

	120k
	CDL-B, 20ns
	0.1
	17.661
	16.72
	16.887
	--
	--
	--

	
	
	0.01
	23.2
	20.749
	21.066
	--
	--
	--

	
	CDL-B, 50ns
	0.1
	18.541
	16.988
	17.2
	--
	--
	--

	
	
	0.01
	22
	20.113
	20.676
	--
	--
	--

	
	CDL-D, 20ns
	0.1
	13.896
	13.144
	13.312
	--
	--
	--

	
	
	0.01
	14.837
	14.067
	14.286
	--
	--
	--

	
	CDL-D, 30ns
	0.1
	13.903
	13.146
	13.313
	--
	--
	--

	
	
	0.01
	14.843
	14.076
	14.256
	--
	--
	--

	480k
	CDL-B, 20ns
	0.1
	16.585
	16.266
	16.464
	23.15
	21.574
	21.762

	
	
	0.01
	19.143
	18.923
	19.358
	28
	24.685
	24.982

	
	CDL-B, 50ns
	0.1
	16.555
	16.382
	16.629
	22.993
	21.65
	21.866

	
	
	0.01
	19.386
	19.296
	19.829
	27.071
	25.06
	25.155

	
	CDL-D, 20ns
	0.1
	13.16
	13.001
	13.139
	18.282
	17.476
	17.651

	
	
	0.01
	13.927
	13.814
	14.054
	19.419
	18.595
	18.898

	
	CDL-D, 30ns
	0.1
	13.156
	12.999
	13.134
	18.278
	17.482
	17.653

	
	
	0.01
	13.938
	13.831
	14.045
	19.438
	18.594
	18.916

	960k
	CDL-B,20ns
	0.1
	16.764
	16.496
	16.722
	23.483
	21.636
	21.879

	
	
	0.01
	20.446
	19.368
	19.64
	28.4
	24.679
	24.854

	
	CDL-D,20ns
	0.1
	13.216
	13.041
	13.197
	18.527
	17.51
	17.678

	
	
	0.01
	13.986
	13.857
	14.212
	19.676
	18.506
	18.74

	
	CDL-D,30ns
	0.1
	13.216
	13.044
	13.198
	18.521
	17.513
	17.686

	
	
	0.01
	13.992
	13.875
	14.2
	19.649
	18.481
	18.744




Table 07. SINR in dB achieving PUSCH BLER of 10% /1% for DFT-s-OFDM and different PTRS patterns 
	[bookmark: OLE_LINK7]MCS
	Channel
	120 kHz,256RB
	480 kHz,256RB
	960 kHz,160RB

	
	
	(CN, CS) = 8*4
	(CN, CS) = 16*2
	(CN, CS) = 16*4
	(CN, CS) = 8*4
	(CN, CS) = 16*2
	(CN, CS) = 16*4
	(CN, CS) = 4*4
	(CN, CS) = 8*4
	(CN, CS) = 16*2

	16
	CDL-B, 20ns
	12.03
/13.38
	12.10
/13.39
	11.69
/12.99
	11.95
/13.21
	12.07
/12.99
	11.80
/12.92
	13.60
/16.97
	13.37
/16.81
	13.56
/16.76

	
	CDL-D, 20ns
	6.54
/6.94
	6.61
/6.97
	6.15
/6.62
	6.42
/6.82
	6.61
/7.05
	6.21
/6.55
	7.93
/8.77
	7.58
/8.30
	7.82
/8.58

	
	CDL-D, 30ns
	6.54
/6.95
	6.61
/9.97
	6.15
/6.62
	6.42
/6.83
	6.62
/7.05
	6.21
/6.52
	7.94
/8.78
	7.59
/8.33
	7.82
/8.59

	22
	CDL-B, 20ns
	20.46
/NAN
	17.64
/19.46
	17.78
/19.75
	19.14
/27.12
	17.72
/19.16
	17.82
/19.44
	20.95
/29.10
	19.60
/23.34
	19.36
/22.83

	
	CDL-D, 20ns
	14.24
/17.89
	11.73
/12.21
	11.84
/12.56
	12.66
/14.83
	11.64
/12.07
	11.63
/12.28
	14.42
/20.40
	13.20
/14.16
	12.83
/13.61

	
	CDL-D, 30ns
	14.26
/17.87
	11.73
/12.22
	11.83
/12.56
	12.66
/14.78
	11.64
/12.06
	11.63
/12.26
	14.44
/20.40
	13.19
/14.16
	12.83
/13.62

	26
	CDL-B, 20ns
	NAN
/NAN
	22.46
/24.65
	NAN
/NAN
	NAN
/NAN
	22.22
/24.10
	29.40
/NAN
	NAN
/NAN
	29.73
/NAN
	23.89
/27.46

	
	CDL-D, 20ns
	NAN
/NAN
	16.54
/17.24
	21.38
/NAN
	NAN
/NAN
	15.95
/16.40
	18.31
/NAN
	NAN
/NAN
	22.79
/NAN
	17.07
/17.89

	
	CDL-D, 30ns
	NAN
/NAN
	16.54
/17.25
	21.42
/NAN
	NAN
/NAN
	15.96
/16.40
	18.33
/NAN
	NAN
/NAN
	22.77
/NAN
	17.08
/17.89



Table 08. SINR in dB achieving PUSCH BLER of 10% /1% for DFT-s-OFDM with different PTRS location and Rx advance shift 
	MCS

	Channel
	[bookmark: OLE_LINK8][bookmark: OLE_LINK9]120 kHz,64RB
	480 kHz,64RB@1600 MHz
	960 kHz,64RB@1960 MHz

	
	
	old_location+0%shift
	old_location+10%shift
	new_location+10%shift
	old_location+0%shift
	old_location+10%shift
	new_location+10%shift
	old_location+0%shift
	old_location+10%shift
	new_location+10%shift

	16

	CDL-B, 20ns
	11.17
/14.66
	11.35
/14.82
	11.03
/14.61
	11.28
/13.97
	11.56
/14.11
	11.28
/13.88
	11.48
/14.94
	11.55
/14.94
	11.43
/14.93

	
	CDL-D, 20ns
	7.32
/8.05
	7.52
/8.31
	7.21
/7.88
	6.93
/7.57
	7.14
/7.85
	6.93
/7.48
	6.93
/7.54
	7.05
/7.65
	6.94
/7.55

	
	CDL-D, 30ns
	7.31
/8.05
	7.51
/8.25
	7.21
/7.88
	6.93
/7.54
	7.15
/7.82
	6.94
/7.46
	6.92
/7.56
	7.06
/7.70
	6.92
/7.55

	22

	CDL-B, 20ns
	18.10
/22.16
	20.27
/28.22
	17.32
/21.02
	17.50
/20.29
	18.73
/21.96
	17.36
/20.18
	17.86
/20.98
	18.27
/21.45
	17.69
/20.79

	
	CDL-D, 20ns
	14.35
/16.45
	17.21
/25.05
	13.37
/14.37
	12.22
/12.95
	13.82
/16.58
	12.16
/12.87
	12.15
/12.77
	12.78
/13.72
	12.10
/12.73

	
	CDL-D, 30ns
	14.36
/16.43
	17.19
/25.05
	13.37
/14.34
	12.21
/12.97
	13.80
/16.50
	12.16
/12.83
	12.14
/12.76
	12.78
/13.74
	12.11
/12.72

	26

	CDL-B, 20ns
	22.02
/26.25
	NAN
/NAN
	21.52
/25.53
	23.06
/26.85
	NAN
/NAN
	22.31
/25.37
	23.67
/NAN
	NAN
/NAN
	22.25
/25.32

	
	CDL-D, 20ns
	18.12
/20.28
	NAN
/NAN
	17.55
/18.53
	17.38
/18.62
	NAN
/NAN
	16.86
/17.65
	16.65
/17.43
	NAN
/NAN
	16.40
/17.09

	
	CDL-D, 30ns
	18.12/
20.11
	NAN
/NAN
	17.61
/18.55
	17.38
/18.62
	NAN
/NAN
	16.86
/17.65
	16.64
/17.43
	NAN
/NAN
	16.40
/17.08





Appendix B.
[bookmark: _Ref48248896][bookmark: OLE_LINK6]Table 09. System level evaluation results for indoor scenario A (no-LBT and omni-directional LBT)
	Cases
	no-LBT
	 omni-directional LBT

	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	1570.8
	456.8
	85.7
	1506.8
	490.0
	95.9

	
	50%ile
	5647.9
	3130.5
	1630.7
	5656.8
	3153.5
	1712.7

	
	95%ile
	8913.9
	8901.2
	8155.6
	8929.5
	8914.1
	8080.0

	
	mean
	5424.9
	3894.8
	2388.7
	5407.0
	3938.5
	2452.9

	DL delay (s)
	5%ile
	0.0242
	0.0243
	0.0264
	0.0242
	0.0242
	0.0258

	
	50%ile
	0.0380
	0.0682
	0.1298
	0.0381
	0.0676
	0.1236

	
	95%ile
	0.1415
	0.4434
	1.3619
	0.1433
	0.4190
	1.2857

	
	mean
	0.0571
	0.1383
	0.4710
	0.0570
	0.1318
	0.4465

	UL UPT (Mbps)
	5%ile
	915.6
	310.5
	86.7
	899.0
	329.8
	89.8

	
	50%ile
	2740.6
	2070.7
	1329.6
	2700.5
	2060.4
	1372.9

	
	95%ile
	4500.4
	4235.8
	3676.1
	4429.1
	4175.5
	3678.3

	
	mean
	2680.1
	2106.7
	1521.8
	2635.4
	2090.3
	1538.0

	UL delay (s)
	5%ile
	0.0480
	0.0498
	0.0565
	0.0487
	0.0505
	0.0572

	
	50%ile
	0.0783
	0.1034
	0.1549
	0.0798
	0.1038
	0.1527

	
	95%ile
	0.2326
	0.6326
	1.4036
	0.2360
	0.6097
	1.3439

	
	mean
	0.1013
	0.2031
	0.4990
	0.1027
	0.2028
	0.4878

	Arrival rate (files/s)
	0.4
	0.8
	1.2
	0.4
	0.8
	1.2

	𝜌DL
	99.60%
	98.78%
	92.27%
	99.59%
	98.90%
	92.45%

	𝜌UL
	99.04%
	98.39%
	91.80%
	99.07%
	98.40%
	92.02%

	BO
	22%
	48%
	70%
	22%
	48%
	69%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 5, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer



Table 10. System level evaluation results for indoor scenario A (directional LBT and receiver assisted LBT)
	Cases
	directional LBT schemes
	 receiver-assisted LBT

	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	1536.6
	486.6
	101.3
	1572.3
	559.5
	191.7

	
	50%ile
	5728.0
	3148.4
	1715.4
	5610.2
	3186.3
	1880.3

	
	95%ile
	8929.2
	8912.7
	8057.0
	8359.5
	8337.7
	7802.4

	
	mean
	5432.0
	3928.0
	2446.7
	5304.3
	3873.5
	2494.2

	DL delay (s)
	5%ile
	0.0242
	0.0242
	0.0257
	0.0258
	0.0259
	0.0269

	
	50%ile
	0.0375
	0.0676
	0.1225
	0.0383
	0.0669
	0.1129

	
	95%ile
	0.1403
	0.4190
	1.1880
	0.1367
	0.3723
	0.8499

	
	mean
	0.0564
	0.1322
	0.4309
	0.0557
	0.1228
	0.3813

	UL UPT (Mbps)
	5%ile
	896.6
	318.9
	82.0
	961.9
	376.6
	145.6

	
	50%ile
	2703.0
	2053.8
	1350.8
	2741.9
	2125.2
	1435.6

	
	95%ile
	4427.9
	4156.9
	3674.3
	4429.3
	4331.7
	3756.6

	
	mean
	2639.0
	2086.1
	1521.1
	2698.9
	2157.0
	1607.9

	UL delay (s)
	5%ile
	0.0487
	0.0504
	0.0570
	0.0487
	0.0493
	0.0565

	
	50%ile
	0.0795
	0.1042
	0.1550
	0.0781
	0.1008
	0.1463

	
	95%ile
	0.2359
	0.6222
	1.3580
	0.2160
	0.5311
	1.0102

	
	mean
	0.1025
	0.2022
	0.4940
	0.0989
	0.1838
	0.4269

	Arrival rate (files/s)
	0.4
	0.8
	1.2
	0.4
	0.8
	1.2

	𝜌DL
	99.60%
	98.89%
	92.80%
	99.59%
	98.98%
	93.54%

	𝜌UL
	99.07%
	98.44%
	91.67%
	99.10%
	98.64%
	93.06%

	BO
	22%
	48%
	70%
	23%
	48%
	70%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer



Table 11. System level evaluation results for indoor scenario A (receiver-only directional LBT)
	Cases
	receiver-only directional LBT

	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	1694.6
	624.5
	237.6

	
	50%ile
	6044.3
	3499.3
	2035.2

	
	95%ile
	8957.8
	8858.4
	8566.0

	
	mean
	5675.1
	4170.1
	2715.7

	DL delay (s)
	5%ile
	0.0241
	0.0244
	0.0248

	
	50%ile
	0.0356
	0.0609
	0.1104

	
	95%ile
	0.1273
	0.3372
	0.7293

	
	mean
	0.0521
	0.1135
	0.3369

	UL UPT (Mbps)
	5%ile
	973.0
	383.6
	151.5

	
	50%ile
	2762.1
	2179.3
	1472.7

	
	95%ile
	4431.0
	4335.5
	3787.7

	
	mean
	2708.9
	2186.9
	1637.6

	UL delay (s)
	5%ile
	0.0487
	0.0492
	0.0559

	
	50%ile
	0.0776
	0.0986
	0.1429

	
	95%ile
	0.2122
	0.5235
	0.9657

	
	mean
	0.0983
	0.1802
	0.4157

	Arrival rate (files/s)
	0.4
	0.8
	1.2

	𝜌DL
	99.63%
	99.15%
	94.43%

	𝜌UL
	99.10%
	98.67%
	93.34%

	BO
	22%
	47%
	68%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer 


Table 12. System level evaluation results for indoor scenario A (no-LBT and omni-directional LBT)
	Cases
	no-LBT
	 omni-directional LBT

	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	1521.7
	441.2
	34.7
	1583.4
	456.9
	52.4

	
	50%ile
	5043.8
	2906.9
	1145.7
	5053.4
	3015.4
	1223.9

	
	95%ile
	8910.1
	8626.6
	6789.3
	8927.6
	8851.4
	6963.3

	
	mean
	5083.6
	3517.4
	1842.4
	5149.1
	3590.2
	1964.1

	DL delay (s)
	5%ile
	0.0242
	0.0249
	0.0313
	0.0242
	0.0243
	0.0304

	
	50%ile
	0.0427
	0.0732
	0.1813
	0.0424
	0.0707
	0.1684

	
	95%ile
	0.1399
	0.4582
	1.8838
	0.1346
	0.4381
	1.7086

	
	mean
	0.0581
	0.1387
	0.6160
	0.0569
	0.1359
	0.5564

	UL UPT (Mbps)
	5%ile
	923.9
	301.5
	44.5
	902.6
	334.5
	40.9

	
	50%ile
	2410.6
	1716.5
	946.9
	2379.6
	1784.9
	970.7

	
	95%ile
	4447.3
	3841.6
	3240
	4383.4
	3804.6
	3236.9

	
	mean
	2474.2
	1882.6
	1208.4
	2436.5
	1884.3
	1218.8

	UL delay (s)
	5%ile
	0.0481
	0.0557
	0.0650
	0.0491
	0.0557
	0.0648

	
	50%ile
	0.0890
	0.1206
	0.2171
	0.0898
	0.1199
	0.2120

	
	95%ile
	0.2269
	0.6403
	2.002
	0.2325
	0.5775
	2.0632

	
	mean
	0.1066
	0.2054
	0.6635
	0.1082
	0.1986
	0.6692

	Arrival rate (files/s)
	0.25
	0.6
	1.0
	0.25
	0.6
	1.0

	𝜌DL
	99.70%
	98.67%
	89.27%
	99.68%
	98.43%
	89.98%

	𝜌UL
	98.79%
	98.26%
	89.66%
	98.79%
	98.08%
	89.49%

	BO
	16%
	45%
	74%
	16%
	44%
	72%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 5, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (1, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer



Table 13. System level evaluation results for indoor scenario A (directional LBT and receiver assisted LBT)
	Cases
	directional LBT schemes
	 receiver-assisted LBT

	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	1581.3
	328.9
	39.3
	1591.0
	506.1
	88.9

	
	50%ile
	4862.9
	2696.7
	1178.4
	5149.8
	3037.9
	1400

	
	95%ile
	8923.7
	8841.6
	6820.2
	8348.1
	8284.5
	6685.9

	
	mean
	5070.8
	3423.3
	1852.7
	5044.8
	3568.9
	2033.6

	DL delay (s)
	5%ile
	0.0242
	0.0243
	0.0313
	0.0259
	0.0260
	0.0317

	
	50%ile
	0.0439
	0.0794
	0.1754
	0.0418
	0.0698
	0.1489

	
	95%ile
	0.1337
	0.5506
	1.7758
	0.1335
	0.3909
	1.2342

	
	mean
	0.0569
	0.1625
	0.6028
	0.0563
	0.1259
	0.4852

	UL UPT (Mbps)
	5%ile
	913.6
	282.4
	16.6
	987.4
	366.3
	76.4

	
	50%ile
	2359.1
	1695.8
	950.9
	2427.1
	1861.2
	1067.5

	
	95%ile
	4346.9
	3780.7
	3142.6
	4388.0
	3823.8
	3347.9

	
	mean
	2410.8
	1829.2
	1193.5
	2485.1
	1942.1
	1299.1

	UL delay (s)
	5%ile
	0.0492
	0.0568
	0.0663
	0.0491
	0.0548
	0.0629

	
	50%ile
	0.0913
	0.1250
	0.2177
	0.0870
	0.1148
	0.1953

	
	95%ile
	0.2320
	0.6401
	2.1766
	0.2158
	0.5371
	1.5271

	
	mean
	0.1092
	0.2203
	0.6956
	0.1047
	0.1871
	0.5598

	Arrival rate (files/s)
	0.25
	0.6
	1.0
	0.25
	0.6
	1.0

	𝜌DL
	99.70%
	98.34%
	89.19%
	99.68%
	98.60%
	91.22%

	𝜌UL
	99.00%
	97.86%
	88.13%
	98.79%
	98.37%
	91.28%

	BO
	16%
	46%
	73%
	16%
	44%
	72%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (1, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer



Table 14. System level evaluation results for indoor scenario A (receiver-only directional LBT)
	Cases
	receiver-only directional LBT

	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	1782.7
	586.0
	135.6

	
	50%ile
	5568.2
	3326.4
	1514.8

	
	95%ile
	8863.0
	8813.6
	7150.0

	
	mean
	5402.7
	3857.1
	2215.7

	DL delay (s)
	5%ile
	0.0244
	0.0245
	0.0297

	
	50%ile
	0.0386
	0.0634
	0.1372

	
	95%ile
	0.1195
	0.3514
	1.0153

	
	mean
	0.0517
	0.1148
	0.4364

	[bookmark: _Hlk61422764]UL UPT (Mbps)
	5%ile
	999.6
	397.9
	90.4

	
	50%ile
	2462.5
	1869.8
	1105.4

	
	95%ile
	4386.4
	3822.1
	3385.8

	
	mean
	2494.4
	1967.4
	1340.0

	UL delay (s)
	5%ile
	0.0491
	0.0543
	0.0618

	
	50%ile
	0.0866
	0.1143
	0.1875

	
	95%ile
	0.2096
	0.4987
	1.3874

	
	mean
	0.1038
	0.1805
	0.5289

	Arrival rate (files/s)
	0.25
	0.6
	1.0

	𝜌DL
	99.70%
	98.84%
	92.39%

	𝜌UL
	98.79%
	98.43%
	91.78%

	BO
	16%
	43%
	70%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng)  = (4, 4, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (1, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer


Appendix C.
Table 15. Link budget for PF0 with 120kHz SCS & short repetition sequence
	Format
	Regulation
	Payload Size [bit]
	Number of PRB
	SCS [kHz]
	Required SNR [dB]
	Noise level [dBm]
	95%CM [dB]
	Tx power [dBm]
	MIL [dB]

	PF0
	EU
	2
	4
	120
	-4.4
	-99.4
	3.30
	19.00
	147.5

	PF0
	EU
	2
	8
	120
	-7.4
	-96.4
	2.37
	19.00
	148.4

	PF0
	USA
	2
	4
	120
	-4.4
	-99.4
	3.30
	14.60
	144.4

	PF0
	USA
	2
	8
	120
	-7.4
	-96.4
	2.37
	17.61
	147.4



[bookmark: _Ref7650919]Table 16. Link budget for PF0/1/4 with 120kHz SCS & long sequence
	Format
	Regulation
	Payload Size [bit]
	Number of PRB
	SCS [kHz]
	Required SNR [dB]
	Noise level [dBm]
	95%CM [dB]
	Tx power [dBm]
	MIL [dB]

	PF0
	EU
	2
	1
	120
	1.5
	-105.4
	0.67
	18.58
	148.5

	PF0
	EU
	2
	2
	120
	-1.7
	-102.4
	0.78
	19.00
	149.1

	PF0
	EU
	2
	4
	120
	-4.5
	-99.4
	1.78
	19.00
	148.9

	PF0
	EU
	2
	8
	120
	-7.4
	-96.4
	1.59
	19.00
	148.8

	PF1
	EU
	2
	1
	120
	-6.0
	-105.4
	0.67
	18.58
	156.0

	PF1
	EU
	2
	2
	120
	-8.0
	-102.4
	0.78
	19.00
	155.4

	PF1
	EU
	2
	4
	120
	-11.5
	-99.4
	1.78
	19.00
	155.9

	PF1
	EU
	2
	8
	120
	-14.8
	-96.4
	1.59
	19.00
	156.2

	PF4
	EU
	4
	1
	120
	-5.0
	-105.4
	2.53
	18.47
	154.9

	PF4
	EU
	4
	2
	120
	-8.0
	-102.4
	2.39
	18.61
	155.0

	PF4
	EU
	4
	4
	120
	-11.2
	-99.4
	2.27
	18.73
	155.3

	PF4
	EU
	4
	8
	120
	-14.1
	-96.4
	2.23
	18.77
	155.3

	PF4
	EU
	11
	1
	120
	-1.8
	-105.4
	2.53
	18.47
	151.7

	PF4
	EU
	11
	2
	120
	-4.5
	-102.4
	2.39
	18.61
	151.5

	PF4
	EU
	11
	4
	120
	-7.8
	-99.4
	2.27
	18.73
	151.9

	PF4
	EU
	11
	8
	120
	-10.8
	-96.4
	2.23
	18.77
	152.0

	PF4
	EU
	22
	1
	120
	1.9
	-105.4
	2.53
	18.47
	148.0

	PF4
	EU
	22
	2
	120
	-1.4
	-102.4
	2.39
	18.61
	148.4

	PF4
	EU
	22
	4
	120
	-4.4
	-99.4
	2.27
	18.73
	148.5

	PF4
	EU
	22
	8
	120
	-7.7
	-96.4
	2.23
	18.77
	148.9

	PF0
	USA
	2
	1
	120
	1.5
	-105.4
	0.67
	8.58
	138.5

	PF0
	USA
	2
	2
	120
	-1.7
	-102.4
	0.78
	11.59
	141.7

	PF0
	USA
	2
	4
	120
	-4.5
	-99.4
	1.78
	14.60
	144.5

	PF0
	USA
	2
	8
	120
	-7.4
	-96.4
	1.59
	17.61
	147.4

	PF1
	USA
	2
	1
	120
	-6.0
	-105.4
	0.67
	8.58
	146.0

	PF1
	USA
	2
	2
	120
	-8.0
	-102.4
	0.78
	11.59
	148.0

	PF1
	USA
	2
	4
	120
	-11.5
	-99.4
	1.78
	14.60
	151.5

	PF1
	USA
	2
	8
	120
	-14.8
	-96.4
	1.59
	17.61
	154.8

	PF4
	USA
	4
	1
	120
	-5.0
	-105.4
	2.53
	8.58
	145.0

	PF4
	USA
	4
	2
	120
	-8.0
	-102.4
	2.39
	11.59
	148.0

	PF4
	USA
	4
	4
	120
	-11.2
	-99.4
	2.27
	14.60
	151.2

	PF4
	USA
	4
	8
	120
	-14.1
	-96.4
	2.23
	17.61
	154.1

	PF4
	USA
	11
	1
	120
	-1.8
	-105.4
	2.53
	8.58
	141.8

	PF4
	USA
	11
	2
	120
	-4.5
	-102.4
	2.39
	11.59
	144.5

	PF4
	USA
	11
	4
	120
	-7.8
	-99.4
	2.27
	14.60
	147.8

	PF4
	USA
	11
	8
	120
	-10.8
	-96.4
	2.23
	17.61
	150.8

	PF4
	USA
	22
	1
	120
	1.9
	-105.4
	2.53
	8.58
	138.1

	PF4
	USA
	22
	2
	120
	-1.4
	-102.4
	2.39
	11.59
	141.4

	PF4
	USA
	22
	4
	120
	-4.4
	-99.4
	2.27
	14.60
	144.4

	PF4
	USA
	22
	8
	120
	-7.7
	-96.4
	2.23
	17.61
	147.7


Table 17. Link budget for PF0/1/4 with 480kHz SCS & long sequence
	Format
	Regulation
	Payload Size [bit]
	Number of PRB
	SCS [kHz]
	Required SNR [dB]
	Noise level [dBm]
	95%CM [dB]
	Tx power [dBm]
	MIL [dB]

	PF0
	EU
	2
	1
	480
	0.3
	-99.4
	0.67
	19.00
	144.1

	PF0
	EU
	2
	2
	480
	-3.0
	-96.4
	0.78
	19.00
	144.4

	PF0
	EU
	2
	4
	480
	-5.3
	-93.4
	1.78
	19.00
	143.7

	PF1
	EU
	2
	1
	480
	-5.9
	-99.4
	0.67
	19.00
	150.3

	PF1
	EU
	2
	2
	480
	-9.0
	-96.4
	0.78
	19.00
	150.4

	PF1
	EU
	2
	4
	480
	-11.6
	-93.4
	1.78
	19.00
	150.0

	PF4
	EU
	4
	1
	480
	-6.5
	-99.4
	2.53
	18.47
	150.4

	PF4
	EU
	4
	2
	480
	-9.5
	-96.4
	2.39
	18.61
	150.5

	PF4
	EU
	4
	4
	480
	-12.0
	-93.4
	2.27
	18.73
	150.1

	PF4
	EU
	11
	1
	480
	-3.0
	-99.4
	2.53
	18.47
	146.9

	PF4
	EU
	11
	2
	480
	-6.0
	-96.4
	2.39
	18.61
	147.0

	PF4
	EU
	11
	4
	480
	-8.5
	-93.4
	2.27
	18.73
	146.0

	PF4
	EU
	22
	1
	480
	0.0
	-99.4
	2.53
	18.47
	143.9

	PF4
	EU
	22
	2
	480
	-3.5
	-96.4
	2.39
	18.61
	144.5

	PF4
	EU
	22
	4
	480
	-5.0
	-93.4
	2.27
	18.73
	143.1

	PF0
	USA
	2
	1
	480
	0.3
	-99.4
	0.67
	14.60
	139.7

	PF0
	USA
	2
	2
	480
	-3.0
	-96.4
	0.78
	17.61
	143.0

	PF0
	USA
	2
	4
	480
	-5.3
	-93.4
	1.78
	19.00
	143.7

	PF1
	USA
	2
	1
	480
	-5.9
	-99.4
	0.67
	14.60
	145.9

	PF1
	USA
	2
	2
	480
	-9.0
	-96.4
	0.78
	17.61
	149.0

	PF1
	USA
	2
	4
	480
	-11.6
	-93.4
	1.78
	19.00
	150.0

	PF4
	USA
	4
	1
	480
	-6.5
	-99.4
	2.53
	14.60
	146.5

	PF4
	USA
	4
	2
	480
	-9.5
	-96.4
	2.39
	17.61
	149.5

	PF4
	USA
	4
	4
	480
	-12.0
	-93.4
	2.27
	18.73
	150.1

	PF4
	USA
	11
	1
	480
	-3.0
	-99.4
	2.53
	14.60
	143.0

	PF4
	USA
	11
	2
	480
	-6.0
	-96.4
	2.39
	17.61
	146.0

	PF4
	USA
	11
	4
	480
	-8.5
	-93.4
	2.27
	18.73
	146.6

	PF4
	USA
	22
	1
	480
	0.0
	-99.4
	2.53
	14.60
	140.0

	PF4
	USA
	22
	2
	480
	-3.5
	-96.4
	2.39
	17.61
	143.5

	PF4
	USA
	22
	4
	480
	-5.0
	-93.4
	2.27
	18.73
	143.1


Table 18. Link budget for PF0/1/4 with 960kHz SCS & long sequence
	Format
	Regulation
	Payload Size [bit]
	Number of PRB
	SCS [kHz]
	Required SNR [dB]
	Noise level [dBm]
	95%CM [dB]
	Tx power [dBm]
	MIL [dB]

	PF0
	EU
	2
	1
	960
	0.4
	-96.4
	0.67
	19.00
	141.0

	PF0
	EU
	2
	2
	960
	-1.4
	-93.4
	0.78
	19.00
	140.0

	PF1
	EU
	2
	1
	960
	-5.5
	-96.4
	0.67
	19.00
	146.9

	PF1
	EU
	2
	2
	960
	-8.5
	-93.4
	0.78
	19.00
	146.9

	PF4
	EU
	4
	1
	960
	-5.2
	-96.4
	2.53
	18.47
	146.1

	PF4
	EU
	4
	2
	960
	-8.8
	-93.4
	2.39
	18.61
	146.8

	PF4
	EU
	11
	1
	960
	-2.0
	-96.4
	2.53
	18.47
	142.9

	PF4
	EU
	11
	2
	960
	-5.7
	-93.4
	2.39
	18.61
	143.7

	PF4
	EU
	22
	1
	960
	1.9
	-96.4
	2.53
	18.47
	139.0

	PF4
	EU
	22
	2
	960
	-2.9
	-93.4
	2.39
	18.61
	140.9

	PF0
	USA
	2
	1
	960
	0.4
	-96.4
	0.67
	17.61
	139.6

	PF0
	USA
	2
	2
	960
	-1.4
	-93.4
	0.78
	19.00
	139.8

	PF1
	USA
	2
	1
	960
	-5.5
	-96.4
	0.67
	17.61
	145.5

	PF1
	USA
	2
	2
	960
	-8.5
	-93.4
	0.78
	19.00
	146.9

	PF4
	USA
	4
	1
	960
	-5.2
	-96.4
	2.53
	17.61
	145.2

	PF4
	USA
	4
	2
	960
	-8.8
	-93.4
	2.39
	18.61
	146.8

	PF4
	USA
	11
	1
	960
	-2.0
	-96.4
	2.53
	17.61
	142.0

	PF4
	USA
	11
	2
	960
	-5.7
	-93.4
	2.39
	18.61
	143.7

	PF4
	USA
	22
	1
	960
	1.9
	-96.4
	2.53
	17.61
	138.1

	PF4
	USA
	22
	2
	960
	-2.9
	-93.4
	2.39
	18.61
	140.9
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