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1  Introduction
In this contribution, we provide link level simulation results on PDSCH, PUSCH and PUCCH, as well as system level simulation results on channel access mechanism such as Cat2 LBT.
2  Link level simulation results
2.1 [bookmark: _Toc53775906] PUSCH 
Regarding the PTRS pattern for DFT-s-OFDM waveform, five different configurations can be chosen according to the allocated RB number as shown in Table 6.2.3.2-1 in TS38.211. 
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In RAN1 #104b-e meeting, some companies propose that increasing the number of PTRS groups can bring performance gain for 120kHz DFT-s-OFDM waveform with large allocated PRB number(e.g. 256 PRBs). Moderator suggest to evaluate the specific PTRS density configuration in the following agreement. 
Agreement in 104b-e:
Continue study at least the following aspects for potential PTRS enhancement for DFT-s-OFDM for NR operation in 52.6 to 71 GHz
· The need of potential PTRS enhancement
· PTRS pattern with more PTRS groups within one DFT-s-OFDM symbol when a large number of PRBs is scheduled
· (Ng = 8, Ns = 4, L = 1), (Ng = 16, Ns = 2, L = 1), (Ng = 16, Ns = 4, L = 1), 
· Note: Ng number of PT-RS groups, Ns number of samples per PT-RS group, and PTRS every L number of DFT-s-OFDM symbols
· Other patterns are not precluded
· Other aspects of PTRS enhancements are not precluded from further study


In this chapter, we evaluate the performance of PUSCH with PTRS enhancement for DFT-s-OFDM with increased PTRS groups(e.g.Ng=16), we assume the allocated PRB number is 256 and MCS equal to 22. 
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Figure 2.1-1 BLER vs SNR performance of DFT-s-OFDM
According to the BLER vs SNR curves with 256 PRBs as shown in Figure 2.1-1,  
· With 10ns and 20ns delay spread, the performance of PTRS configuration(Ng=8, Ns=4) cannot achieve 1% BLER and there is an error floor.
· PTRS configuration(Ng=16, Ns=2) can bring 0.5dB, 0.7dB and 4.7dB performance gain compared with PTRS configuration(Ns=8, Ns=4) with delay spread 5ns, 10ns and 15ns respectively.
· PTRS configuration(Ng=16, Ns=4) can bring 1.9dB, 2.4dB and 6.4dB performance gain compared with PTRS configuration(Ns=8, Ns=4) with delay spread 5ns, 10ns and 15ns respectively.
Since the PTRS overhead of these configurations are different, the spectral efficiency is further evaluated and can be shown below:
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Figure 2.1-2 Spectral efficiency of DFT-s-OFDM
As shown in Figure 2.1-2, increasing PTRS group can provide performance gain in terms of spectral efficiency even with higher PTRS overhead.
Observation 1: Increasing PTRS groups for DFT-s-OFDM waveform can bring benefit to performance of 120kHz SCS and MCS 22.

2.2 [bookmark: _Toc53775907] PDSCH 
· PTRS density
In RAN1 #104b-e meeting, some companies propose that the performance of higher PTRS density might be better when the allocated RB number is relatively small. Then we have the following agreement to conclude that when RB number is larger than 32, increased PTRS density is not supported, and encourage companies to evaluate the higher PTRS density with the specific configuration.
Agreement in 104b-e:
· In Rel-17, for NR operation in 52.6 – 71 GHz, conclude that increased PTRS frequency density is not supported for CP-OFDM at least for Rel-15 PTRS pattern when the allocated number of RB > 32
· Companies are encouraged to study whether to increase PTRS frequency density for small RB allocations for CP-OFDM for NR operation in 52.6 to 71 GHz with respect to phase noise compensation performance
· CPE and ICI PN compensation
· Note: Results for CPE compensation-only are to be reported for reference
· (K = 0.5, L = 1), (K = 1, L = 1), (K = 2, L = 1),
· Note: PTRS per K number of PRBs, and PTRS every L number of OFDM symbols
· Number of RBs: 8, 16, 32
· Other values of K and number of RBs are not precluded 
· Study on other aspects of potential PTRS enhancement (e.g., decreased PTRS frequency density) is not precluded 


We consider 2 types of PN compensation method, i.e. CPE and ICI, both based on the legacy PTRS pattern in Rel-15. For RB number and K, the values in the agreement are assumed. As suggested by the moderator, for other parameters not mentioned, we strictly follow the mandatory parameters in the agreed simulation assumption.
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(a) TDL-A 5ns, 8 PRBs, 120kHz(left)/480kHz(right)
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(b) TDL-A 5ns, 16 PRBs, 120kHz(left)/480kHz(right)
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(c) TDL-A 5ns, 32 PRBs, 120kHz(left)/480kHz(right)
Figure 2.2-1 Comparison of different PTRS density
As shown in Figure 2.2-1, 
1) For ICI compensation, the performance gets better with the increasing PTRS density, the gain becomes significant (>2dB) when PRB number is 8.
2) For CPE compensation, the performance of different PTRS density is similar, less than 1dB gain is observed for higher density when PRB number is 8.
3) When PRB number is not larger than 32, CPE compensation with lower PTRS density can achieve similar or better performance than ICI compensation with higher density.
Therefore, we have the following observation and proposal,
Observation 2: When PRB number is not larger than 32, CPE compensation with lower PTRS density can achieve similar or better performance than ICI compensation with higher PTRS density.
· Block PTRS with cyclic sequence
In RAN1 #104b-e meeting, the following agreement is achieved to encourage companies to evaluate the RS enhancements with the mandatory parameters in the evaluation assumption.
Agreement in 104b-e:
· It is recommended to strictly follow and evaluate at least based on assumptions which are not optional in previous agreed LLS assumptions for study of potential RS enhancements for NR operation in 52.6 to 71 GHz.
· Note: evaluation based on optional model/scenario/parameter values are not precluded from being considered for discussion and decisions
· Companies are encouraged to report results (along with previously reported aspects and cubic metric for power boosting aspects) at least for SINR in dB achieving PDSCH/PUSCH BLER of 10% in a numerical and tabular way (e.g. adapted from LLS result report template in SI).
· Note: other ways of presentation of results (e.g. BLER curve) is not precluded 


In this chapter, we further evaluate the PTRS enhancement for CP-OFDM, especially the block PTRS with cyclic sequence, with the mandatory parameters from agreed assumption. 
Block PTRS with cyclic sequence is discussed in the last meeting, here we consider a block PTRS sequence introduced in [6], which is composed of a base sequence and a circular sequence, as illustrated in Figure 2.2-2. The length of base sequence and circular sequence is decided by the number of significant ICI coefficients. The base sequence  has a constant modulus after IFFT operation to provide a better estimation on ICI coefficients. ZC sequence can be a candidate for the base sequence. The circular sequence includes the head circular part and the tail circular part, wherein the head circular part is composed of the tail of the base sequence, and the tail circular part is composed of the head of the base sequence. In the simulation, the length of circular sequence is assumed to be (tap number+1)/2.
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Figure 2.2-2. Block PTRS with cyclic ZC sequence[6]
As suggested by companies that support block PTRS, we further evaluate different combinations of the block PTRS configuration, such as ICI estimation filter tap number, block number and sequence length for each block. To achieve a relatively fair comparison, we assume the total number of PTRS REs is the same for both legacy PTRS and block PTRS, i.e.128 PTRS REs. The number of PRB is 256 and 64QAM with MCS 22 is assumed.
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Figure 2.2-3 Comparison of block PTRS and legacy PTRS with different tap configuration
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Figure 2.2-4 Comparison of block PTRS and legacy PTRS with different block number

As illustrated in Figure 2.2-3 and 2.2-4, for 120kHz and 480kHz SCS with MCS 22, the performance of ICI compensation based on legacy PTRS is always better than block PTRS.
Observation 3: Block PTRS with cyclic sequence cannot provide performance gain compared with legacy PTRS.
· Block PTRS with power boosting
Power boosting for PTRS is introduced in Rel-15 to further improve the PN estimation accuracy. However, when ICI compensation is required to mitigate the severe phase noise impact in above 52.6GHz, some companies mentioned that power boosting may have limited benefit for legacy PTRS since the adjacent REs of PTRS are occupied by data. 
The formula for ICI estimation is shown in equation (1), and  is the subcarrier index of  PTRS,  is the received signal on subcarrier j,  is the ICI coefficient, and  is the transmitted signal at subcarrier . For distributed PTRS, only the middle column (with red color) in the left matrix are from PTRS with power boosting, and rest of the received signals are from data without power boosting[6]. The effect of power boosting for legacy PRTS to perform ICI estimation is quite limited.
                                    (1)

In the following, we provide the simulation results of block PTRS with 3dB power boosting to compare with legacy PTRS without power boosting.
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Figure 2.2-5 Performance of power boosting
As shown in Figure 2.2-5, for 120kHz and 480kHz SCS with 256 PRBs, the PTRS overhead is kept the same for different PTRS patterns(K=2), although power boosting can provide about 0.5dB gain for block PTRS in some scenarios, the performance of legacy PTRS without power boosting is still better than block PTRS.
It seems that the PN estimation accuracy has already been achieved by a long PTRS sequence, power boosting for PTRS may not further improve the performance. Besides, considering that the total power of data and reference signals should be kept unchanged, the overall performance with power boosting is doubtful.
Observation 4: Block PTRS with power boosting cannot achieve better performance than legacy PTRS. 
· DMRS pattern
In above 52.6GHz SI phase, some companies studied and evaluated DMRS enhancement in frequency domain, i.e. extend the DMRS in every RE in order to perform channel estimation properly. The reason to raise this thought is that, in 60GHz with larger subcarrier spacing (e.g.960kHz), Rel-15 DMRS density may not be sufficient to reflect the frequency selection characteristics. In this chapter, it is investigated and evaluated whether enhancement on Rel-15 DMRS is needed or not.
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Figure 2.2-6 Rel-15 DMRS Type 1 and new DMRS pattern
Considering 480kHz and 960kHz SCS, MCS 22, the performance of Rel-15 DMRS Type 1 and new DMRS pattern with low and high delay spread are shown in Figure 2.2-6. In order to get rid of the impact of phase noise in high frequency, it is assumed ideal PN estimation and compensation in the evaluation of DMRS patterns.
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(a) TDL-A 5ns  480kHz                                                     (b) TDL-A 20ns 480kHz
[image: 960K_5000][image: 960K_5000_20ns]
                    (c) TDL-A 5ns 960kHz                                                        (d) TDL-A 20ns 960kHz 

Figure 2.2-7 performance of Rel-15 DMRS Type 1 and new DMRS pattern
As illustrated in Figure 2.2-7, for 480kHz and 960kHz, new DMRS pattern with higher DMRS density and total power is slightly better (less than 0.5dB gain) than Rel-15 DMRS Type 1, both in low delay spread and high delay spread. However, when power boosting is performed based on legacy DMRS Type1 to achieve the same total power with new DMRS pattern, the performance of legacy DMRS pattern can have similar or better performance compared with new DMRS pattern. Considering the specification efforts, it seems to be more reasonable to reuse the Rel-15 DMRS pattern for 52.6~71GHz.
Observation 5: With the same total RS power, Rel-15 DMRS Type 1 pattern and the new DMRS pattern that fully occupied in frequency domain show comparable performance.

2.3  PUCCH 
· RB number
In RAN1#104-bis-e meeting, the maximum number of PRBs for PUCCH format 0/1/4 has not been determined completely. In order to obtain credible parameters to derive the maximum PRB number, RAN1 has sent an LS about the feasible maximum values of UE_EIRP and UE_P to RAN4.
The determination of PRB number allocated for PUCCH format 0/1/4 should take the power constraint, MIL and the waveform into consideration. Based on the agreement in RAN1#104-e meeting, the calculation of MIL is MIL = P_TX – P_N – Required SNR + TxBF + RxBF. It can be inferred from the formula that TxBF and RxBF can be fixed, the variables are P_TX, P_N and required SNR. P_N goes up in proportion to bandwidth, while the Required SNR is inversely proportional to bandwidth. Thus the increased noise power P_N may be compensated by the gains brought by the increased bandwidth. Therefore the MIL is mainly depending on the P_TX. 
In order to demonstrate the relations between the number of RB and P_TX, we take SCS equal to 120kHz as an example and provide the P_TX with different beamforming gain configuration in US, EU and Korea in Figure 2.3-1 and Figure 2.3-2.
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Figure 2.3-1. P_TX over different number of RBs in US, EU and Korea(with backoff=2dB)
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Figure 2.3-2. P_TX over different number of RBs in US, EU and Korea(without backoff)
Note: According to the agreements in RAN1 #104-e, P_TX = min(Pmax, UE_EIRP – TxBF, UE_P – Backoff).
In Figure 2.3-1, the backoff (CM of Alt-1 sequence) is taken into consideration, in Figure 2.3-2, the backoff is not included. It can be seen that, when the TxBF is counted in Korea, the P_TX is identical to that in US. In EU, due to the max PSD 23dBm/MHz, and the the bandwidth of one PRB with 120kHz SCS is more than 1MHz, the P_max in EU is more than 23dBm even with one PRB. With the current UE_EIRP and UE_P configuration, P_TX is depending on the UE_P, and is a constant in EU.
Observation 6: On the condition of UE_EIRP = 25 and UE_P = 21, P_TX (or MIL) has an upper bound. In US and Korea, P_TX is increased with the PRB number up to about 19 dBm or 21 dBm, and in EU, P_TX is nearly a constant independent of the bandwidth. 
Based on the analysis above, P_TX or MIL is subject to the UE_EIRP and UE_P. If UE_EIRP and UE_P are increased, P_TX or MIL can be increased accordingly. Increasing the UE_P to 25, UE_EIRP=40, the P_TX over the number of PRB is shown in the left part of Figure 2.3-3. In the right part of Figure 3, both of the UE_EIRP and UE_P are set to 40dBm.
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Figure 2.3-3. P_TX over different number of RBs in US,EU and Korea with higher UE_EIRP and UE_P
From Figure 2.3-3, we can see that the required number of PRBs can be increased by increasing the UE_EIRP and UE_P.
In Figure 2.3-4, we provide the MIL of different UE_EIRP and UE_P configuration in US, TxBF=0dB. In our simulation, Alt-1 sequence is selected, and the backoffs(CM) are according to the simulation results for different sequence length. 
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Figure 2.3-4. MIL with different UE_EIRP and UE_P 
Note: In Figure 2.3-4, the orange columns are for the parameters{UE_EIRP=25dBm,UE_P=21dBm} .And the gray columns are for the parameters of {UE_EIRP=40dBm,UE_P=25dBm}.
Observation 7: By increasing UE_EIRP and UE_P simultaneously, the upper bound of P_TX (or MIL) will be larger, the number of PRBs will be increased. Setting UE_EIRP = 40dBm, UE_P = 25dBm, TxBF = 0dB, the number of PRBs will be 28 , 7 and 4 for 120kHz/480kHz/960kHz SCS respectively. 
Till now, there is still no specific value for UE_EIRP and UE_P recommended in RAN 4’s reply. But as shown in Figure 3, the trend of P_TX reflects that MIL won’t always increase with the UE_EIRP and UE_P, and the number of PRB won’t either. Therefore, the upper boundary of the PRB number can be 32 or so.  
· RE mapping
As agreed in RAN1 #105-e, at least full-PRB mapping is supported for enhanced PF0/1 for both PUCCH resources before and after dedicated PUCCH resource configuration. The MIL of sub-PRB mapping for PF0 is provided, as shown in Figure 2.3-5. Although sub-PRB mapping is still FFS, considering the MIL performance and the spec effort to support 2 kinds of resource mapping, there is no need to further support sub-PRB mapping for PF0/1.
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Figure 2.3-5. MIL of full PRB mapping and sub-PRB mapping
For PUCCH format 4, some companies[8] proposed a scheme of full-PRB for UCI and sub-PRB for DMRS, so we further evaluate the performance of sub-PRB mapping to compare with full PRB mapping for PF4 DMRS. 
In the following, we provide evaluation results about the scheme of case 3 as mentioned in [8]. For DMRS sub-PRB mapping, a long sequence(Alt-1) is used, and the DMRS is mapped every other RE in the allocated PRBs. And in order to analyze the effect of power, the MIL performance w/ and w/o power boosting are both evaluated with the parameters for USA, EU, south korea(SK1 denotes UE outside 300m, and SK2 denotes UE inside 300m). In Figure 2.3-6, the power boosting is not considered for DMRS, and in Figure 2.3-7, 3dB power boosting is used. 
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Figure 2.3-6. MIL of PF4 with different UCI payload (w/o power boosting).
From Figure 2.3-6, it can be seen that, under the condition without power boosting, the MIL performance of full-PRB mapping is better than that of sub-PRB mapping for PF4 DMRS.
Observation 8: Without power boosting, the MIL performance of full-PRB mapping is better than that of sub-PRB mapping for PF4 DMRS.
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Figure 2.3-7. MIL of PF4 with different UCI payload 
It can be obviously seen in Figure 2.3-7, the MIL performance of full-PRB and sub-PRB with power boosting is similar.
Observation 9: With 3dB power boosting for sub-PRB DMRS mapping, the MIL performance of sub-PRB is similar to that of full-PRB.
· Sequence design for PF0/1
In RAN1#104-e, low PAPR sequence type1 was supported. And the following two alternatives are evaluated. 
· Alt-1: A single sequence of length equal to the total number of mapped REs of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Alt-2: A single sequence of length equal to the number of mapped REs per RB of the PUCCH resource is used, and the sequence is repeated in each RB. At least the following scheme is considered for PAPR/CM reduction:
· Cycling of cyclic shifts across RBs in a similar way as for Rel-16 for PF0/1 for the case that useInterlacePUCCH-PUSCH is configured
In RAN1#104-bis-e, the two alternatives are warmly discussed, but no agreements are reached. And the majority of companies recognized the difference of the CM between the two alternatives as shown in Figure 2.3-8.
In Figure 2.3-8, the CM values for the two alternatives are provided for PRB number from 1~40. And for SCS equal to 120kHz, the sequence is mapped in the all REs within each RB. We can see that the CM of Alt1 fluctuates in a small range of about 1dB for different PRB numbers. However, the CM value of Alt-2 fluctuates wildly, especially when the number of PRB is larger than 22, the CM value increases with the PRB number rapidly. In addition, for the PRB number 9~22, the CM of Alt2 is no larger than that of Alt1.
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Figure 2.3-8. CM comparison of the two alternatives
Observation 10: When PRB number is 9~22, Alt2 with a cyclic shift step of 5 for each PRB has lower CM than that of Alt1 (ZC sequence); when PRB number is smaller than 9 or larger than 22, Alt1 outperforms Alt2.
Based on the analysis above, considering the flexible range of PRB value for the sequence choice for PUCCH format 0/1, Alt1 has an advantage over Alt2.
We also compare the detection performance and MIL of the two alternatives. The detection performance is shown in Figure 2.3-9, and the MIL is shown in Figure 2.3-10.
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Figure 2.3-9. detection performance comparison of the two alternatives
In Figure 2.3-9, we can see the detection performance of the two types of sequences are almost the same.
Base on the LLS, we calculate the MIL of the two alternatives in US or Korea with 6dB TxBF.
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Figure 2.3-10. MIL for different SCS and delay spread of the two alternatives
From Figure 2.3-10, we can see for SCS equal to 480kHz and 960kHz,the MIL of Alt-2 is lower than that of Alt-1.This is because the number of PRB is 2~3, the CM of Alt-2 is far larger than that of Alt-1 in this range, which result in the smaller MIL.
Observation 11: For SCS 120kHz and 12 PRBs, the MIL of the two alternatives are similar, for SCS 480kHz with 3PRBs and 960kHz with 2 PRBs, the MIL of Alt-1 is larger than that of Alt-2.

3  System level simulation results

3.1  Cat 2 LBT
For Cat 2 LBT, we think that the following several cases may need to consider/use Cat2 LBT: 1) COT sharing case; 2) Resuming transmission/beam switching situation; 3) Type B multi-channel access procedure; 4) Rx-assisted LBT when COT is initiated by transmitter. But there is no consensus on which case(s) are necessary to consider using Cat2 LBT or whether Cat2 LBT should be precluded to introduce in NR above 52.6GHz. Based on this, we provide a performance comparison of No LBT, Cat2 directional LBT and Cat2 omni LBT for COT sharing case in order to evaluate and demonstrate whether Cat2 LBT needs to be precluded for NR above 52.6GHz as shown in Figure 3.1-1. 
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Figure 3.1-1.  DL UPT results for different channel access mechanism in high load case
[bookmark: _GoBack]We can observe from the above DL simulation result in Figure 3.1-1 that the performance of the Cat 2 directional LBT is better than the performance of no LBT for high load case. Besides, Such results also reflect to some extent that Cat2 LBT should not be excluded in NR 52.6GHz and at least should be introduced in COT sharing case.  
Observation 12: Cat 2 LBT shows better performance than no LBT at least in COT sharing case.
Conclusion
In this contribution, we provide link level simulation results on PDSCH, PUSCH and PUCCH, as well as system level simulation results on channel access mechanism such as Cat2 LBT. Based on these results, the following observations are made:
· PUSCH/PDSCH
Observation 1: Increasing PTRS groups for DFT-s-OFDM waveform can bring benefit to performance of 120kHz SCS and MCS 22.
Observation 2: When PRB number is not larger than 32, CPE compensation with lower PTRS density can achieve similar or better performance than ICI compensation with higher PTRS density.
Observation 3: Block PTRS with cyclic sequence cannot provide performance gain compared with legacy PTRS.
Observation 4: Block PTRS with power boosting cannot achieve better performance than legacy PTRS. 
Observation 5: With the same total RS power, Rel-15 DMRS Type 1 pattern and the new DMRS pattern that fully occupied in frequency domain show comparable performance.
· PUCCH
Observation 6: On the condition of UE_EIRP = 25 and UE_P = 21, P_TX (or MIL) has an upper bound. In US and Korea, P_TX is increased with the PRB number up to about 19 dBm or 21 dBm, and in EU, P_TX is nearly a constant independent of the bandwidth. 
Observation 7: By increasing UE_EIRP and UE_P simultaneously, the upper bound of P_TX (or MIL) will be larger, the number of PRBs will be increased. Setting UE_EIRP = 40dBm, UE_P = 25dBm, TxBF = 0dB, the number of PRBs will be 28 , 7 and 4 for 120kHz/480kHz/960kHz SCS respectively. 
Observation 8: Without power boosting, the MIL performance of full-PRB mapping is better than that of sub-PRB mapping for PF4 DMRS.
Observation 9: With 3dB power boosting for sub-PRB DMRS mapping, the MIL performance of sub-PRB is similar to that of full-PRB.
Observation 10: When PRB number is 9~22, Alt2 with a cyclic shift step of 5 for each PRB has lower CM than that of Alt1 (ZC sequence); when PRB number is smaller than 9 or larger than 22, Alt1 outperforms Alt2.
Observation 11: For SCS 120kHz and 12 PRBs, the MIL of the two alternatives are similar, for SCS 480kHz with 3PRBs and 960kHz with 2 PRBs, the MIL of Alt-1 is larger than that of Alt-2.
· Channel access
Observation 12: Cat 2 LBT shows better performance than no LBT at least in COT sharing case.
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Appendix
A1. Simulation assumption on PUSCH/PDSCH
Table A1-1 Link level simulation assumption
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Waveform
	CP-OFDM/DFT-s-OFDM

	Allocated PRB number
	256 if not specified

	Subcarrier spacing
	120kHz/480kHz

	MCS
	MCS 22

	CP type
	Normal CP

	Channel Model
	TDL-A 5ns/10ns/20ns

	PN model
	3GPP TR38.803 example 2

	DMRS Configuration
	2 DMRS symbols per slot at (2,11)

	PTRS Configuration
	(K = 2, L = 1) if not specified

	SLIV
	(S=2, L=14)

	Channel Estimation
	Realistic

	PN Estimation
	Realistic

	PN compensation
	CPE & ICI

	UE receiver
	MMSE-IRC

	BS antenna Array configuration
	2

	UE antenna Array configuration
	2




A2. Simulation assumption on PUCCH
Table A2-1: Simplified Evaluation Assumptions
	Assumptions
	Value

	Carrier Frequency [GHz]
	60 GHz

	Subcarrier Spacing [kHz]
	120, 480, 960 kHz

	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)
 
Note: If other values used, companies to report values

	PUCCH Frequency Hopping
	On

	PUCCH Frequency Domain Resource Mapping
	N_RB = 5 for SCS 960kHz contiguous RBs per hop (with all REs allocated per PRB)
N_RB = 9 for SCS 4800kHz contiguous RBs per hop (with all REs allocated per PRB)
For PUCCH format 0/1,N_RB =12for SCS 120kHz contiguous RBs per hop (with all REs allocated per PRB),and ,N_RB =32 for PUCCH format 4.
Note: If alternative RE allocation per PRB is used, companies to report details

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

	CP Type
	Normal CP

	Channel Model
	TDL-A model as defined in of TR38.901 Section 7.7.2:
- Delay spread (DS) = {5ns, 10ns, 20ns} 
- Optional: DS = 40ns

	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 A2-2: Reporting metrics
	Parameter
	Value
	Notes

	PUCCH Format
	
	PF0, PF1, PF4

	Subcarrier spacing, SCS [kHz]
	
	SCS = {120, 480, 960} kHz

	Frequency hopping details
	
	Frequency offset between hops,

	Number of RBs used per hop (N_RB)
	
	N_RB contiguous RBs per hop

	PUCCH bandwidth per hop, BW [MHz]
	
	BW = N_RB * 12 * SCS / 1e6

	Number of OFDM symbols used for PUCCH resource
	
	1 for PF0
4 for PF4

	Sequence construction details
	
	Sequence type for PF0/1
Sequence type for DMRS of PF4

	OCC configuration details
	
	Applicable for PF1, PF4


	Cyclic shift configuration details
	
	For PF0/1
For DMRS of PF4

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

Note: Companies to report if other cases if evaluated

	PUCCH payload encoder type
	
	Reed Muller or Polar for PF4

	PUCCH payload size(s) (bits)
	
	If multiple payload sizes evaluated, then maximum isotropic loss (see calculation below) to be reported for each PUCCH payload size

	PUCCH encoding rate(s)
	
	Applicable for PF4
If multiple payload sizes evaluated, encoding rates to be reported for each payload size

	Required SNR (dB)
	
	Required SNR needed to fulfil detection criterion, from link level simulations based on Table 1 (see Notes (1) and (2) at bottom of table for definition of detection criteria for PF 0/1/4).

	Cubic Metric, CM (dB)
	
	Reported value is the 95th percentile, i.e., the CM for which 95% of all sequences of the design fall below

	UE Tx Beamforming gain (dBi)
	
	TxBF = 6 dBi

Notes:
(1) TxBF includes antenna element gain
(2) If other TxBF value(s) used, companies to report value(s)

	BS Rx Beamforming gain (dBi)
	
	RxBF = 20 dBi

Notes:
(1) RxBF includes antenna element gain
(2) If other RxBF value(s) used, companies to report value(s)

	UE Power Limitations
	
	Maximum EIRP:
UE_EIRP = 25 dBm

Maximum conduced power (prior to consideration of backoff):
UE_P = 21 dBm
 
Optional:
- UE_EIRP = 40dBm
- UE_P = 21 dBm

Note: Companies to report if other cases evaluated

	Pmax (dBm)
	
	Maximum allowed conducted power considering combined limit per region (from Table 3).

Note:Companies should report if Pmax is considered per region or a combined limit is considered across multiple regions

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

Note: If cubic metric is not used, information on the backoff metric used should be provided.

	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

Note: BW is the PUCCH bandwidth per hop in MHz

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

	[bookmark: _Hlk5184979]Definition of detection criteria for PF0/1/4:

[bookmark: _Hlk5108029](1) For PF0/1 (payload of 1 or 2 bits) the detection criterion assumes that the PUCCH payload consists of randomly drawn HARQ ACK/NACK bits and the criterion is defined as the SNR for which P(ACK to Error) ≤ 1% AND P(NACK to ACK) ≤ 0.1%. Error is defined as NACK or DTX where the decision region for DTX is determined to ensure that the maximum P(DTX to ACK) ≤ 1% for the case when the input to the receiver is noise only.

(2) For PF4 (payload greater than 2 bits): the detection criterion is the UCI block error probability BLER ≤ 1% (as in TS38.104 Section 8.3.6)



Table A2-3: Regulatory Power Limits by Region
	Region
	Maximum Conducted Power, Pmax (dBm)

	US
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm - TxBF

Conducted power limit as a function of PUCCH BW per hop:
     Pmax_P = 27 dBm – max(0, 10*log10(100 / BW))

Combined limit:
     Pmax = min(Pmax_P, Pmax_EIRP)

	Europe
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 40 dBm – TxBF

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 23 dBm/MHz + max(0, 10*log10(BW)) - TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	South Korea
	Conducted power limit due to EIRP limit:
     Pmax_EIRP = 43 dBm – TxBF   when an equipment is >=300m from an astronomical antenna
     Pmax_EIRP = 27 dBm – TxBF   when an equipment is <300m from an astronomical antenna

Conducted power limit due to PSD limit (assumes N_RB contiguous RBs with all REs allocated per PRB):
     Pmax_PSD = 13 dBm/MHz + max(0, 10*log10(BW)) - TxBF

Combined limit:
     Pmax = min(Pmax_PSD, Pmax_EIRP)

	Other regions
	…

	Note: BW is the PUCCH bandwidth per hop in MHz





A3. System level simulation assumption
Table A3-1. Evaluation assumptions in SLS
	Parameters
	Assumptions

	Layout
	24 BSs are deployed in 120m * 50m box.
2 operators deploy 2 BSs randomly in each 10m * 10m box.
[image: ]
 The minimum distance between BS of different operators is 2 m

	UE distribution
	100% Indoor
5 users per BS, 120 UEs are randomly dropped in 120m * 50m box and each UE is associated to one operator first and then connected to the nearest gNB belonging to that operator.

	UE mobility
	3 km/hr

	Carrier frequency
	60 GHz

	Carrier bandwidth
	2000 MHz per CC

	SCS
	960 kHz

	Channel model
	The channel model for UE-to-UE links：InH open office: InH – office channel model with LOS probability for indoor - mixed office from TR38.901
The channel model for gNB-to-UE and gNB-gNB links：InH open office: InH – office channel model with LOS probability for indoor - open office from TR38.901

	Max. allowed BS Tx power
	40 dBm EIRP


	Max. allowed UE Tx Power
	25 dBm EIRP

	BS Antenna gain
	5 dBi

	UE Antenna gain
	5 dBi

	BS antenna height
	3 m
	

	BS receiver noise figure
	7 dB
	


	UE receiver noise figure
	10 dB
	


	BS antenna array configuration
	(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH)

	UE antenna array configuration
	(Mg,Ng,M,N,P) = (1,2,2,2,2)with (0.5 dv, 0.5 dH)

	Traffic model
	FTP3 with packet size of 27Mbyte.

	UE receiver
	MMSE-IRC as the baseline receiver

	Overhead
	PDCCH Overhead:2 symbol per slot
DMRS Overhead:1 symbol per slot

	Channel estimation
	real

	Traffic type
	DL only

	Metric
	UPT Statistics, latency, BO, RU

	LBT mode
	CAT2 LBT

	LBT duration
	13us

	CCA threshold
	-68dBm

	Traffic load
	High load
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
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