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1 [bookmark: _Toc46307403][bookmark: _GoBack] Introduction
At the RAN #90 meeting, a new WID on extending current NR operation to 71 GHz [1] was approved. And in the WID, the following objectives may need further evaluation. 
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.
·  Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
2  Link level simulation results
2.1 [bookmark: _Toc53775906] PTRS 
In above 52.6 GHz SI phase, it has been discussed that for high modulation order(64QAM) and lower subcarrier spacing(e.g. 120kHz, 480kHz), ICI compensation method, which is probably more complex and efficient compared with CPE compensation, could be utilized to mitigate the phase noise. 

There are 2 kinds of ICI compensation approach with  taps introduced in SI phase:
1) 
Direct De-ICI approach: This approach could be performed with Rel-15 legacy PTRS pattern, the ICI estimation equations are formulated by the distributed PTRS REs and the adjacent data REs, then the received signals will be directly filtered by the estimated filter coefficients.
2) 
ICI filter approximation approach: This approach relies on the consecutive PTRS structure of block PTRS, each  PTRS REs can be circularly used to formulate one ICI estimation equation, then the received signals will be filtered by the conjugate inverse of the estimated filter coefficients.
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(a) Rel-15 legacy PTRS        (b)Block PTRS          (c)Hybrid PTRS
Figure 2.1-1. Different PTRS patterns
As shown in Figure 2.1-1, (a) is the Rel-15 legacy PTRS pattern, there will be one PTRS RE for each 2 RBs if frequency density K=2; (b) is block PTRS, the total number of PTRS REs is the same as the legacy distributed PTRS pattern, and these PTRS REs are consecutively placed in frequency domain; (c) is the hybrid PTRS, which combines the features of legacy PTRS and block PTRS, multiple blocks are distributed uniformly in frequency domain.

For block PTRS, the PTRS REs are concentrated in a small part of the whole bandwidth, therefore the frequency diversity couldn’t be reflected well. For hybrid PTRS, each block requires at least  consecutive PTRS REs to formulate enough equations for ICI estimation, it might be difficult to balance the ICI estimation accuracy and the frequency diversity for each PTRS density configuration. 
In order to study whether PTRS enhancement is beneficial, evaluations are performed with the legacy PTRS, block PTRS and hybrid PTRS. To keep the comparison in a relatively fair condition, it is assumed that for each PTRS pattern, 3-tap ICI compensation method are used, the total PTRS RE number is the same as Rel-15 legacy PTRS with (K=2, L=1). 
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Figure 2.1-2 Performance of different PTRS patterns
As illustrated in Figure 2.1-2, for 120kHz TDL-A 5ns with 64QAM modulation,
1) ICI compensation can achieve 10% BLER while CPE compensation can not.
2) ICI compensation based on legacy PTRS, block PTRS and hybrid PTRS shows similar performance. 
And for 480kHz TDL-A 5ns with 64QAM modulation, 
1) The performance of ICI compensation based on block PTRS is similar as CPE compensation.
2) The performance of ICI compensation based on hybrid PTRS and legacy PTRS are similar, both provide about 1dB gain @10% BLER and more than 2dB gain @1% BLER compared with CPE compensation.
Observation 1: ICI compensation based on legacy PTRS can achieve similar or better performance compared with ICI compensation based on block PTRS and hybrid PTRS.
To investigate the complexity of each ICI compensation approach based on different PTRS patterns, the following main formulas in [4] are analyzed:
Direct De-ICI approach:               

                                                                                              (1)
ICI filter approximation approach:

                                                                                                    (2)


Where and  are respectively ICI filter taps of Direct De-ICI approach and ICI filter approximation approach, it can be seen that the calculation procedures are similar for the 2 approaches, the factors impact the complexity would be the dimension of the matrices.











Assume the number of PTRS REs is M, then for legacy PTRS with Direct De-ICI approach, is a  matrix,  is a  matrix, so ; for block PTRS with  ICI filter approximation approach, is a matrix, is a  matrix, there is also one matrix inverse calculation of dimension ; for hybrid PTRS with N blocks, X is a  matrix, r is a  matrix.


It can be seen from the analysis above, there is one matrix inverse calculation of dimension  for these three kinds of PTRS patterns, the matrix inverse complexity of the 3 patterns is the same. The number of complex multiplication and complex addition is slightly larger for legacy PTRS with Direct De-ICI approach[5], for example, for 400MHz bandwidth 120kHz SCS, assume K=2 , the complexity comparison of legacy PTRS, block PTRS and hybrid PTRS can be shown as:
Table 2.1-1. Complexity comparison of legacy PTRS, block PTRS and hybrid PTRS
	
	Complex multiplication
	Complex addition
	Matrix inverse

	Legacy PTRS
	12032
	8436
	1

	Block PTRS
	11990
	8400
	1

	Hybrid PTRS
	11856
	8292
	1



Observation 2: The calculation complexity of ICI compensation based on legacy PTRS, block PTRS and hybrid PTRS is similar.

2.2 [bookmark: _Toc53775907] DMRS 
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 2.2-1 Rel-15 DMRS Type 1 and new DMRS pattern
Consider 400MHz bandwidth with 480kHz and 960kHz SCS, 64QAM modulation order, the performance of Rel-15 DMRS Type 1 and new DMRS pattern with low and high delay spread are shown in Figure 2.2-4. 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: ][image: ]
                    (c) TDL-A 5ns 960kHz                                                        (d) TDL-A 20ns 960kHz 

Figure 2.2-4 performance of Rel-15 DMRS Type 1 and new DMRS pattern
As illustrated in Figure 2.2-4, for 480kHz and 960kHz, new DMRS pattern with higher DMRS density is slightly better(less than 1dB gain) than Rel-15 DMRS Type 1, both in low delay spread and high delay spread, so there is no need to further enhance DMRS patterns.
Observation 3: Rel-15 DMRS Type 1 and the new DMRS pattern that fully occupied in frequency domain show comparable performance.
2.3  PUCCH 
· CM calculation
In order to minimize the spec impact, it is better to reuse the current design. So we firstly calculate the CM of sequence using the Rel-15 CGS of length 12 with X times repetition directly. And the CCDF of CM is shown in Figure 2.3-1.
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Figure 2.3-1 CM of direct-CGS repetition with different length
As shown in Figure 2.3-1, the CM value increases rapidly with the PRB number. And the CM at 95th percentile is about 3.6 dB even for 2 PRBs. It’s obvious that direct-CGS repetition sequence is not appropriate due to the high CM values for multiple PRBs, therefore this sequence is not considered in the analysis in this section..
Next in this section, the CM of ZC sequence and CGS extended sequence with different sequence length in granularity of PRBs are calculated and analyzed.
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Figure 2.3-2 CM of CGS and ZC for sequences with different length 
In Figure 2.3-2, the legend of “CGS extended,RBX” means the sequence is CGS extended sequence , and the cyclic shift increased by a step of 5 from the first PRB to the last PRB, the legend of “ZC,RBX” denotes ZC sequence of low PAPR sequence generation in 38.211. The “RBX” in each legends is the number of PRB.
The CM at 95th percentile is listed in Table 2.3-1.
Table 2.3-1  CM values at 95th percentile of different number of PRBs for CGS and ZC sequence
	# RB
	2
	4
	6
	8
	10
	12
	14
	16
	20
	24
	28
	32
	36
	40

	CGS
	2.88
	3.79
	3.2
	2.38
	1.846
	1.49
	0.99
	1.50
	2.10
	2.34
	3.05
	3.63
	3.96
	4.57

	ZC
	2.01
	2.16
	2.24
	1.58
	1.85
	2.07
	2.30
	2.30
	2.30
	2.19
	2.25
	2.37
	2.27
	2.30


Note: In Table 2.3-1, “CGS” denotes CGS extended. 
From Figure 2.3-2 and Table 2.3-1, it can be seen that, for PRB number 10~20, the 95th percentile CM of “CGS extended” with the solid curve is lower than that of “ZC” with the dash curve. When the number of PRB larger than 20, the 95th percentile CM of CGS extended is increased with the number of PRB, while the CM of ZC sequence is stable.
Observation 4: The CGS extended sequence has lower CM than ZC sequence when the PRB number is 10~20, while the performance gets worse for other numbers of PRBs.
Observation 5: The CM of ZC sequence is always kept under 2.5dB with different PRB number.
· Detection performance
The detection performance is shown in Figure 2.3-3, and the FAR is kept under 1%. The key simulation parameters are listed in Table 2.3-2.
Table 2.3-2 LLS simulation parameters
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Sub-carrier spacing
	120kHz

	Channel Model
	TDL-C 100ns

	 Antenna configuration
	1T2R

	UE speed
	3km/h



In 52.6GHz~71GHz frequency band, phase noise is also a factor different from low frequency band. PUCCH is sequence or QPSK modulated symbols, which are not sensitive to phase noise. Therefore phase noise is not considered in this simulation.
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Figure 2.3-3 PMD and error rate for different case
The legend “direct-CGS repetition,RBX” denotes repeating the rel-15 CGS with length 12 directly X times, here X is the number of PRB.
From Figure 2.3-3, we can see that the detection performance is similar for different cases under the same sequence length. The longer sequence length, the lower value of the PMD (P(ACK to DTX))and the error rate(P(NACK to ACK)).
Observation 6: The detection performance is proportional to the sequence length while independent of sequence types.
· Coverage analysis
Based on the detection performance, the MCL calculation is provided in the following table. 
Table 2.3-3. Reported metrics for enhanced PUCCH format 0 and 1 performance evaluation(1 bit HARQ ACK detection)
	Number of PRB
	1
	10
	20

	SCS [kHz]
	120
	120
	120

	Bandwidth [MHz]
	1.44
	14.4
	28.8

	Noise level, Np (dBm) 
	-102.4
	-92.4
	-89.4

	Required SNR [dB](Measured for 1% missed detection with 1% false alarm)
	6.47
	-5.2
	-8.2

	Max Tx power (according to regulations) [dBm](max PSD=13dBm/Hz)
	8.6
	18.6
	21.6

	Max Tx power (according to regulations) [dBm](max PSD=23dBm/Hz)
	24.6
	34.6
	37.6

	Maximum coupling loss (MCL) [dB](max PSD=13dBm/Hz)
	104.5
	116.2
	119.2

	Maximum coupling loss (MCL) [dB](max PSD=23dBm/Hz)
	120.5
	132.2
	135.2


 
The MCL calculation is relative to the required SNR under the same Tx power and noise level assumption, since the detection performance of different sequence types with the same sequence length is similar, MCL is also independent of sequence types. Therefore, in Table 3, the parameters and values are collected from ZC sequence. It is illustrated that with the increasing number of PRBs, the MCL value is also increasing. 
Observation 7: The coverage becomes better with sequence length increasing while independent of sequence types.

3  System level simulation results
3.1 Deployment scenarios
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Figure 3.1-1 Indoor scenario A
In this section, the simulation is performed to study channelization schemes. The evaluation scenario is Indoor scenario A as shown in Figure 3.1-1. There are two operators in the scenario (operator A and operator B), no LBT is used in both operators for the DL only case.
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Operator A
Operator B
 
Channel A (2GHz)
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Operator A
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Operator A
Operator B
 
Channel A (2GHz)
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(c) Channelization misaligned
(b)  Channelization aligned 
(a) Normal case


Figure 3.1-2 Normal, aligned and misaligned cases for two operators
The channel of normal case is shown in Figure 3.1-2(a), two operators have the same channel bandwidth 2GHz, and the channels are aligned with each other;. In Figure 3.1-2(b), both operators use aligned 2GHz channel bandwidth while Channel B are divided into four 500MHz sub-channels, the UEs of operator B are also divided into four groups, each group can be scheduled in one sub-channel. In Figure 2.1-2 (c), Operator B uses three 800MHz channels misaligned with 2GHz channel used by Operator A, the UEs of operator B are divided into three groups, each group can be scheduled in one sub-channel. 
For further comparison, we change transmit power in different misaligned case. 
1. Misaligned Case A: Operator A and B share the same power per channel.
2. Misaligned Case B: Operator A and B share the same PSD.

3.2 Channelization simulation
In this section, the simulation is performed to study the influence of the NR channelization aligned or misaligned with 802.11ad channelization in 60 GHz frequency.
Figure 3.2-1 compares the throughput of Operator A in downlink at both low load and medium load. Operator A in aligned case is represented by the red bar and the blue bar and Operator A in misaligned case is represented by the yellow bar and the purple bar. 
[image: 2]
Figure 3.2-1 DL mean user throughput
It can be shown that, in terms of user throughput with different traffic loads, 
· The performance of Operator A in misaligned cases is comparable to the aligned cases.
· Misaligned Case A shows similar performance with misaligned Case B.
Furthermore, as mentioned in section 3.1, for misaligned Case A, each 800MHz channel of Operator B shares the same power with Operator A, which means that the total power of Operator B is 3 times total power of Operator A. Although Operator A faces the worst situation in misaligned Case A, there is no performance degradation compared with normal case.
Observation 8: Aligned and misaligned channelization show similar performance in coexistence scenario.
[bookmark: _Toc53776183]Proposal 1: It is not necessary to align NR channelization with IEEE 802.11ad channelization from coexistence perspective.

Conclusion
Observation 1: ICI compensation based on legacy PTRS can achieve similar or better performance compared with ICI compensation based on block PTRS and hybrid PTRS.
Observation 2: The calculation complexity of ICI compensation based on legacy PTRS, block PTRS and hybrid PTRS is similar.
Observation 3: Rel-15 DMRS Type 1 and the new DMRS pattern that fully occupied in frequency domain show comparable performance.
Observation 4: The CGS extended sequence has lower CM than ZC sequence when the PRB number is 10~20, while the performance gets worse for other numbers of PRBs.
Observation 5: The CM of ZC sequence is always kept under 2.5dB with different PRB number.
Observation 6: The detection performance is proportional to the sequence length while independent of sequence types.
Observation 7: The coverage becomes better with sequence length increasing while independent of sequence types.
Observation 8: Aligned and misaligned channelization show similar performance in coexistence scenario.
Proposal 1: It is not necessary to align NR channelization with IEEE 802.11ad channelization from coexistence perspective.
.
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Appendix
A1. Link level simulation assumptions
Table A1-1 Link level simulation assumption
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Waveform
	CP-OFDM

	System Bandwidth
	400MHz

	Subcarrier spacing
	120kHz/480kHz/960kHz

	CP type
	Normal CP

	Channel Model
	TDL-A 5ns

	PN model
	3GPP TR38.803 example 2

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

	PTRS Configuration
	(K = 2, L = 1)

	SLIV
	(S=0, 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. System level simulation assumptions
Table A2-1 SLS simulation assumption
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Channel Bandwidth
	2GHz/500M/800M

	Subcarrier spacing
	960kHz

	Scenario
	Indoor A 

	LBT schemes
	NoLBT

	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
	5dBi

	UE Antenna gain
	5dBi

	BS Noise Figure
	7dB

	UE Receiver Noise Figure
	10dB

	UE receiver
	MMSE-IRC

	BS antenna Array configuration
	 (M, N, P, Mg, Ng) = (4, 8, 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 

	Traffic model
	FTP Model 3 (27Mbyte file)



A3. System level simulation results
Table A3-1  performance of aligned cases with low traffic load
	Simulator Case
	2G & 2G
	 2G & 4*500M

	Operator
Metrics              
	Operator A
	Operator B
	Operator A
	Operator B

	DL UPT (Mbps)
	5%ile
	3792.6211 
	2644.4617  
	4167.1111 
	1207.5562

	
	50%ile
	13847.2783  
	12334.5322  
	14256.0244 
	6883.7781

	
	95%ile
	20711.5645  
	19690.7852 
	21600.0000 
	13213.9731

	
	mean
	13063.9492
	12585.8379 
	12919.0938 
	6474.5538

	DL delay (s)
	5%ile
	0.010 
	0.010
	0.010
	0.036

	
	50%ile
	0.017
	0.017
	0.017
	0.077

	
	95%ile
	0.072
	0.086
	0.069
	0.821

	
	mean
	0.025
	0.029
	0.025
	0.179

	Arrival rate (files/s)
	2

	BO
	23.295
	28.051
	19.703 
	71.944  

	




Table A3-2  performance of aligned cases with medium traffic load

	Simulator Case
	2G & 2G
	 2G & 4*500M

	Operator
Metrics              
	Operator A
	Operator B
	Operator A
	Operator B

	DL UPT (Mbps)
	5%ile
	659.2416  
	493.5231 
	1517.9063
	730.4522

	
	50%ile
	8828.8125  
	9626.2949 
	9725.1035 
	3426.3316

	
	95%ile
	19264.3535 
	18512.9844 
	19322.4707
	6470.0743

	
	mean
	10142.6377
	10208.5811 
	10950.2646 
	3213.3989

	DL delay (s)
	5%ile
	0.010 
	0.010
	0.010
	0.038

	
	50%ile
	0.023
	0.023
	0.020
	0.113

	
	95%ile
	0.400
	0.386
	0.203
	0.456

	
	mean
	0.145
	0.110
	0.087
	0.224

	Arrival rate (files/s)
	4

	BO
	54.048
	55.161  
	42.425 
	91.496  




Table A3-3  performance of misaligned case A with low traffic load
	Simulator Case
	2G & 2G
	 2G & 3*800M

	Operator
Metrics              
	Operator A
	Operator B
	Operator A
	Operator B

	DL UPT (Mbps)
	5%ile
	3792.6211 
	2644.4617  
	3734.2539 
	1221.7268

	
	50%ile
	13847.2783  
	12334.5322  
	13770.3828 
	5215.4150  

	
	95%ile
	20711.5645  
	19690.7852 
	20861.8145  
	12570.0743

	
	mean
	13063.9492
	12585.8379 
	13088.0127  
	8462.4682

	DL delay (s)
	5%ile
	0.010 
	0.010
	0.010
	0.017

	
	50%ile
	0.017
	0.017
	0.017
	0.035

	
	95%ile
	0.072
	0.086
	0.068
	0.259

	
	mean
	0.025
	0.029
	 0.025 
	0.078

	Arrival rate (files/s)
	2

	BO
	23.295
	28.051
	19.992  
	51.748  



Table A3-4  performance of misaligned case A with medium traffic load
	Simulator Case
	2G & 2G
	 2G & 3*800M

	Operator
Metrics              
	Operator A
	Operator B
	Operator A
	Operator B

	DL UPT (Mbps)
	5%ile
	659.2416  
	493.5231 
	1856.9265 
	512.9541

	
	50%ile
	8828.8125  
	9626.2949 
	11077.0381
	4861.8345

	
	95%ile
	19264.3535 
	18512.9844 
	19340.3203 
	8215.4150 

	
	mean
	10142.6377
	10208.5811 
	11114.6162
	4867.4146

	DL delay (s)
	5%ile
	0.010 
	0.010
	0.010
	0.023 

	
	50%ile
	0.023
	0.023
	0.023
	0.045

	
	95%ile
	0.400
	0.386
	0.105
	0.459

	
	mean
	0.145
	0.110
	0.078
	0.248

	Arrival rate (files/s)
	4

	BO
	54.048
	55.161  
	44.776
	81.097



Table A3-5  performance of misaligned case B with low traffic load

	Simulator Case
	2G & 2G
	 2G & 3*800M

	Operator
Metrics              
	Operator A
	Operator B
	Operator A
	Operator B

	DL UPT (Mbps)
	5%ile
	3792.6211 
	2644.4617  
	3895.7388 
	2237.5161

	
	50%ile
	13847.2783  
	12334.5322  
	14372.4570
	6231.8662 

	
	95%ile
	20711.5645  
	19690.7852 
	21600.0000 
	10942.1143

	
	mean
	13063.9492
	12585.8379 
	14694.7334
	6364.8594

	DL delay (s)
	5%ile
	0.010 
	0.010
	0.010
	0.013

	
	50%ile
	0.017
	0.017
	0.017
	0.030 

	
	95%ile
	0.072
	0.086
	0.068
	0.156

	
	mean
	0.025
	0.029
	0.025
	0.067

	Arrival rate (files/s)
	2

	BO
	23.295
	28.051
	19.503
	40.248 



Table A3-6  performance of misaligned case B with medium traffic load

	Simulator Case
	2G & 2G
	 2G & 3*800M

	Operator
Metrics              
	Operator A
	Operator B
	Operator A
	Operator B

	DL UPT (Mbps)
	5%ile
	659.2416  
	493.5231 
	1847.8125
	524.7386

	
	50%ile
	8828.8125  
	9626.2949 
	11761.2568
	4880.9580 

	
	95%ile
	19264.3535 
	18512.9844 
	20255.3008 
	8218.1729 

	
	mean
	10142.6377
	10208.5811 
	12096.4443 
	4926.6572 

	DL delay (s)
	5%ile
	0.010 
	0.010
	0.010
	0.023 

	
	50%ile
	0.023
	0.023
	0.020
	0.044

	
	95%ile
	0.400
	0.386
	0.102
	0.445

	
	mean
	0.145
	0.110
	0.078
	0.248

	Arrival rate (files/s)
	4

	BO
	54.048
	55.161  
	41.796  
	71.403
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