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Background
In last meeting, RAN 4 left many open issues for FR2-2. In this paper, we provide our views on general issues.
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Test scenario 
In last meeting, RAN4 agreed to define FR2-2 PDSCH requirements with following general assumptions:
	Issue 1-4-1: General Assumptions
· Define the UE demodulation and CSI reporting requirements with (Ericsson):
· Number of receive antennas: 2Rx
· Modulation order: Up to 64QAM
· Both single carrier (FR2-2) and NR-DC FR1 + FR2-2 scenarios


Based on output from [4], RF part defined FR1+FR2-2 CA scenarios with CA_n41-n263, CA_n77-n263 and CA_n79-n263 but not defined FR1+FR2-2 DC scenarios. Demodulation requirements should be defined based on the scenarios defined from RF part. Therefore, we suggest to consider CA scenario instead of DC scenario. Meanwhile, initial access in FR2-2 band (cell) is optional feature according to RAN1’s feature list.
Observation 1: RF part only defined CA scenarios with CA_n41-n263, CA_n77-n263 and CA_n79-n263 but not defined DC scenarios for FR1+FR2-2 
Proposal 1: RAN4 to consider following scenarios for FR2-2 requirements definition:
· Single carrier (Optional feature)
· FR1+FR2-2 CA scenarios (Mandatory feature)

Phase noise compensation
Phase noise compensation
One issue is whether to consider ICI compensation for receiver assumption. Based on our simulation results in [4], ICI compensation only bring performance gain in following assumptions:
· Large RB allocation: 264 for 120kHz/400MHz and 480kHz/1600MHz

· High SNR (Larger than MCS22)

Hence, we only simulate ICI compensation for MCS20 and MCS22 with 120kHz/400MHz for PDSCH. In these cases, we compare the performance with CPE compensation only and CPE+ICI compensation with u=1, 2 and 3 where u is ICI de-filter tap number. We can observe that for MCS20,  CPE+ICI compensation has the same performance as CPE compensation only. For MCS22, ICI with u=3 has 0.2dB performance gain compared to CPE compensation only. Therefore, we can conclude that ICI compensation doesn’t bring obvious performance gain in such MCS and phase noise modelled only in RX side.

For PUSCH, we simulate ICI compensation performance for 120kHz SCS/400MHz CBW with MCS20. According to our simulation results, ICI compensation doesn’t bring performance gain compared to CPE compensation when PN is modelled in RX side.
We have following observations: 
Observation 2: From point of performance gain, ICI compensation doesn’t bring performance gain compared to CPE compensation for PDSCH/PUSCH when PN is modelled in RX side for MCS20 and MCS22 with 120 kHz SCS/400MHz CBW. Furthermore, ICI compensation is only applicable for corner conditions: High SNR (larger than 20dB), Large PTRS samples.
Typical ICI compensation algorithm is least square method, which brings much matrix operation complexity. 
Observation 3: From point of complexity, typical ICI compensation algorithm brings much matrix operation complexity.
From point of testability, ICI compensation only works well on high SNR (Large than 20dB), which can’t be verified considering limited maximum testable SNRBB.
Observation 4: From point of testability, ICI compensation only works well on high SNR (Large than 20dB), which can’t be verified considering limited maximum testable SNRBB.
Proposal 2:  Not consider ICI compensation for FR2-2 performance requirements definition.

SCS selection
In last meeting, some companies insist on defining performance requirements for 960 kHz SCS, we list the options as following:
	· Option 1: Define the requirements
· Option 2: Do not define the requirements



We don’t support define any case with 960 kHz SCS because of following reasons: 
· The maximum testable SNR for 960 kHz SCS is quite low (Refer to Table 2-1) which means most cases with 960 kHz SCS are untestable. 

· 960kHz SCS need too many consecutive DL slots which bring much complexity of  scheduling pattern and HARQ feedback pattern because of HARQ processes number limitation.

Proposal 3:  Not consider 960kHz for FR2-2 demodulation requirements definition

Simplified channel model
The accuracy of simplified TDL channel model depends on channel resolution and number of taps. Based on the feedback of TE vender in last meeting. We have following information for channel resolution:
	Issue 1-3-2: How to consider the minimum tap resolution for TDL channel model?
Invite TE vendors to confirm the minimum tap resolution for TDL channel model they could deliver.
· Proposal 1: 2ns delay resolution
· Proposal 2: 2.5ns delay resolution
· Proposal 3: TBA



As for number of taps, we propose consider 12 which has been used for legacy simplified TDL channel generation. The corresponding simplification steps have been specified in clause B.2.1 which has been considered as procedure for new channel model generation in future release, we copy it in the appendix. Therefore, we propose to reuse it for simplified TDLA10 and TDLD10 channel generation.
Proposal 4: Reuse the procedure in clause B.2.1 of TS 38.101-4 for simplified TDLA10 and TDLD10 channel generation.
The simplified TDLA10 channel models with 2ns resolution and 2.5ns resolution based on the procedure in appendix are captured in Table 2-1.
Table 2-1 Simplified TDLA10 channel model with different resolution
	Tap #
	         2.5ns resolution
	2ns resolution
	Fading distribution

	
	Delay [ns]
	Power [dB]
	Delay [ns]
	Power [dB]
	

	1
	0
	-17.4
	0
	-16.1
	Rayleigh

	2
	5
	0
	4
	0
	Rayleigh

	3
	7.5
	-9.5
	6
	-4
	Rayleigh

	4
	15
	-19.9
	8
	-10.2
	Rayleigh

	5
	20
	-10.6
	18
	-8.8
	Rayleigh

	6
	22.5
	-15
	22
	-13.7
	Rayleigh

	7
	25
	-13.5
	24
	-17.9
	Rayleigh

	8
	30
	-15.3
	26
	-13.5
	Rayleigh

	9
	40
	-16.7
	30
	-14
	Rayleigh

	10
	45
	-18.1
	40
	-15.4
	Rayleigh

	11
	47.5
	-22.9
	46
	-15.6
	Rayleigh

	12
	97.5
	-24
	96
	-23
	Rayleigh



The simplification step changes the frequency correlation characteristic which may have impact on the performance. We compare the frequency correlation of original TDL-A model specified in TS 38.901 with simplified model in Figure 2-1. The frequency correlation can be denoted as follows:

Where  is normalized tap power, L is number of taps,  is delay of ith tap.
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Figure: 2-1: Frequency correlation characteristic for original TDLA model and simplified TDL-A model with different resolution 
We can observe that for 2.5ns resolution, there are non-negligible frequency correlation difference for original and simplified channel model, the difference is more obvious when frequency interval is larger than 100MHz, considering the bandwidth for FR2-2 is very large, e.g. 100MHz and 400MHz,  the performance difference may be non-negligible. For 2ns resolution, the frequency correlation difference is smaller than that with 2.5ns.
We also compared the PDSCH performance and PDCCH performance with different channel model, with the simulation assumptions in the proposed cases in [1]. The PDSCH simulation results are captured in figure 2-2 and PDCCH simulation results are captured in figure 2-3:
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Figure 2-2: Simulation results of PDSCH with different TDLA channel model
We can observe that for 400MHz bandwidth, the PDSCH performance difference is non-negligible for original channel model and simplified channel model. While for 100MHz bandwidth, the performance difference can be very small.
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Figure 2-3: Simulation results of PDCCH with different TDLA channel model 
 We can observe that for 400MHz bandwidth, the PDCCH performance difference is non-negligible for original channel model and simplified channel model. While for 100MHz bandwidth, the performance difference is smaller.
Based on the simulation results of PDCCH and PDSCH, we have following observation:
Observation 5:  Simplification procedure for TDLA channel affect the frequency correlation and performance requirements in FR2-2 band, especially for larger bandwidth. The impact of simplification steps of TDLA channel for 100MHz bandwidth is smaller than that for 400MHz.
The simplified TDLD10 channel models with 2ns resolution and 2.5ns resolution based on the procedure in appendix are captured in Table 2-2.
Table 2-2: Simplified TDLD10 channel model with different resolution
	Tap #
	2.5ns resolution
	2ns resolution
	Fading distribution

	
	Delay [ns]
	Power [dB]
	Delay [ns]
	Power [dB]
	

	1
	0
	-0.3
	0
	-0.3
	LOS

	
	0
	-12.4
	0
	-12.4
	Rayleigh

	2
	5
	-21.1
	6
	-21.1
	Rayleigh

	3
	12.5
	-22.9
	14
	-16.8
	Rayleigh

	4
	15
	-18
	18
	-18.4
	Rayleigh

	5
	17.5
	-18.4
	26
	-22
	Rayleigh

	6
	25
	-22
	40
	-27.9
	Rayleigh

	7
	40
	-27.9
	80
	-23.7
	Rayleigh

	8
	80
	-23.7
	94
	-24.9
	Rayleigh

	9
	95
	-24.9
	98
	-30.1
	Rayleigh

	10
	97.5
	-30.1
	126
	-27.5
	Rayleigh

	11
	125
	-27.5
	
	
	Rayleigh


The frequency correlation characteristic is captured in Figure 2-4:
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Figure: 2-4: Frequency correlation characteristic for original TDLD model and simplified TDLD model with different resolution 
We can observe that there are only 13 taps defined in original TDL-D channel model, which means only 2 taps are merged for simplification steps, also the power of LOS path is very high which leads to the flat characteristic in frequency domain. Frequency correlation is in the range of 0.8~1, which means the simplification steps don’t affect the performance. 
We also check the performance for PDSCH for original channel and simplified channel for TDL-D in Figure 2-5, we can see they have the same performance.
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Figure 2-5: Simulation results of PDSCH with different TDLD channel model
Observation 6: Simplification procedure for TDLD channel don’t affect the frequency correlation and performance requirements much in FR2-2 band.
Proposal 5: Use Table 2-1 and Table 2-2 for simplified TDLA and TDLD channel model respectively.
Conclusion
In this paper, we provide our views on how to simplify the TDL channel and the analysis of simplified TDL channel. The observations and proposals are: 
Observation 1: RF part only defined CA scenarios with CA_n41-n263, CA_n77-n263 and CA_n79-n263 but not defined DC scenarios for FR1+FR2-2 
Proposal 1: RAN4 to consider following scenarios for FR2-2 requirements definition:
· Single carrier (Optional feature)
· FR1+FR2-2 CA scenarios (Mandatory feature)

Observation 2: From point of performance gain, ICI compensation doesn’t bring performance gain compared to CPE compensation for PDSCH/PUSCH when PN is modelled in RX side for MCS20 and MCS22 with 120 kHz SCS/400MHz CBW. Furthermore, ICI compensation is only applicable for corner conditions: High SNR (larger than 20dB), Large PTRS samples.
Observation 3: From point of complexity, typical ICI compensation algorithm brings much matrix operation complexity.
Observation 4: From point of testability, ICI compensation only works well on high SNR (Large than 20dB), which can’t be verified considering limited maximum testable SNRBB.
Proposal 2:  Not consider ICI compensation for FR2-2 performance requirements definition.
Proposal 3:  Not consider 960kHz for FR2-2 demodulation requirements definition
Proposal 4: Reuse the procedure in clause B.2.1 of TS 38.101-4 for simplified TDLA10 and TDLD10 channel generation.
Observation 5:  Simplification procedure for TDLA channel affect the frequency correlation and performance requirements in FR2-2 band, especially for larger bandwidth. The impact of simplification steps of TDLA channel for 100MHz bandwidth is smaller than that for 400MHz.
Observation 6: Simplification procedure for TDLD channel don’t affect the frequency correlation and performance requirements much in FR2-2 band.
Proposal 5: Use Table 2-1 and Table 2-2 for simplified TDLA and TDLD channel model respectively.
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· Original TDLA channel model
Table 7.7.2-1. TDL-A
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0.0000
	-13.4
	Rayleigh

	2
	0.3819
	0
	Rayleigh

	3
	0.4025
	-2.2
	Rayleigh

	4
	0.5868
	-4
	Rayleigh

	5
	0.4610
	-6
	Rayleigh

	6
	0.5375
	-8.2
	Rayleigh

	7
	0.6708
	-9.9
	Rayleigh

	8
	0.5750
	-10.5
	Rayleigh

	9
	0.7618
	-7.5
	Rayleigh

	10
	1.5375
	-15.9
	Rayleigh

	11
	1.8978
	-6.6
	Rayleigh

	12
	2.2242
	-16.7
	Rayleigh

	13
	2.1718
	-12.4
	Rayleigh

	14
	2.4942
	-15.2
	Rayleigh

	15
	2.5119
	-10.8
	Rayleigh

	16
	3.0582
	-11.3
	Rayleigh

	17
	4.0810
	-12.7
	Rayleigh

	18
	4.4579
	-16.2
	Rayleigh

	19
	4.5695
	-18.3
	Rayleigh

	20
	4.7966
	-18.9
	Rayleigh

	21
	5.0066
	-16.6
	Rayleigh

	22
	5.3043
	-19.9
	Rayleigh

	23
	9.6586
	-29.7
	Rayleigh



· Original TDLD channel model
Table 7.7.2-4. TDL-D.
	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-13.5
	Rayleigh

	2
	0.035
	-18.8
	Rayleigh

	3
	0.612
	-21
	Rayleigh

	4
	1.363
	-22.8
	Rayleigh

	5
	1.405
	-17.9
	Rayleigh

	6
	1.804
	-20.1
	Rayleigh

	7
	2.596
	-21.9
	Rayleigh

	8
	1.775
	-22.9
	Rayleigh

	9
	4.042
	-27.8
	Rayleigh

	10
	7.937
	-23.6
	Rayleigh

	11
	9.424
	-24.8
	Rayleigh

	12
	9.708
	-30.0
	Rayleigh

	13
	12.525
	-27.7
	Rayleigh

	NOTE:	The first tap follows a Ricean distribution with a K-factor of K1 = 13.3 dB and a mean power of 0dB.



· Simplification step:

		Step 1: Use the original TDL model from TR 38.901 [16].
	Step 2: Re-order the taps in ascending delays.
	Step 3: Perform delay scaling according to the procedure described in clause 7.7.3 in TR 38.901 [16].
	Step 4: Apply the quantization to the delay resolution 5 ns. This is done simply by rounding the tap delays to the nearest multiple of the delay resolution.
	Step 5: If multiple taps are rounded to the same delay bin, merge them by calculating their linear power sum.
	Step 6: If there are more than 12 taps in the quantized model, merge the taps as follows
-	Find the weakest tap from all taps (both merged and unmerged taps are considered)
•	If there are two or more taps having the same value and are the weakest, select the tap with the smallest delay as the weakest tap.
-	When the weakest tap is the first delay tap, merge taps as follows
•	Update the power of the first delay tap as the linear power sum of the weakest tap and the second delay tap.
•	Remove the second delay tap.
-	When the weakest tap is the last delay tap, merge taps as follows
•	Update the power of the last delay tap as the linear power sum of the second-to-last tap and the last tap.
•	Remove the second-to-last tap.
-	Otherwise
•	For each side of the weakest tap, identify the neighbour tap that has the smaller delay difference to the weakest tap.
o	When the delay difference between the weakest tap and the identified neighbour tap on one side equals the delay difference between the weakest tap and the identified neighbour tap on the other side.
▪	Select the neighbour tap that is weaker in power for merging.
o	Otherwise, select the neighbour tap that has smaller delay difference for merging.
•	To merge, the power of the merged tap is the linear sum of the power of the weakest tap and the selected tap. 
•	When the selected tap is the first tap, the location of the merged tap is the location of the first tap. The weakest tap is removed.
•	When the selected tap is the last tap, the location of the merged tap is the location of the last tap. The weakest tap is removed.
•	Otherwise, the location of the merged tap is based on the average delay of the weakest tap and selected tap. If the average delay is on the sampling grid, the location of the merged tap is the average delay. Otherwise, the location of the merged tap is rounded towards the direction of the selected tap (e.g. 10 ns & 20 ns  15 ns, 10 ns & 25 ns  20 ns, if 25 ns had higher or equal power; 15 ns, if 10 ns had higher power) . The weakest tap and the selected tap are removed.
-	Repeat step 6 until the final number of taps is 12.
	Step 7: Round the amplitudes of taps to one decimal (e.g. -8.78 dB  -8.8 dB)
	Step 8: If the delay spread has slightly changed due to the tap merge, adjust the final delay spread by increasing or decreasing the power of the last tap so that the delay spread is corrected.
	Step 9: Re-normalize the highest tap to 0 dB.
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