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1	Introduction
RAN4#97-e agreed with the way forward on UE demodulation and CSI reporting for FR2 DL 256QAM [1]. This contribution addresses the open issues based on our simulation results [2].
2	Discussion
2.1	Fading channel model
One remaining open issue is the propagation channel condition used for PDSCH demodulation requirements for DL 256QAM in FR2. 
	Propagation condition
· Introduce test case with TDLD30-75 based on the assumption that we can complete the work for introducing TDL-D channel model into specification in RAN4#98e. If no conclusion for introducing TDL-D channel model in RAN4#98e, then RAN4 will adopt TDLA30-300 instead of TDLD30-75.
· In RAN4#98e, companies provide simulation results (including 70%TP ideal and impairment SNR points and TP curves) in the template provided by Intel.



Table 1 is the summary of our alignment simulation results as presented in [2]. According to our simulation results, the required SNR to achieve 70% of the maximum throughput with TDLD30-75 is 16.1 dB, which is 1.6dB lower than that with TDLA30-75. Considering the impairment margin and averaging of companies results, we prefer to specify the requirements with TDLD30-75 compared with TDLA30-300 from the testability point of view.
[bookmark: _Ref59627180]Table 1	Summary of simulation results for DL 255QAM in FR2.
	Channel condition
	SNR (dB) to achieve 70% of maximum throughput 
(Alignment results)
	SNR (dB) to achieve 70% of maximum throughput 
(Impairment results)

	TDLA30-300
	17.5
	19.5

	TDLD30-75
	16.1
	18.1



Proposal 1: Define DL 256QAM PDSCH demodulation requirements in FR2 with TDLD30-75. 
2.2	Path delay profile for TDLD30
Since the latest TS38.101-4 does not define the path delay profile for TDLD30, RAN4 had the email discussion how to specify the path delay profile of TDLD30. The email discussion discussed the several options for TDLD30 path delay profile. This contribution compares two options listed in Table 2. Table 3 shows the K-factors and RMS delay spread for each option. From this table, it is observed the K-factor and delay spread are almost same. Note the reason K-factors of tap #1 is different from the original path delay profile in TR38.901 is because several Rayleigh paths are merged to Tap #1 after applying the delay spread of 30ns and rounding. 
[bookmark: _Ref60058178]Table 2	Path delay profile options for TDLD30. 
	Tap #
	Delay [ns]
	Power [dB]
Alt-1
	Power [dB]
Alt-2
	Fading distribution

	1
	0
	-0.3
	-0.2
	LOS path

	1
	0
	-12.4
	-12.4
	Rayleigh

	2
	20
	-21.1
	-21.0
	Rayleigh

	3
	40
	-16.8
	-16.7
	Rayleigh

	4
	55
	-18.4
	-18.3
	Rayleigh

	5
	80
	-22.0
	-21.9
	Rayleigh

	6
	120
	-27.9
	-27.8
	Rayleigh

	7
	240
	-23.7
	-23.6
	Rayleigh

	8
	285
	-24.9
	-24.8
	Rayleigh

	9
	290
	-30.1
	-30.0
	Rayleigh

	10
	375
	-27.5
	-27.6
	Rayleigh

	Note 1:	Tap #1 follows a Ricean distribution.
Note 2:	LOS path applies the channel matrix specified in B.1 according to the antenna configuration.



[bookmark: _Ref60058180]Table 3	K-factors and Delay spread for TDLD30 path delay profile options. 
	
	K-factor of tap #1 (K1)
	K-factor (power ratio of LOS path and all NLOS paths) 
	Delay spread 

	TDL-D 30ns in TR38.901
	13.3 dB
	8.98 dB
	[30.0 ns]

	Option 1
	12.1 dB
	8.95 dB
	29.9 ns

	Option 2
	12.2 dB
	9.00 dB
	30.0 ns
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[bookmark: _Ref60058526]Figure 1	Performance impact with TDLD30 path delay profile options.  

Figure 1 shows the PDSCH demodulation simulation results with different TDLD30 path delay profile options based on the agreed simulation parameters in [2]. It is observed that the difference is negligible. According to our simulation and email discussion summary, we propose to specify Alt-1 as the TDLD30 path delay profile in TS38.101.4. In the PDP table, we also propose to add note the LOS path applies the channel matrix used for static channel condition. 
Proposal 2: Specify the following path delay profile for TDLD30 in TS38.101-4 B.2.1.2.
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	1
	0
	-12.4
	Rayleigh

	2
	20
	-21.0
	Rayleigh

	3
	40
	-16.7
	Rayleigh

	4
	55
	-18.3
	Rayleigh

	5
	80
	-21.9
	Rayleigh

	6
	120
	-27.8
	Rayleigh

	7
	240
	-23.6
	Rayleigh

	8
	285
	-24.8
	Rayleigh

	9
	290
	-30.0
	Rayleigh

	10
	375
	-27.6
	Rayleigh

	Note 1:	Tap #1 follows a Ricean distribution.
Note 2:	LOS path applies the channel matrix specified in B.1 according to the antenna configuration.



[bookmark: _GoBack]We also want to add the note ‘both LOS path and Rayleigh distribution are considered as single path’ in TS38.101-4 B.2.1 to avoid the confusion if RAN4 decide to define new PDP in the future. See the Appendix for the detailed text proposal.  
Proposal 3: Add the following note in the delay profile simplification procedure in TS38.101-4 B.2.1:
Note:	The paths containing both LOS path and Rayleigh distribution are considered as single path.

3	Summary
Proposal 1: Define DL 256QAM PDSCH demodulation requirements in FR2 with TDLD30-75. 
Proposal 2: Specify the following path delay profile for TDLD30 in TS38.101-4 B.2.1.2.
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	1
	0
	-12.4
	Rayleigh

	2
	20
	-21.0
	Rayleigh

	3
	40
	-16.7
	Rayleigh

	4
	55
	-18.3
	Rayleigh

	5
	80
	-21.9
	Rayleigh

	6
	120
	-27.8
	Rayleigh

	7
	240
	-23.6
	Rayleigh

	8
	285
	-24.8
	Rayleigh

	9
	290
	-30.0
	Rayleigh

	10
	375
	-27.6
	Rayleigh

	Note 1:	Tap #1 follows a Ricean distribution.
Note 2:	LOS path applies the channel matrix specified in B.1 according to the antenna configuration.



Proposal 3: Add the following note in the delay profile simplification procedure in TS38.101-4 B.2.1:
Note:	The paths containing both LOS path and Rayleigh distribution are considered as single path.
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Appendix
[bookmark: _Toc21338432][bookmark: _Toc29808540][bookmark: _Toc37068459][bookmark: _Toc37084004][bookmark: _Toc37084346][bookmark: _Toc40209708][bookmark: _Toc40210050][bookmark: _Toc45893009][bookmark: _Toc53176874]B.2.1	Delay profiles
The delay profiles are simplified from the TR 38.901 [5] TDL models. The simplification steps are shown below for information. These steps are only used when new delay profiles are created. Otherwise, the delay profiles specified in B.2.1.1 and B.2.1.2 can be used as such.
Step 1: Use the original TDL model from TR 38.901[5].
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 [5].
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.
-	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.
-	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. Merge two parallel taps with different delays (average delay, sum power) starting from the weakest ones. 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 tap powers such that the strongest tap is at 0dB.
Note:	Some values of the delay profile created by the simplification steps may differ from the values in tables B.2.1.1-2, B.2.1.1-3, B.2.1.1-4, B.2.1.2-2, and B.2.1.2-3, and B.2.1.2-4 for the corresponding model.
Note:	For Step 5 and Step 6, the power values are expressed in the linear domain using 6 digits of precision. The operations are in the linear domain.
Note:	The paths containing both LOS path and Rayleigh distribution are consider as single path.
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