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1. Introduction
[bookmark: _Hlk528680199]In RAN4#103-e meeting, companies discussed the requirement for FR2-2 PUSCH demodulation. Following agreements are captured in WF [1]. 
· General
Channel model tap delay resolution 
· Delay resolution: 5ns for below or equal to 200MHz CBW, 2ns for above 200MHz CBW
· Tap numbers: 12 taps for CBW smaller than 200MHz and [16] taps for CBW larger  than 200MHz

Doppler shift for demodulation requirements above 52.6 GHz
· 650Hz for TDLA and 200Hz for TDLD for PUSCH, PUCCH and PRACH requirements

RMS delay spread
· Adopt channel model according to the channel bandwidth as: 
	SCS [kHz]
	CBW [MHz]
	Applicable channel models 
	Tap resolution [ns]
	Tap number

	120
	100
	TDLA30-650
TDLD30-200
	5
	12

	120
480
[960]
	≥400
	TDLA10-650
TDLD10-200
	2
	16



Simplified TDLA model for demodulation requirements above 52.6 GHz
Companies can bring simulation results based on following simplified TDL model.
Table 1.1 Simplified TDLA10 model (16 taps, 2ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-16.1
	Rayleigh

	2
	4
	0
	Rayleigh

	3
	6
	-4
	Rayleigh

	4
	8
	-10.2
	Rayleigh

	5
	16
	-18.6
	Rayleigh

	6
	18
	-9.3
	Rayleigh

	7
	22
	-13.7
	Rayleigh

	8
	24
	-17.9
	Rayleigh

	9
	26
	-13.5
	Rayleigh

	10
	30
	-14
	Rayleigh

	11
	40
	-15.4
	Rayleigh

	12
	44
	-18.9
	Rayleigh

	13
	46
	-21.0
	Rayleigh

	14
	48
	-21.6
	Rayleigh

	15
	50
	-19.3
	Rayleigh

	16
	96
	-25.9
	Rayleigh



Table 1.2 Simplified TDLA30 model (12 taps, 5ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	10
	0
	Rayleigh

	3
	15
	-5.1
	Rayleigh

	4
	20
	-5.1
	Rayleigh

	5
	25
	-9.6
	Rayleigh

	6
	50
	-8.2
	Rayleigh

	7
	65
	-13.1
	Rayleigh

	 8
	75
	-11.5
	Rayleigh

	9
	105
	-11.0
	Rayleigh

	10
	135
	-16.2
	Rayleigh

	11
	150
	-16.6
	Rayleigh

	12
	290
	-26.2
	Rayleigh



Table 1.3 Simplified TDLD10 model (10 taps, 2ns resolution)
	Tap #
	2ns resolution
	Fading distribution

	
	Delay [ns]
	Power [dB]
	

	1
	0
	-0.2
	LOS

	
	0
	-12.4
	Rayleigh

	2
	6
	-21.1
	Rayleigh

	3
	14
	-16.7
	Rayleigh

	4
	18
	-18.3
	Rayleigh

	5
	26
	-22
	Rayleigh

	6
	40
	-27.9
	Rayleigh

	7
	80
	-23.7
	Rayleigh

	8
	94
	-24.9
	Rayleigh

	9
	98
	-30.0
	Rayleigh

	10
	126
	-27.7
	Rayleigh

	Note 1:	Tap #1 follows a Ricean distribution.



Table 1.4 Simplified TDLD30 model (10 taps, 5ns resolution)
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-12.4
	Rayleigh

	2
	20
	-21
	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.



SCS and CBW  for demodulation requirements 
· RAN 4 agreed to introduce BS demodulation requirements at least:
· 100MHz CBW for 120kHz SCS
· 400MHz CBW for 480kHz SCS
· FFS for 1600MHz for 480kHz, 400MHz and 2000MHz CBW for 960kHz SCS (if introduced)

ICI compensation for demodulation requirements 
· For test cases with minimum CBW, no need to consider ICI compensation,
· For other cases with larger CBW if introduced, FFS whether ICI compensation shall be considered or not

SNR limit
· Proposals
· Option 1: Keep the agreement in the previous meeting that using the minimum CBW and 20dB SNR limit for discussion at current stage. Pending the decision until RF have agreements on the link budget.
· Option 2: Keep the agreement in the previous meeting that using the minimum CBW and 20dB SNR limit for discussion at current stage.
· Other options are not precluded

Base station structure
· Proposals
· Proposal 1:. Define the FR2-2 requirements in the same clause as FR2-1 requirements but separate requirements tables. The legacy FR2-1 requirements table title should be updated to “xxx requirements for BS type 2-O operating in spectrum range of 24.25~52.6 GHz” and the table title for FR2-2 requirements should be said as “xxx requirements for BS type 2-O operating in spectrum range of  52.6 GHz~71 GHz”.
· Proposal 2: Use Table 2.2 for TS 38.104 spec structure and Table 2.3 for TS 38.141-2 spec structure
· Proposed positions in TS 38.104 for FR2-2 requirements
	Requirements
	Sub-clause

	CP-OFDM PUSCH performance requirements
	11.2.2.1

	PUCCH OTA performance requirements for format 0
	11.3.2.2

	PUCCH OTA performance requirements for format 1
	11.3.2.3

	PUCCH OTA performance requirements for format 2
	11.3.2.4

	PUCCH OTA performance requirements for format 3
	11.3.2.5

	PUCCH OTA performance requirements for format 4
	11.3.2.6

	PRACH OTA performance requirements 
	11.4.2.2


· Proposed positions in TS 38.141-2 for FR2-2 requirements
	Requirements
	Sub-clause

	CP-OFDM PUSCH performance requirements
	8.2.1

	PUCCH OTA performance requirements for format 0
	8.3.1

	PUCCH OTA performance requirements for format 1
	8.3.2

	PUCCH OTA performance requirements for format 2
	8.3.3

	PUCCH OTA performance requirements for format 3
	8.3.4

	PUCCH OTA performance requirements for format 4
	8.3.5

	PRACH OTA performance requirements 
	8.4.1




· PUSCH 

TDL model used for PUSCH requirements
<Agreement> TDL model used for PUSCH requirements
· Use MCS 4 and 16 with TDL-A and 64 QAM MCS with TDL-D.

Delay spread used for the channel model for PUSCH requirements
<Agreement> Define PUSCH requirements with 10ns RMS delay spread.

Doppler spread for PUSCH requirements
<Agreement >: Following agreements for general part, adopt the following channel models
· For channel bandwidth larger than 200 MHz, TDLA 10-650 and TDLD 10-200
· For channel bandwidth smaller or equal to 200 MHz, TDLA 30-650 and TDLD 30-200
Repetition type A
<Agreement> Do not define demodulation requirement for FR2-2 PUSCH repetition type A in Rel-17. Introduce the requirement in Rel-19 or higher release if necessary.

MCS and number Tx/Rx branches for PUSCH requirements
<Agreement> Define PUSCH demodulation requirements for 
· MCS 4 with 1T2R Low and 2T2R Low
· MCS 16 with 1T2R Low and 2T2R Low
Test cases for PUSCH requirements with transform precoding
<Agreement> Specify requirements for FR2-2 PUSCH demodulation with transform precoding enabled:
· MCS 4 with minimum CHBW for the agreed SCSs

Number of PRBs for PUSCH requirements with transform precoding
<Agreement>: 
· Adopt the number of PRBs for each SCS and CBW combination when transform precoding is enabled as
	SCS (kHz)

	100 MHz
	400 MHz

	
	NRB
	NRB

	120
	64
	256

	480
	N/A
	64

	960
	N/A
	32

	Note: 	Configuration to be applied only for agreed SCS and CBW.



In this contribution, open issues of NR extended to 71GHz PUSCH demodulation are analyzed.     

2. Discussion
2.1	General
960kHz SCS requirements
As we mentioned in previous meeting, 960kHz SCS is not a typical deployment considering its limited PRB number and PSD. The other issue of 960kHz SCS is its very small CP length, and the corresponding timing would be very tight. It is similar as 60kHz SCS in FR1 and 240kHz SCS in FR2-1, and no requirement was defined for them. The same methodology could be applied for 960kHz SCS. 
Some companies mentioned that 960kHz SCS could simplify receiver because of smaller PN impact. From the test requirement point of view, the PN impact would be also small for other SCSs in UL demodulation tests regarding to the testability. Based on our simulation results [2], the PN impact is small for at least up to MCS20 cases and ICI is unnecessary. In that case, the ICI implementation might not be checked by tests.
Companies also propose to consider it as optional requirements, but it will be confusing. Generally, BS need to declare to support SCS and test accordingly. If we consider 960kHz SCS requirements as optional, should BS declare to support this SCS? We would have following situations in that case:
1. BS declare to support 960kHz SCS, but companies could choose to pass the corresponding requirements or not by themselves. This would finally lead to no tests for 960kHz SCS which is not a good situation. 
2. BS declare to support only 120kHz and 480kHz SCS, then companies don’t need to test 960kHz SCS requirements. 
Observation 1: Both situations lead to the same results that no tests will be done for 960kHz SCS if corresponding requirements are optional. 
Proposal 1: RAN4 do not consider 960kHz SCS for FR2-2 BS demodulation requirements.

Largest CBW for 480kHz SCS
The current RF session is only focus on the OTA test method for 400MHz. It would be very challenging that RF discussion can also cover the largest CBW as well within two meetings left. If no extension would be agreed for this WI and to avoid the testability issues and inconsistency with RF scope, only 400MHz CBW could be better for 480kHz SCS requirements based on status. The requirements for larger bandwidths for 480kHz SCS could be introduced in the future when the corresponding RF test methods are settled. 
Proposal 2: Only consider the minimum CBW 400MHz BS demodulation requirement for 480kHz SCS in Rel-17 based on current progress. 

SNR limit
It was agreed in RF session that AWGN offset could be adjusted within the range for [0~15] dB for demodulation link budget calculation.
[image: ]
But it is known that lower AWGN offset level would relax the demodulation requirements in some level because the final demodulation SNR would depend on the reference sensitivity which could be variant between products. In that case, we should be very careful when we lower the AWGN offset for link budget calculation especially for very large bandwidth scenarios. 
In previous meeting, companies didn’t get agreement on the SNR limit for FR2-2. The reason behind is there is no consensus on the link budget of the test setup. It is no clear about the margin we could have for different CBW in the RF and demodulation tests. Furthermore, companies tend to take lower SNR MCS (around 10dB) configurations for demodulation to reduce PN impact. In that case, maybe lower SNR limit can be accepted for FR2-2. 
Proposal 3: Take adjusting AWGN offset level as the last method for link budget calculation when margin is not enough. And the corresponding feasibility should be checked. 
Proposal 4: Keep the agreement in the previous meeting that using the minimum CBW and 20dB SNR limit for discussion at current stage.     

Specification structure
The proposal 2 seems also take same sub-clause as FR2-1 for FR2-2 requirements. So two options indicate the same method based on our understanding. We could use same sub clause for both FR2-1 and FR2-2, but the parameters table, test procedures and requirement tables could use separate columns, paragraphs or tables if necessary. 
Observation 2: Two proposals indicate similar approach.

2.2	PUSCH requirements
Based on our simulation results, the target SNR for MCS20 with 1Tx2Rx is only ~10dB which could be safe for the link budget. The target SNR for MCS18 with 2Tx2Rx LOS channel is ~12dB which is lower than MCS16 with 2Tx2Rx NLOS channel (~15dB). The PN impact on these two cases are both ~1dB degradation. To keep enough margin for link budget and check the high MCS as much as possible, Option 3-3 could be accepted. MCS and number Tx/Rx branches for PUSCH requirements
<Way forward> Options for the 3rd MCS
· Option 3-1: MCS 18 with 1T2R Low and 2T2R Low
· Option 3-2: MCS 20 with 1T2R Low 
· Note: If the final link budget agreement indicate 20dB SNR limit could be applied for FR2-2
· Option 3-3: MCS 20 with 1T2R Low and MCS 18 with 2T2R Low
· Note: If the final link budget agreement indicate 20dB SNR limit could be applied for FR2-2

Proposal 5: Take Option 3-3 that MCS20 with 1T2R low and MCS18 with 2T2R low If the final link budget agreement indicate 20dB SNR limit could be applied for FR2-2. 

3. Conclusions
960kHz SCS requirements
Observation 1: Defining 960kHz SCS requirements as optional would lead to the same results that no tests will be done for 960kHz SCS if corresponding requirements are optional. 
Proposal 1: RAN4 do not consider 960kHz SCS for FR2-2 BS demodulation requirements.
Largest CBW for 480kHz SCS
Proposal 2: Only consider the minimum CBW 400MHz BS demodulation requirement for 480kHz SCS in Rel-17 based on current progress. 
SNR limit
Proposal 3: Take adjusting AWGN offset level as the last method for link budget calculation when margin is not enough. And the corresponding feasibility should be checked. 
Proposal 4: Keep the agreement in the previous meeting that using the minimum CBW and 20dB SNR limit for discussion at current stage.     
Specification structure
Observation 2: Two proposals indicate similar approach.
PUSCH
Proposal 5: Take Option 3-3 that MCS20 with 1T2R low and MCS18 with 2T2R low If the final link budget agreement indicate 20dB SNR limit could be applied for FR2-2. 
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