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1. Introduction
[bookmark: _Hlk528680199]In RAN4#104bis-e meeting, companies discussed the requirement for FR2-2 PUSCH demodulation. Following agreements are captured in WF [1]. 
· General
· SCS and CBW for demodulation requirements
Agreement:	RAN 4 to define 120kHz and 480kHz SCS and not consider 960kHz SCS for FR2-2 PUSCH, PUCCH and PRACH requirements.
· SNR limit
Agreement:	Use 20dB SNR limit for discussion, SNR limit might be reviewed if there is further conclusions in the RF session.
· AWGN offset
Proposal:
· Option 1: 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.
· Option 2: Adopt same procedure as in FR2-1 regarding AWGN_offset.
· PUSCH
· Sub-carrier spacings for PUSCH requirements
Agreement: 	120 kHz and 480 kHz
· Channel bandwidth for PUSCH requirements with 120 kHz SCS
Agreement:	 Define PUSCH BS demodulation requirements for 120kHz SCS with 100MHz and 400MHz
· Further discuss test applicable rules considering the mandatory CHBW sets for BS
· Channel bandwidth for PUSCH requirements with 480 kHz SCS
Agreement:	 Define PUSCH BS demodulation requirements for 480kHz SCS with 400MHz
· Channel model for 16 QAM for PUSCH requirements 
Way forward.
· Option 1: Update channel model for MCS 16 with 120 kHz SCS as
· For 1x2 Low, use TDLA30-650
· For 2x2 Low, use TDLA30-650
· Option 2: Update channel model for MCS 16 with 120 kHz SCS as
· For 1x2 Low, use TDLA30-650
· For 2x2 Low, use TDLD30-650
· Option 3: Update channel model for MCS 16 with 120 kHz SCS as
· For 1x2 Low, use TDLA30-650
· For 2x2 Low, use TDLD30-200
· Option 4: Update channel model for MCS 16 with 480 kHz SCS as
· For 1x2 Low, use TDLA30-650
· For 2x2 Low, use TDLD30-200
· Option 5: Update channel model for MCS 16 with 120 kHz SCS and 480kHz SCS:
· For 1x2 Low, use TDLA30-650 for 100MHz CBW, TDLA10-650 for 400MHz CBW.
· For 2x2 Low, use TDLD30-200 for 100MHz CBW, TDLD10-200 for 400MHz CBW.
· MCS and number Tx/Rx branches for PUSCH requirements
Way forward:  	Proposals regarding 64 QAM requirements.
· Option 1: 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
· Option 2: MCS20 with 1T2R and 2T2R Low
· PTRS configuration
Agreement:	 Disabled PTRS for QPSK for both CP-OFDM and DFT-S-OFDM.

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

2. Discussion
2.1	General
Channel model delay profile description
In the RAN4#104-e, simplified channel models were agreed for FR2-2 demodulation requirements as follows, TDLA10 has 16 taps with 2ns resolution, TDLA30 has 12 taps with 5ns resolution, TDLD10 has 10 taps with 2ns resolution and TDLD30 has 10 taps with 5ns resolution. 
For TDLA10, there are 16 taps and use 2ns resolution which is not aligned with the delay profile generation methods described in G.2.1 in TS38.104. Furthermore, the LOS channel model TDLD10 and TDLD30 are also not exactly aligned with the description in G.2.1. The modification is needed for this part. 
Proposal 1: Take following changes to the delay profile description in the specification. 
G.2.1	Delay profiles
The delay profiles are simplified from the TR 38.901 [16] 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 G.2.1.1 and G.2.1.2 can be used as such.
	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 or 2 ns (for FR2-2). This is done simply by rounding the tap delays to the nearest multiple of the delay resolution.
	Step 5: If multiple Rayleigh 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 for 5ns resolution or 16 taps for 2ns resolution (for FR2-2) in the quantized model, merge the Rayleigh taps as follows
<Unchanged part is skipped>
•	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. For 5ns resolution, 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 or 16.
	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 Rayleigh tap to 0 dB if there is no LOS path in the model.
Note 1:	Some values of the delay profile created by the simplification steps may differ from the values in tables G.2.1.1-2, G.2.1.1-3, G.2.1.1-4, and G.2.1.2-2 for the corresponding model. 
Note 2:	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.


2.2	PUSCH requirements

Applicability rule for CBW
Regarding both 100MHz and 400MHz are introduced to the 120kHz SCS PUSCH requirements, current applicability rule in TS38.141-2 8.1.2.1.2 could be reused that only the largest supported channel bandwidth should be tested. 
8.1.2.1.2	Applicability of requirements for different channel bandwidths
For each subcarrier spacing declared to be supported, the test requirements for a specific channel bandwidth shall apply only if the BS supports it (see D.14 in table 4.6-1).
Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth.

Proposal 2: Reuse current applicability rule for different channel bandwidth for FR2-2 120kHz SCS PUSCH requirements.

Channel model for 16QAM 
Firstly, we think it should be straightforward to get align with previous agreement. The agreed delay spread for 100MHz CBW is 30ns and for more than 400MHz CBW is 10ns. The agreed Doppler shift for NLOS channel is 650Hz and for LOS channel is 200Hz.
Secondly, our simulation results show that ideal results of MCS16 with 2Tx and NLOS channel could reach to ~15dB. The impairment results and final requirement could be very close to 20dB which is not feasible for the test. 
Thirdly, we are lacking clear link budget for now, so we should keep a conservative attitude to high MCS due to testability issue. AWGN offset 0~15dB was agreed in RF session to be applied for demodulation analysis, but it should not be abused which would lead to much relaxed requirements. To minimize the impact by the reference sensitivity, if we could assume MCS4 can be tested with 400MHz with AWGN offset is 0dB, then the highest testable SNR could reach to MCS4_SNR + 15dB. Based on previous simulation results summary, the ideal SNR value for MCS4 is around -3dB, then the highest testable SNR could be assumed as around 12dB.
In that case, we think LOS channel could be a better choice for MCS16 either. Our simulation shows that only around 10 dB for MCS16 with 2Tx [2] which could be safe for testability. 
In summary, we prefer Option 5. 
Proposal 3: Take Option 5 for MCS16 test configuration.
· For 1x2 Low, use TDLA30-650 for 100MHz CBW, TDLA10-650 for 400MHz CBW.
· For 2x2 Low, use TDLD30-200 for 100MHz CBW, TDLD10-200 for 400MHz CBW.

MCS and Tx/Rx branch number
Similar as MCS16 discussion that maybe LOS channel would be more feasible for FR2-2 2Tx scenario compared with NLOS channel. As for MCS18 and MCS20, our simulation shows that MCS20 would have around 14dB SNR which is ~2.3dB higher than MCS18 SNR. To leave enough margin for testability and performance reliability, MCS18 with LOS channel would be better for FR2-2 2Tx scenarios. 
Proposal 4: Take MCS20 for 1Tx2Rx demodulation requirements and take MCS18 with 2Tx2Rx for FR2-2 PUSCH demodulation requirements.  

3. Conclusions
Proposal 1: Take following changes to the delay profile description in the specification. 
Proposal 2: Reuse current applicability rule for different channel bandwidth for FR2-2 120kHz SCS PUSCH requirements.
Proposal 3: Take Option 5 for MCS16 test configuration.
· For 1x2 Low, use TDLA30-650 for 100MHz CBW, TDLA10-650 for 400MHz CBW.
· For 2x2 Low, use TDLD30-200 for 100MHz CBW, TDLD10-200 for 400MHz CBW.

Proposal 4: Take MCS20 for 1Tx2Rx demodulation requirements and take MCS18 with 2Tx2Rx for FR2-2 PUSCH demodulation requirements.
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