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Background
As per [1], RAN 4 has agreed to define SDR requirements for UE operating on FR2-2 band and RAN 4 agreed to study the MCS configuration applicability for FR2-2 from FR2-1 and SNR values to achieve 85% throughput:

	
Issue 1-2-2: General scope of UE demodulation and CSI reporting performance requirements
Define PDSCH, PDCCH, PBCH, SDR performance requirements.

Issue 3-6-1: SDR performance requirements (if introduced pending on outcome of issues Issue 1-2-2
If requirements will be introduced, study MCS configuration applicability for FR2-2 from FR2-1 and SNR values to achieve 85% throughput.



In this paper, we provide our initial simulation and analysis on these issues. Additionally, we also provide our views on the test setup.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]Discussions

Test setup
Scenarios 

RAN 4 has defined FR2-1 SDR requirements for both CA and single carrier operating mode. As for FR2-2, RAN 4 has agreed to consider following scenarios:

	RAN4 defines demodulation requirements for the following scenarios:
· SA FR2-2
· NR DC or CA with FR1 anchor and FR2-2
RAN4 does not consider FR2-2 CA scenario in Rel-17



Based on our understanding, both SA FR2-2 and NR DC or CAFR1+FR2-2 are typical deployments, hence, it is important to define SDR requirements for these scenarios. Additionally, RAN 4 has agreed to not consider FR2-2 CA scenario in Rel-17. However, RF part has introduced FR2-2 intra-band contiguous CA operating DC or CA with FR1 bands. In order to reuse the test procedure of Rel-15 NRDC, we propose to include FR2-2 CA scenarios DC or CA with FR1 bands (CA)

Proposal 1: Define SDR requirements for following scenarios:
· SA FR2-2
· FR1 (CA or single CC) CA with FR2-2 (CA or single CC)
· FR1 (CA or single CC) DC with FR2-2 (CA or single CC)

SCS

120kHz, 480kHz and 960kHz has been agreed as SCS for FR2-2 band. Based on our understanding, only 120kHz SCS is enough for SDR requirements definition since both 480kHz and 960kHz SCS are optional and SCS doesn’t have any impact on the performance for static channel.

Proposal 2: Only consider 120 kHz SCS

Test parameters 

RAN 4 has defined following procedure for NRDC with FR2-1+FR1 SDR test:

	The test parameters are determined by the following procedure:
-	Step 1: Calculate the NR FR1 data rate for CA bandwidth combinations, using a procedure from clause 4.1.2 of TS 38.306 [14], for all supported CA configurations and set of per NR component carrier (CC) UE capabilities among all supported UE capabilities:
-	Set of per NR CC UE capabilities includes a channel bandwidth, subcarrier spacing, number of PDSCH MIMO layers, modulation format and scaling factor as defined in clause 4.1.2 of TS 38.306 [14].
-	Step 2: Calculate the NR FR2 data rate for CA bandwidth combinations, using a procedure from Clause 7.5A, for all supported CA configurations and set of per NR component carrier (CC) UE capabilities among all supported UE capabilities:
-	Set of per NR CC UE capabilities includes a channel bandwidth, subcarrier spacing, number of PDSCH MIMO layers, modulation format and scaling factor as defined in clause 4.1.2 of TS 38.306 [14].
-	Step 3: Select the CA bandwidth combination among all supported CA configurations that achieves maximum total data rate in steps 1 and 2 among all UE capabilities:
-	When there are multiple sets of CA bandwidth combinations and UE capabilities with the same largest data rate, select a single set with the smallest aggregated channel bandwidth.
-	Step 4: For each NR FR2 CC in the selected CA bandwidth combination, use MCS determined in step 2 for that CA bandwidth combination based on test parameters and indicated UE capabilities.
The test setup for NR FR1 PCell is specified in Clause 5.5A. The NR FR2 SDR tests setup is specified in Clause 7.5A. During the test, only the PDSCH performance on the NR cell(s) on FR2 carriers is verified and only NR FR1 PCell is activated from all FR1 CCs for the tested CA bandwidth combination.




We can reuse it for NRDC or CA FR2-2+FR1 SDR test. For SA FR2-2 mode, we propose reuse the procedure in 7.5.1 of TS 38.
101-4 (Reuse procedure of FR2-1 single CC)

Proposal 3: For scenario of FR2-2 DC or CA with FR1, use procedure specified in clause 9.4A.1 of TS 38.101-4. For scenario of SA FR2-2, use procedure specified in 7.5.1 of TS 38.101-4

Test assumptions

Considering only 120 kHz SCS is used, no difference can be find between FR2-1 and FR2-2, hence we propose reuse Table 7.5A.1-1 in TS 38.101-4 except for configurations related to 60kHz SCS for FR2-2 SDR test .

Proposal 4: Reuse Table 7.5A.1-1 in TS 38.101-4 except for configurations related to 60 kHz SCS for FR2-2 SDR test common parameter configuration.

SNR values 
The simulation results for SNR@ 85% of max throughout are captured in Table 2-1 and Table 2-2. In the simulation, we have following assumptions:

· Bandwidth/SCS: 100MHz/120kHz and 400MHz/120kHz
· Phase noise model: Set2 in TR 38.808
· Receiver type: 
· 100MHz/120kHz: 
· For MCS 0~19: CPE compensation
· For MCS 20~28 CPE and ICI compensation
·   400MHz/120kHz: 
· For MCS 0~16: CPE compensation
· For MCS 17~28 CPE and ICI compensation

The reason we use ICI compensation only for high MCS is that ICI compensation can only bring positive performance gain at high SNR range. Based on the simulation results, we find that SNR@85% of max TP can’t be reached for MCS25~28 for rank 1 and for MCS 23~28 for rank 2. Also, we can observe that the phase noise can cause severe performance degradation for high MCS. Meanwhile, due to the more number of PTRS allocation for 400MHz bandwidth, performance of phase noise compensation is better than that for 100MHz.

Table 2-1: Simulation results for SNR@85% of max TP

	
	100MHz/120kHz
	400MHz/120kHz

	
	Rank 1
	Rank 2
	Rank 1
	Rank 2

	MCS
	Without PN
	With PN
	Without PN
	With PN
	Without PN
	With PN
	Without PN
	With PN

	0
	-7.3
	-7.3
	-4.3
	-3.8
	-7.3
	-7.3
	-4.3
	-4.3

	1
	-6.4
	-6.4
	-3.3
	-3.0
	-6.4
	-6.4
	-3.3
	-3.3

	2
	-5.4
	-5.4
	-2.3
	-2.2
	-5.4
	-5.3
	-2.3
	-2.3

	3
	-4.3
	-4.3
	-1.3
	-0.7
	-4.3
	-4.3
	-1.3
	-1.3

	4
	-3.3
	-3.3
	-0.3
	0.1
	-3.3
	-3.3
	-0.3
	-0.3

	5
	-2.3
	-2.3
	0.7
	0.96
	-2.3
	-2.3
	0.7
	0.7

	6
	-1.3
	-1.3
	1.7
	2.2
	-1.3
	-1.3
	1.7
	1.7

	7
	-0.4
	-0.3
	2.7
	3.3
	-0.4
	-0.3
	2.7
	2.7

	8
	0.1
	0.7
	3.4
	4.3
	0.1
	0.7
	3.4
	3.7

	9
	0.7
	1.7
	3.7
	5.3
	0.7
	1.7
	3.7
	4.7

	10
	1.7
	1.9
	4.7
	5.7
	1.7
	1.9
	4.7
	5.1

	11
	2.7
	2.7
	5.6
	6.7
	2.7
	2.7
	5.6
	5.9

	12
	3.7
	3.7
	6.5
	8.0
	3.7
	3.7
	6.5
	7.3

	13
	4.6
	4.7
	7.6
	9.9
	4.6
	4.8
	7.6
	8.7

	14
	5.7
	5.7
	7.9
	11.6
	5.7
	5.8
	7.9
	9.8

	15
	5.8
	6.7
	8.7
	12.7
	5.8
	6.9
	8.7
	11.2

	16
	6.7
	7.7
	9.7
	13.6
	6.7
	7.8
	9.7
	12.5

	17
	7.7
	8.7
	10.7
	14.3
	7.7
	7.6
	10.7
	13.6

	18
	7.7
	8.7
	10.7
	14.8
	7.7
	9.7
	10.7
	13.8

	19
	8.7
	10.4
	11.7
	16.5
	8.7
	10.8
	11.7
	15.3

	20
	9.7
	11.7
	12.7
	17.9
	9.7
	11.9
	12.7
	16.9

	21
	10.7
	12.8
	13.7
	19.8
	10.7
	13.0
	13.7
	18.6

	22
	11.7
	14.9
	14.7
	22.3
	11.7
	14.8
	14.7
	20.9

	23
	12.7
	18.3
	15.7
	Inf
	12.7
	17.0
	15.7
	Inf

	24
	13.7
	23.1
	16.7
	Inf
	13.7
	19.1
	16.7
	Inf

	25
	14.7
	Inf
	17.5
	Inf
	14.7
	Inf
	17.5
	Inf

	26
	15.7
	Inf
	19.5
	Inf
	15.7
	Inf
	19.5
	Inf

	27
	16.7
	Inf
	19.7
	Inf
	16.7
	Inf
	19.7
	Inf

	28
	19.0
	Inf
	21.7
	Inf
	19.0
	Inf
	21.7
	Inf



Observation 1: SNR@85% of max TP can’t be reached for MCS25~28 for rank 1 and for MCS 23~28 for rank 2.

Observation 2: Phase noise brings severe performance degradation for high MCS.

Observation 3: The performance for 400MHz bandwidth is better than 100MHz

MCS look up Table

Therefore, the look up MCS Table should be modified with the limitation that maximum MCS for MIMO layer=1 is 24 and maximum MCS for MIMO layer=2 is 22. Hence, we propose to use Table 2-2 as FR2-2 look up MCS Table.

Table 2-2: Proposed look up MCS Table
	Maximum number of PDSCH MIMO layers
	Maximum modulation format (Note 1)
	Scaling factor
	MCS (Note 2)

	1
	6
	1
	27->24

	1
	6
	0.8
	23

	1
	6
	0.75
	22

	1
	6
	0.4
	14

	1
	4
	1
	16

	1
	4
	0.8
	16

	1
	4
	0.75
	16

	1
	4
	0.4
	10

	1
	2
	1
	9

	1
	2
	0.8
	9

	1
	2
	0.75
	9

	1
	2
	0.4
	4

	2
	6
	1
	27->22

	2
	6
	0.8
	23->22

	2
	6
	0.75
	22

	2
	6
	0.4
	14

	2
	4
	1
	16

	2
	4
	0.8
	16

	2
	4
	0.75
	16

	2
	4
	0.4
	10

	2
	2
	1
	9

	2
	2
	0.8
	9

	2
	2
	0.75
	9

	2
	2
	0.4
	4

	Note 1:	For the band(s) on which UE supporting “Maximum modulation format” of 8, the MCS index is derived from the rows with “Maximum modulation format” of 6.
Note 2:	MCS Index is based on MCS index Table 1 defined in clause 5.1.3.1 of TS 38.214 [12].



Proposal 5: Use Table 2-2 for FR2-2 MCS look up Table

Table of SNR required to achieve 85% of  peak throughput 

It is noted that the maximum achievable SNR for OTA test is [-0.6dB] for 120kHz/100MHz and [7.7dB] for 120kHz/400MHz. Therefore, we proposed to extent the MCS value in the table of SNR required to achieve 85% of peak throughput under AWGN conditions table (Table 7.5A1-4 in TS 38.101-4) from starting with MCS 13 to MCS 6. Additionally, for simulation alignment, we propose to use CPE only compensation for low MCS. I.e. MCS 0~19 and CPE and ICI compensation for high MCS. I.e.  MCS20~28.  

Considering there is large performance difference between 100MHz bandwidth and 400MHz bandwidth, maybe it is better to configure separate SNR required to achieve 85% of peak throughout table for 100MHz and 400MHz.

Proposal 6: Extent the MCS value in the table of SNR required to achieve 85% of peak throughput under AWGN conditions table (Table 7.5A1-4 in TS 38.101-4) from starting with 13 to MCS 6.

Proposal 7: For simulation alignment, use CPE only compensation for low MCS. I.e. MCS 0~19 and CPE and ICI compensation for high MCS. I.e.  MCS20~28.

Proposal 8: Consider configure separate SNR required to achieve 85% of peak throughout table for 100MHz and 400MHz.
Conclusion
In this paper, we provide our general over views on UE requirements for NR extension to 71GHz. The observations and proposals are:
Proposal 1: Define SDR requirements for following scenarios:
· SA FR2-2
· FR1 (CA or single CC) CA with FR2-2 (CA or single CC)
· FR1 (CA or single CC) DC with FR2-2 (CA or single CC)
Proposal 2: Only consider 120 kHz SCS

Proposal 3: For scenario of FR2-2 DC or CA with FR1, use procedure specified in clause 9.4A.1 of TS 38.101-4. For scenario of SA FR2-2, use procedure specified in 7.5.1 of TS 38.101-4

Proposal 4: Reuse Table 7.5A.1-1 in TS 38.101-4 except for configurations related to 60 kHz SCS for FR2-2 SDR test common parameter configuration.

Proposal 5: Use Table 2-2 for FR2-2 MCS look up Table

Proposal 6: Extent the MCS value in the table of SNR required to achieve 85% of peak throughput under AWGN conditions table (Table 7.5A1-4 in TS 38.101-4) from starting with 13 to MCS 6.

Proposal 7: For simulation alignment, use CPE only compensation for low MCS. I.e. MCS 0~19 and CPE and ICI compensation for high MCS. I.e.  MCS20~28.

Proposal 8: Consider configure separate SNR required to achieve 85% of peak throughout table for 100MHz and 400MHz.

Observation 1: SNR@85% of max TP can’t be reached for MCS25~28 for rank 1 and for MCS 23~28 for rank 2.

Observation 2: Phase noise brings severe performance degradation for high MCS.

Observation 3: The performance for 400MHz bandwidth is better than 100MHz
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