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1. Introduction
[bookmark: _Hlk528680199]The BS type 2-O PUSCH requirements with transform precoding disabled was discussed in the last meeting, and new requirement values are also agreed [1]. But there are still some test cases (2 transmission layers and SCS=60kHz) have TBDs and around 20dB SNR values. In this paper, we will discuss the requirements for those test cases based on simulation result with MCS12.

2. Discussion
2.1 Background
From the previous discussion, most of requirements have been agreed for BS type 2-O PUSCH with transform precoding disabled cases [1]. But there are still some TBD values and around 20dB values which means untestable for now. All these cases are summarized as following table.
Table 2.1 Summary of problematic test cases 
	BW
(MHz)
	SCS
(kHz)
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	PT-RS
	SNR
(dB)

	

50
	

60
	2
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-6
	 pos0
	Yes
	[TBD]

	
	
	
	
	
	
	
	
	
	No
	[TBD]

	
	
	
	
	
	
	
	G-FR2-A4-16
	 pos1
	Yes
	[19.6]

	
	
	
	
	
	
	
	
	
	No
	[18.14]

	

100
	
	2
	2
	Normal
	TDLA30-300 Low
	70%
	G-FR2-A4-7
	pos0
	Yes
	[TBD]

	
	
	
	
	
	
	
	
	
	No
	[TBD]

	
	
	
	
	
	
	
	G-FR2-A4-17
	pos1
	Yes
	[18.83]

	
	
	
	
	
	
	
	
	
	No
	[18.5]

	

50
	





120
	2
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-8
	 pos0
	Yes
	[21.1]

	
	
	
	
	
	
	
	
	
	No
	[18.86]

	
	
	
	
	
	
	
	G-FR2-A4-18
	 pos1
	Yes
	[19.6]

	
	
	
	
	
	
	
	
	
	No
	[17.86]

	

100
	
	2
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-9
	pos0
	Yes
	[20.8]

	
	
	
	
	
	
	
	
	
	No
	[19.34]

	
	
	
	
	
	
	
	G-FR2-A4-19
	pos1
	Yes
	[18.58]

	
	
	
	
	
	
	
	
	
	No
	[18.10]

	

200
	
	2
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-10
	 pos0
	Yes
	[21.5]

	
	
	
	
	
	
	
	
	
	No
	[20.72]

	
	
	
	
	
	
	
	G-FR2-A4-20
	 pos1
	Yes
	[19.0]

	
	
	
	
	
	
	
	
	
	No
	[18.42]



For those test cases with TBD values, the 70% of maximum throughput can’t be reached based on the simulation. For other cases, the requirements are more than or very close to 20dB which is agreed as the SNR upper limit for uplink conformance test. Since we agreed to keep these test cases in specification, lower MCS should be used and then new FRC should be defined. 
2.2 New FRC definition and simulation result
We propose using MCS12 instead of MCS16 for these problematic cases and the corresponding FRC definition as following tables.
	Table 2.2-1: FRC parameters for FR2 PUSCH performance requirements, transform precoding disabled, Additional DM-RS position = pos0 and 2 transmission layers (16QAM, R=434/1024)

	Reference channel
	G-FR2-A4-6
	G-FR2-A4-7
	G-FR2-A4-8
	G-FR2-A4-9
	G-FR2-A4-10

	Subcarrier spacing [kHz]
	60
	60
	120
	120
	120

	Allocated resource blocks
	66
	132
	32
	66
	132

	CP-OFDM Symbols per slot (Note 1)
	9
	9
	9
	9
	9

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	434/1024
	434/1024
	434/1024
	434/1024
	434/1024

	Payload size (bits)
	24072
	48168
	11784
	24072
	48168

	Transport block CRC (bits)
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	24
	24
	24

	Number of code blocks - C
	3
	6
	2
	3
	6

	Code block size including CRC (bits) (Note 2)
	8056
	8056
	5928
	8056
	8056

	Total number of bits per slot
	57024
	114048
	27648
	57024
	114048

	Total symbols per slot
	14256
	28512
	6912
	14256
	28512

	NOTE 1:	DM-RS configuration type  = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS CDM groups without data is 2, Additional DM-RS position = pos1 with l0= 0 and l =8 as per Table 6.4.1.1.3-3 of TS 38.211 [5].
NOTE 2:  Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [15].

	



	Table 2.2-2: FRC parameters for FR2 PUSCH performance requirements, transform precoding disabled, Additional DM-RS position = pos1 and 2 transmission layers (16QAM, R=434/1024)

	Reference channel
	G-FR2-A4-16
	G-FR2-A4-17
	G-FR2-A4-18
	G-FR2-A4-19
	G-FR2-A4-20

	Subcarrier spacing [kHz]
	60
	60
	120
	120
	120

	Allocated resource blocks
	66
	132
	32
	66
	132

	CP-OFDM Symbols per slot (Note 1)
	8
	8
	8
	8
	8

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

	Code rate (Note 2)
	434/1024
	434/1024
	434/1024
	434/1024
	434/1024

	Payload size (bits)
	21504
	43032
	10504
	21504
	43032

	Transport block CRC (bits)
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	24
	24
	24

	Number of code blocks - C
	3
	6
	2
	3
	6

	Code block size including CRC (bits) (Note 2)
	7200
	7200
	5288
	7200
	7200

	Total number of bits per slot
	50688
	101376
	24576
	50688
	101376

	Total symbols per slot
	12672
	25344
	6144
	12672
	25344

	NOTE 1: DM-RS configuration type  = 1 with DM-RS duration = single-symbol DM-RS and the number of DM-RS CDM groups without data is 2, Additional DM-RS position = pos1 with l0= 0 and l =8 as per Table 6.4.1.1.3-3 of TS 38.211 [5].

	NOTE 2: Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [15].


[image: ]
Figure 2.1  FR2 PUSCH MCS12 2Tx2Rx demodulation with transform precoding disabled 

Table 2.2-3 Summary of ideal simulation result 
	BW
(MHz)
	SCS
(kHz)
	Number of TX antennas
	Number of demodulation branches
	Cyclic prefix
	Propagation conditions and correlation matrix (Annex G)
	Fraction of maximum throughput
	FRC
(Annex A)
	Additional DM-RS position
	PT-RS
	SNR (dB)

	
	
	
	
	
	
	
	
	
	
	ideal
	implementation

	

50
	

60
	2
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-6
	 pos0
	Yes
	[11.9]
	[14.9]

	
	
	
	
	
	
	
	
	
	No
	[11.3]
	[14.3]

	
	
	
	
	
	
	
	G-FR2-A4-16
	 pos1
	Yes
	[10.4]
	[13.4]

	
	
	
	
	
	
	
	
	
	No
	[10.0]
	[13.0]

	

100
	
	2
	2
	Normal
	TDLA30-300 Low
	70%
	G-FR2-A4-7
	pos0
	Yes
	[12.2]
	[15.2]

	
	
	
	
	
	
	
	
	
	No
	[11.6]
	[14.6]

	
	
	
	
	
	
	
	G-FR2-A4-17
	pos1
	Yes
	[10.4]
	[13.4]

	
	
	
	
	
	
	
	
	
	No
	[10.0]
	[13.0]

	

50
	





120
	2
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-8
	 pos0
	Yes
	[10.9]
	[13.9]

	
	
	
	
	
	
	
	
	
	No
	[10.5]
	[13.5]

	
	
	
	
	
	
	
	G-FR2-A4-18
	 pos1
	Yes
	[10.4]
	[13.4]

	
	
	
	
	
	
	
	
	
	No
	[10.0]
	[13.0]

	

100
	
	2
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-9
	pos0
	Yes
	[10.4]
	[13.4]

	
	
	
	
	
	
	
	
	
	No
	[10.0]
	[13.0]

	
	
	
	
	
	
	
	G-FR2-A4-19
	pos1
	Yes
	[9.7]
	[12.7]

	
	
	
	
	
	
	
	
	
	No
	[10.1]
	[13.1]

	

200
	
	2
	2
	Normal
	TDLA30-300 Low
	70 %
	G-FR2-A4-10
	 pos0
	Yes
	[10.6]
	[13.6]

	
	
	
	
	
	
	
	
	
	No
	[10.2]
	[13.2]

	
	
	
	
	
	
	
	G-FR2-A4-20
	 pos1
	Yes
	[10.2]
	[13.2]

	
	
	
	
	
	
	
	
	
	No
	[9.8]
	[12.8]



· Observation
· From Figure 2.1, only 60kHz SCS with DM-RS additional position 0 cases can’t reach 100% of maximum throughput, but they keep stable performance after reaching its highest point like other cases. There are a lot of margin between highest performance point and 70% of maximum performance point, so we can say the requirements based on these results are reliable.
· In Table 2.2-3, we deliver all ideal results and implementation results (adding 3dB to ideal results). From implementation results, all SNR at 70% of maximum throughput are around 13~15dB which is still quite below 20dB. Then all these cases become testable and reproducible if we apply FRC definition in Table 2.2-1 and Table 2.2-2. 
It can be confirmed that MCS12 is more suitable for those TBD and around 20dB cases than MCS16. We can use FRC definition like Table 2.2-1 and Table 2.2-2.

3. Conclusion
The FR2 PUSCH 2Tx2Rx demodulation with transform precoding disabled test cases have some TBD values and also have risk of not been tested due to around 20dB SNR.
If we replace MCS16 by MCS12 for these cases, we can get more reliable and practicable SNR at 70% of maximum throughput according to the simulation results.
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