[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #108bis 	R4-2316634
Xiamen, China, October 09 – 13, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	Simulation Results on HST FR2 Enhanced with Carrier Aggregation             
Agenda item:	5.12.4.2
Document for:	Information

[bookmark: _Toc116995841]Introduction
In RAN4#107, some companies including Nokia have provided preliminary simulation results on HST FR2 UE Demodulation PDSCH with Carrier Aggregation (CA), which are documented in [1]. It is worth to be mentioned here, that those early simulation results were without considering any impairments and/or additional margin. In RAN4#108, companies provided simulation results for the two cases, namely, with and without impairments. The simulation results from RAN4#108 is documented in [2]. Furthermore, the WF from RAN4#108 on HST FR2 PDSCH with CA is documented in [3].
Another related outcome from RAN4#108 is the simulation assumptions for HST FR2 PDSCH with CA. Those simulation assumptions in [5] will be used by companies to conduct simulation for HST FR2 PDSCH with CA, which results will be then discussed in RAN4#108bis to define the requirements. The agreed simulation assumptions from [5] for PDSCH with CA is provided in the Appendix for a direct reference. 

[bookmark: _Toc116995842]Discussion
In this paper, we provide our simulation results on HST FR2 Enhancement UE Demodulation PDSCH with CA. Our complete views and responses to the open issues in WF [3] can be found in our discussion paper [4].
The simulation results on HST FR2 UE Demodulation PDSCH with CA without impairments are tabulated in Table 1 below: 
[bookmark: _Ref146101522]Table 1. Simulation Results on HST FR2 PDSCH with CA without Impairments
	Test number
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Number of active PDSCH TCI states
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	FRC 1-1
	50 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	11,4

	1-2
	FRC 1-2
	100 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	11,5

	1-3
	FRC 1-3
	400 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	11,4

	1-4
	R.PDSCH.5-12.2 TDD
	200 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	10,5

	2-1
	FRC 2-1
	50 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	11,4

	2-2
	FRC 2-2
	100 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	11,5

	2-3
	FRC 2-3
	400 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	11,4

	2-4 
	R.PDSCH.5-12.1 TDD
	200 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	10,5



The simulation results on HST FR2 PDSCH with CA with impairments are tabulated in Table 2 below: 
[bookmark: _Ref134869288][bookmark: _Ref135057741]Table 2. Simulation Results for Different Test Cases for HST FR2 with CA with impairments
	Test number
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Number of active PDSCH TCI states
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	FRC 1-1
	50 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	14.1

	1-2
	FRC 1-2
	100 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	14.1

	1-3
	FRC 1-3
	400 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	13.1

	1-4
	R.PDSCH.5-12.2 TDD
	200 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	14.1

	2-1
	FRC 2-1
	50 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	14.1

	2-2
	FRC 2-2
	100 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	14.1

	2-3
	FRC 2-3
	400 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	13.1

	2-4 
	R.PDSCH.5-12.1 TDD
	200 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	14.1



As expected, the simulation results with impairments require higher SNR to achieve the same target performance of 70% throughput compared to without impairments. We provide our observations and proposals related to the simulation results above in [4].

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]In this paper, we provide our simulation results on HST FR2 UE Demodulation PDSCH with CA, in which the simulation results are now considering both with and without impairments. As expected, the simulation results with impairments require higher SNR than without impairments to achieve the same target performance of 70% throughput. 
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Appendix
 
Table A-1 Test Cases
	Test number
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Number of active PDSCH TCI states
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	FRC 1-1
	50 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	TBD

	1-2
	FRC 1-2
	100 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	TBD

	1-3
	FRC 1-3
	400 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	TBD

	1-4 (For information)
	R.PDSCH.5-12.2 TDD
	200 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-BI-B
	1
	2x2
	70
	13.9

	2-1
	FRC 2-1
	50 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	TBD

	2-2
	FRC 2-2
	100 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	TBD

	2-3
	FRC 2-3
	400 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	TBD

	2-4 (For information)
	R.PDSCH.5-12.1 TDD
	200 / 120
	64QAM, 0.43
	FR2.120-1
	HST-DPS-FR2-UNI-A
	2
	2x2
	70
	13.7



Table A-2. FRC for test 1 (HST-DPS-FR2-BI-B, single TCI states)
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.5-12.2 TDD (For information)
	FRC 1-1
	FRC 1-2
	FRC 1-3

	Channel bandwidth
	MHz
	200
	50
	100
	400

	Subcarrier spacing
	kHz
	120
	120
	120
	120

	Allocated resource blocks
	PRBs
	132
	32
	66
	264

	Number of consecutive PDSCH symbols
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	
	9
	9
	9
	9

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	
	13
	13
	13
	13

	For Slot i=1,2,3
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	Allocated slots per 2 frames
	
	124
	124
	124
	124

	MCS table
	
	64QAM
	64QAM
	64QAM
	64QAM

	MCS index
	
	17
	17
	17
	17

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	0.43
	0.43
	0.43
	0.43

	Number of MIMO layers
	
	2
	2
	2
	2

	Number of DMRS REs
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	
	18
	18
	18
	18

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	
	18
	18
	18
	18

	  For Slot i = 1,2,3
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	Overhead for TBS determination
	
	6
	6
	6
	6

	Information Bit Payload per Slot 
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	Bits
	57376
	[13832]
	[28680]
	[114776]

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	Bits
	90176
	[21504]
	[45096]
	[180376]

	  For Slot i = 1,2,3
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	Transport block CRC per Slot
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	Bits
	24
	24
	24
	24

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	Bits
	24
	24
	24
	24

	  For Slot i = 1,2,3
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	CBs
	7
	[2]
	[4]
	[15]

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	CBs
	11
	[3]
	[6]
	[22]

	  For Slot i = 1,2,3
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	Binary Channel Bits Per Slot
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	  For Slots i = 5 and 85 (Note 3)
	Bits
	181968
	[33408]
	[76632]
	[392640]

	  For Slots i = 6 and 86 (Note 3)
	Bits
	181968
	[33408]
	[76632]
	[f392640]

	  For Slot i, if mod(i, 5) = 3 for i from {7,…, 94,87, …, 159}
	Bits
	137808
	[33408]
	[68904]
	[275616]

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {7,…,84,87,…,159}
	Bits
	210672
	[51072]
	[105336]
	[421344]

	  For Slot i = 1,2,3
	Bits
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	Max. Throughput averaged over 2 frames
	Mbps
	508.251
	[121.433]
	[254.15]
	[1016.651]

	Note 1:	SS/PBCH block is transmitted in slot #0 with periodicity 20 ms
Note 2:	Slot i is slot index per 2 frames
Note 3:	Binary Channel Bits are calculated under assumption of 52 PRBs TRS allocation when the number of allocated resource blocks are more than 52.
Note 4:	SS/PBCH block is transmitted in slot #1, slot #2 and slot #3 with periodicity 20ms



Table A-3. FRC for test 2 (HST-DPS-FR2-UNI-A, two TCI state)
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.5-12.1 TDD (For information)
	FRC 2-1
	FRC 2-2
	FRC 2-3

	Channel bandwidth
	MHz
	200
	50
	100
	400

	Subcarrier spacing
	kHz
	120
	120
	120
	120

	Allocated resource blocks
	PRBs
	132
	32
	66
	264

	Number of consecutive PDSCH symbols
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	
	9
	9
	9
	9

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	
	13
	13
	13
	13

	For slot i = 1
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	For slot i = 2
	
	13
	13
	13
	13

	For slot i = 3
	
	9
	9
	9
	9

	Allocated slots per 2 frames
	
	126
	126
	126
	126

	MCS table
	
	64QAM
	64QAM
	64QAM
	64QAM

	MCS index
	
	17
	17
	17
	17

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	0.43
	0.43
	0.43
	0.43

	Number of MIMO layers
	
	2
	2
	2
	2

	Number of DMRS REs
	
	
	
	
	

	For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	
	18
	18
	18
	18

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	
	18
	18
	18
	18

	  For Slot i = 1
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	  For Slot i = 2
	
	18
	18
	18
	18

	  For Slot i = 3
	
	18
	18
	18
	18

	Overhead for TBS determination
	
	6
	6
	6
	6

	Information Bit Payload per Slot 
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	Bits
	57376
	[13832-]
	[28680]
	[114776]

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	Bits
	90176
	[21504]
	[45096]
	[180376]

	  For Slot i = 1
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	  For Slot i = 2
	
	90176
	[21504]
	[45096]
	[180376]

	  For Slot i = 3
	
	57376
	[13832]
	[28680]
	[114776]

	Transport block CRC per Slot
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	Bits
	24
	24
	24
	24

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	Bits
	24
	24
	24
	24

	  For Slot i = 1
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	  For Slot i = 2
	
	24
	24
	24
	24

	  For Slot i = 3
	
	24
	24
	24
	24

	Number of Code Blocks per Slot
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	CBs
	N/A
	N/A
	N/A
	N/A

	  For Slot i, if mod(i, 5) = 3 for i from {4,…, 159}
	CBs
	7
	[2]
	[4]
	[15]

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {5,…,159}
	CBs
	11
	[3]
	[6]
	[22]

	  For Slot i = 1
	
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	  For Slot i = 2
	
	11
	[2]
	[4]
	[15]

	  For Slot i = 3
	
	7
	[3]
	[6]
	[22]

	Binary Channel Bits Per Slot
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = 4 for i from {0,…,159}
	Bits
	N/A
	N/A
	N/A
	N/A

	  For Slots i = 5 and 85 (Note 3)
	Bits
	195696
	[41856]
	[90360]
	[406368]

	  For Slots i = 6 and 86 (Note 3)
	Bits
	195696
	[41856]
	[90360]
	[406368]

	  For Slot i, if mod(i, 5) = 3 for i from {7,…, 84, 87, …, 159}
	Bits
	137808
	[33408]
	[68904]
	[275616]

	  For Slot i, if mod(i, 5) = {0,1,2} for i from {7,…,84,87,…,159}
	Bits
	210672
	[51072]
	[105336]
	[421344]

	  For Slot i = 1
	Bits
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)
	N/A (Note 4)

	  For Slot i = 2
	
	210672
	[51072]
	[105336]
	[421344]

	  For Slot i = 3
	
	137808
	[33408]
	[68904]
	[275616]

	Max. Throughput averaged over 2 frames
	Mbps
	515.629
	[123.2]
	[257.839]
	[1031.409]

	Note 1:	SS/PBCH block is transmitted in slot #0 with periodicity 20 ms
Note 2:	Slot i is slot index per 2 frames
Note 3:	Binary Channel Bits are calculated under assumption of 52 PRBs TRS allocation when the number of allocated resource blocks are more than 52.
Note 4:	SS/PBCH block is transmitted in slot #1 with periodicity 20ms



Table A-4. Test parameters
	[bookmark: _Hlk92186407]Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDCCH configuration
	TCI state
	
	Note 1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S)
	
	1

	
	Length (L)
	
	Specific to each Reference channel

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	
	TCI state
	
	Note 1

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CSI-RS for tracking
	Resource set #1
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0 for CSI-RS resource 1,2,3,4

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 5 for CSI-RS resource 1 and 3

	
	
	
	
	l0 = 9 for CSI-RS resource 2 and 4

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 1,2,3,4

	
	
	CSI-RS offset
	Slots
	5 for CSI-RS resource 1 and 2

	
	
	
	
	6 for CSI-RS resource 3 and 4

	
	
	QCL info
	
	TCI state #4

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #2
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0 for CSI-RS resource 5,6,7,8

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 4 for CSI-RS resource 5 and 6

	
	
	
	
	l0 = 8 for CSI-RS resource 7 and 8

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 5,6,7,8

	
	
	CSI-RS offset
	Slots
	5 for CSI-RS resource 5 and 6

	
	
	
	
	6 for CSI-RS resource 7 and 8

	
	
	QCL info
	
	TCI state #5

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #3
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	1 for CSI-RS resource 9,10,11,12

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 5 for CSI-RS resource 9 and 11

	
	
	
	
	l0 = 9 for CSI-RS resource 10 and 12

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 9,10,11,12

	
	
	CSI-RS offset
	Slots
	5 for CSI-RS resource 9 and 10

	
	
	
	
	6 for CSI-RS resource 11 and 12

	
	
	QCL info
	
	TCI state #6

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #4
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	1 for CSI-RS resource 13,14,15,16

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 4 for CSI-RS resource 13 and 14

	
	
	
	
	l0 = 8 for CSI-RS resource 15 and 16

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 13,14,15,16

	
	
	CSI-RS offset
	Slots
	5 for CSI-RS resource 13 and 14

	
	
	
	
	6 for CSI-RS resource 15 and 16

	
	
	QCL info
	
	TCI state #7

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #13 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	2 for CSI-RS resource 17,18,19,20

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 5 for CSI-RS resource 17 and 19

	
	
	
	
	l0 = 9 for CSI-RS resource 18 and 20

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 17,18,19,20

	
	
	CSI-RS offset
	Slots
	5 for CSI-RS resource 17 and 18

	
	
	
	
	6 for CSI-RS resource 19 and 20

	
	
	QCL info
	
	TCI state #12

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #14 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	2 for CSI-RS resource 21,22,23,24

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 4 for CSI-RS resource 21 and 22

	
	
	
	
	l0 = 8 for CSI-RS resource 23 and 24

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 21,22,23,24

	
	
	CSI-RS offset
	Slots
	5 for CSI-RS resource 21 and 22

	
	
	
	
	6 for CSI-RS resource 23 and 24

	
	
	QCL info
	
	TCI state #13

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #15 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	3 for CSI-RS resource 25,26,27,28

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 5 for CSI-RS resource 25 and 27

	
	
	
	
	l0 = 9 for CSI-RS resource 26 and 28

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 25,26,27,28

	
	
	CSI-RS offset
	Slots
	5 for CSI-RS resource 25 and 26

	
	
	
	
	6 for CSI-RS resource 27 and 28

	
	
	QCL info
	
	TCI state #14

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	
	Resource set #16 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	3 for CSI-RS resource 29,30,31,32

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 4 for CSI-RS resource 29 and 30

	
	
	
	
	l0 = 8 for CSI-RS resource 31 and 32

	
	
	CSI-RS periodicity
	Slots
	80 for CSI-RS resource 29,30,31,32

	
	
	CSI-RS offset
	Slots
	5 for CSI-RS resource 29 and 30

	
	
	
	
	6 for CSI-RS resource 31 and 32

	
	
	QCL info
	
	TCI state #15

	
	
	Frequency Occupation
	
	Start PRB 0

	
	
	
	
	Number of PRB =ceil(BWP size/4)*4

	NZP CSI-RS for CSI acquisition
	Resource set #5
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #0

	
	Resource set #6
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	2

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #1

	
	Resource set #7
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	4

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #2

	
	Resource set #8
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	6

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #3

	
	Resource set #17 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 13

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #8

	
	Resource set #18 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	2

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 13

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #9

	
	Resource set #19 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	4

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 13

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #10

	
	Resource set #20 (Note2)
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	6

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 13

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #11

	CSI-RS for beam refinement
	Resource set #9
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=0 for CSI-RS resource 1,2

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 8 for CSI-RS resource 1
l0 = 9 for CSI-RS resource 2

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #0

	
	Resource set #10
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=1 for CSI-RS resource 3,4

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 8 for CSI-RS resource 3
l0 = 9 for CSI-RS resource 4

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #1

	
	Resource set #11
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=2 for CSI-RS resource 5,6

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 8 for CSI-RS resource 5
l0 = 9 for CSI-RS resource 6

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #2

	
	Resource set #12
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=3 for CSI-RS resource 7,8

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 8 for CSI-RS resource 7
l0 = 9 for CSI-RS resource 8

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	0

	
	
	QCL info
	
	TCI state #3

	
	Resource set #21 (Note2)
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=0 for CSI-RS resource 9,10

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 10 for CSI-RS resource 9
l0 = 11 for CSI-RS resource 10

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #8

	
	Resource set #22 (Note2)
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=1 for CSI-RS resource 11,12

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 10 for CSI-RS resource 11
l0 = 11 for CSI-RS resource 12

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #9

	
	Resource set #23 (Note2)
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=2 for CSI-RS resource 13,14

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 10 for CSI-RS resource 13
l0 = 11 for CSI-RS resource 14

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #10

	
	Resource set #24 (Note2)
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=3 for CSI-RS resource 15,16

	
	
	First OFDM symbol in the PRB used for CSI-RS
	
	l0 = 10 for CSI-RS resource 15
l0 = 11 for CSI-RS resource 16

	
	
	CSI-RS periodicity
	Slots
	160

	
	
	CSI-RS offset
	Slots
	1

	
	
	QCL info
	
	TCI state #11

	[bookmark: _Hlk92186216]TCI state #0
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking Resource set #1' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking Resource set #1' configuration

	
	
	QCL Type
	
	Type D

	TCI state #1
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 5 from 'CSI-RS for tracking Resource set #2' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 5 from 'CSI-RS for tracking Resource set #2' configuration

	
	
	QCL Type
	
	Type D

	TCI state #2
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 9 from 'CSI-RS for tracking Resource set #3' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 9 from 'CSI-RS for tracking Resource set #3' configuration

	
	
	QCL Type
	
	Type D

	TCI state #3
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 13 from 'CSI-RS for tracking Resource set #4' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 13 from 'CSI-RS for tracking Resource set #4' configuration

	
	
	QCL Type
	
	Type D

	TCI state #8 (Note2)
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 17 from 'CSI-RS for tracking Resource set #13' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 17 from 'CSI-RS for tracking Resource set #13' configuration

	
	
	QCL Type
	
	Type D

	TCI state #9 (Note2)
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 21 from 'CSI-RS for tracking Resource set #14' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 21 from 'CSI-RS for tracking Resource set #14' configuration

	
	
	QCL Type
	
	Type D

	TCI state #10 (Note2)
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 25 from 'CSI-RS for tracking Resource set #15' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 25 from 'CSI-RS for tracking Resource set #15' configuration

	
	
	QCL Type
	
	Type D

	TCI state #11 (Note2)
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 29 from 'CSI-RS for tracking Resource set #16' configuration

	
	
	QCL Type
	
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	CSI-RS resource 29 from 'CSI-RS for tracking Resource set #16' configuration

	
	
	QCL Type
	
	Type D

	TCI state #4
	Type 1 QCL information
	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type D

	TCI state #5
	Type 1 QCL information
	SSB index
	
	SSB #1

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #1

	
	
	QCL Type
	
	Type D

	TCI state #6
	Type 1 QCL information
	SSB index
	
	SSB #2

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #2

	
	
	QCL Type
	
	Type D

	TCI state #7
	Type 1 QCL information
	SSB index
	
	SSB #3

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #3

	
	
	QCL Type
	
	Type D

	TCI state #12 (Note2)
	Type 1 QCL information
	SSB index
	
	SSB #4

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #4

	
	
	QCL Type
	
	Type D

	TCI state #13 (Note2)
	Type 1 QCL information
	SSB index
	
	SSB #5

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #5

	
	
	QCL Type
	
	Type D

	TCI state #14 (Note2)
	Type 1 QCL information
	SSB index
	
	SSB #6

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #6

	
	
	QCL Type
	
	Type D

	TCI state #15 (Note2)
	Type 1 QCL information
	SSB index
	
	SSB #7

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	SSB #7

	
	
	QCL Type
	
	Type D

	Number of HARQ Processes
	
	8

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	Specific to each TDD UL-DL pattern and as defined in TS38.101-4 Annex A.1.3

	Note 1: For Test 1-x, SSB # (2k mod 8) , CSI-RS (for tracking) resource set # ((k mod 4)+1), CSI-RS (for CSI acquisition) resource set # ((k mod 4) + 5) and CSI-RS (for beam refinement) resource set # ((k mod 4) + 9) are transmitted by kth RRH; SSB # ((2k mod 8)+1) , CSI-RS (for tracking) resource set # ((k mod 4) + 13), CSI-RS (for CSI acquisition) resource set # ((k mod 4) + 17) and CSI-RS (for beam refinement) resource set # ((k mod 4) + 21) are transmitted by kth RRH. TCI state switching command scheduled by MAC CE with MCS 4 is transmitted in slot #i that satisfy (i≠0). PDCCH and PDSCH associated with TCI # (k mod 4) is transmitted by kth RRH from slot#

to slot#
,
PDCCH and PDSCH associated with TCI # ((k mod 4)+8) is transmitted by kth RRH from slot#

to slot#
,
where k is the RRH number, n = 28800 is half of the number of slots between two RRH,  = 4 is the number of slots between PDSCH and corresponding HARQ-ACK information,   = 24 is the number of slots for MAC CE processing,  = 132 is the number of slots to first SSB transmission occasion after MAC CE command is decoded by the UE, = 16 is the number of slots for SSB processing,  = 66 is the number of slots to first TRS transmission occasion after first SSB is processed by the UE, = 16 is the number of slots for TRS processing. PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered.

For Test 1-2, SSB # (k mod 4) , CSI-RS (for tracking) resource set # ((k mod 4)+1), CSI-RS (for CSI acquisition) resource set # ((k mod 4) + 5) and CSI-RS (for beam refinement) resource set # ((k mod 4) + 9) are transmitted by kth RRH. TCI state switching command scheduled by MAC CE with MCS 4 is transmitted in slot #i that satisfy. PDCCH and PDSCH associated with TCI # (k mod 4) is transmitted by kth RRH from slot#

to slot#

[bookmark: _Hlk92190133]where k is the RRH number, n = 57600 is half of the number of slots between two RRH,  = 4 is the number of slots between PDSCH and corresponding HARQ-ACK information,   = 24 is the number of slots for MAC CE processing. PDCCH and PDSCH are DTXed in other slots in which throughput statistics are not considered.
Note 2: Only configured for Test 1-x.




