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[bookmark: _Toc116995841]Introduction
In [1], the way forward (WF) from the discussions on NCR (Network-Controlled Repeaters) demodulation in RAN4#107 is documented. Some of the agreements in the WF related to NCR-Mobile Termination (MT) on the PDSCH requirements are summarized below: 
	Issue 1-1-1: FR1 requirements
Agreement: 
· 10MHz for 15kHz SCS and 40MHz for 30kHz SCS for NCR-MT demodulation requirements.
· FFS whether need to consider 5MHz/15kHz

Issue 1-2-1: Test metric for FR1 and FR2
Agreement: 
· Both 1% BLER(1st transmission) and 70% maximum throughput using the same simulation configurations with maximum number of HARQ transmission=4
Issue 1-2-2: MCS
Agreement:  
· MCS 4 (QPSK) for FR1
· QPSK is the same as legacy UE for FR2



The agreement on Issue 1-2-1 above requires simulation to be conducted by interested companies for the already agreed performance metrics, which results then will be used to define the requirements. The yellow highlighted FFS on Issue 1-1-1, will also need simulation results from interested companies to support their consideration on having PDSCH requirements for 5MHz/15KHz in FR1. 
Some of the agreements in the WF related to NCR-Mobile Termination (MT) on the PDCCH requirements are summarized below:
	Issue 1-3-1: How to define PDCCH requirements
Agreements:
· Reuse UE requirements for FDD and TDD 
· FFS for adapt PDCCH requirement for testing of DCI type 5_0 used for access link beam change indication.

Issue 1-3-1:   PDCCH requirements
Agreement: 
· Reuse IAB-MT and legacy UE requirements as much as possible as baseline.
· FFS for adapt PDCCH requirement for testing of DCI type 2_8 used for access link beam change indication.
· Interesting companies can bring simulation results for DCI type 2_8.



As agreed on Issue 1-3-1, there is a need to have simulation for PDCCH requirements for testing DCI type 2_8. In addition to PDSCH simulation results, in this paper we also provide our simulation results on PDCCH.
[bookmark: _Toc116995842]Simulation Results on PDSCH Requirements 
In this paper, we provide simulation results on PDSCH requirements for the test metrics agreed in RAN4#107. Furthermore, we provide simulation results on PDSCH for 5MHz/15KHz to support the proposal on having requirements for NCR-MT 5MHz/15KHz in FR1. Our observations and proposals in details on the remaining open issues on NCR-MT demodulation can be found in [2].
As there are no details on the simulation parameters proposed by any companies in RAN4#107, we are using related simulation parameters of UE and IAB-MT PDSCH requirements as in [3] and [4]. They are provided in the Appendix below for references. 
Even though there are some requirements that can be reused from [3] and [4] for 70% throughput, as there is a new performance metric (1% BLER) being agreed in RAN4#107, there is a need to run simulation for both performance metrics. As agreed on Issue 1-2-1, to reduce the load of simulation campaign, both performance metrics to be evaluated are expected to come from the same simulation run. Hence, for 1% BLER we consider it from the 1st transmission without HARQ retransmission, while for 70% Throughput from the HARQ retransmission with number of retransmissions 4.
Furthermore, as discussed and agreed by the companies during online and offline discussions, companies will refer to current specifications of IAB-MT and UE and reuse as many as possible the requirements of IAB-MT and UE. As 3GPP specification in [4] provides only baseline requirements for TDD/30KHz case, for FDD/15 KHz the references are from [3], with some adaptation on the parameters as agreed for NCR-MT.
General Simulation Assumptions 
The WF from RAN4#106bis and RAN4#107 meeting in [5] and [1], respectively, have documented several assumptions that need to be considered in the simulation. The summary of the agreed simulation assumptions for NCR-MT from [1] and [5] is given below:
· TDD for both NR FR1 and FR2, FDD for NR FR1.
· FDD/15 KHz and TDD/30 KHz for 1 layer (reusing/adapting requirements for IAB-MT). 
· 10M/15kHz; 40M/30kHz 
· FFS whether need to consider additional CHBW 5MHz/15kHz
· FR2: (Reuse IAB-MT) Rank 1 with 100MHz/120kHz
· Single-slot FRCs (similar as IAB-MT).
· TDD and FDD pattern: Default pattern can be reused from IAB-MT.
· Additional requirements which are not in IAB-MT: Based on Rel-15 UE performance requirements.
· QPSK and 16QAM
· Rank 1
· Antenna configuration: 
· 2x2 and 2x4 for FR1 
· 2x2 for FR2 
· Propagation conditions:
· TDLA30-10 FR1
· TDLA30-75 FR2
· Mapping type A
· PRB bundling size 2
· Receiver type: MMSE-IRC
· PDSCH requirements
· Test metric for FR1 and FR2
· Both 1% BLER(1st transmission) and 70% maximum throughput using the same simulation configurations with maximum number of HARQ transmission=4
· MCS
· MCS 4 (QPSK) for FR1
· QPSK is the same as legacy UE for FR2
· PDCCH requirements
· FFS for adapt PDCCH requirement for testing of DCI type 2_8 used for access link beam change indication.

PDSCH Simulation in FR1
[bookmark: _Hlk142558503]In the following, we provide the results of our simulation on NCR PDSCH requirements in FR1, i.e., using FR1 FRCs. We will first provide the simulation results on TDD, followed by FDD. In the caption of each table of simulation results, we also provide the corresponding table of parameters used in the simulation. The tables of parameters are provided in Appendix A, which can be used as proposals for parameters in the final specification for NCR PDSCH specifications in FR1.
PDSCH FR1 TDD
Simulation results on NCR-MT PDSCH FR1 TDD are tabulated below:

Table 1. Minimum requirements for PDSCH Type A with Rank 1 2x4 (Use Table A-1)
	FRC (Table A- 2)
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Propagation conditions 
	Antenna configuration
	Fraction of maximum throughput (%)
	SNR
(dB)
	BLER
(%)
	SNR
(dB)

	M-FR1-A.3.1-1
	40/30
	TDLA30-10
	2x4, ULA Low
	70
	1.72
	1
	4.09



Table 2. Minimum requirements for PDSCH with Rank 1, 40 MHz Channel Bandwidth, 30 kHz SCS 2x2 (Use Table A-3)
	Number of TX antennas
	Number of demodulation branches
	Propagation conditions and correlation matrix 
	FRC
(Table A-2)
	Fraction of maximum throughput (%)
	SNR
(dB)
	BLER
(%)
	SNR
(dB)

	2
	2
	TDLA30-10, ULA Low
	M-FR1-A.3.1-1
	70
	4.09
	1
	7.19



Table 3. Minimum performance for Rank 1 2x2 (Use Table A-8)
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	BLER
(%)
	SNR
(dB)

	R.PDSCH.2-1.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-1A
	TDLA30-10
	2x2, ULA Low
	70
	-2.79
	1
	-0.13

	R.PDSCH.2-1.2 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-1
	TDLA30-10
	2x2, ULA Low
	70
	-2.06
	1
	5.35

	R.PDSCH.2-2.1 TDD
	40 / 30
	16QAM, 0.48
	FR1.30-1
	TDLA30-10
	2x2, ULA Low
	70
	4.39
	1
	8.06

	R.PDSCH.2-5.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-2
	TDLA30-10
	2x2, ULA Low
	70
	-2.87
	1
	-0.22

	R.PDSCH.2-6.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-3
	TDLA30-10
	2x2, ULA Low
	70
	-2.84
	1
	-0.31

	R.PDSCH.2-11.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-5
	TDLA30-10
	2x2, ULA Low
	70
	-2.79
	1
	-0.33

	R.PDSCH.2-12.1 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-6
	TDLA30-10
	2x2, ULA Low
	70
	-2.79
	1
	-0.36




PDSCH FR1 FDD
Simulation results on NCR-MT PDSCH FR1 FDD are tabulated below:

[bookmark: _Hlk142348633]Table 4. Minimum performance for Rank 1 2x2 (Use Table A-6)
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	BLER
(%)
	SNR
(dB)

	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	TDLA30-10
	2x2, ULA Low
	70
	-2.39
	1
	0.6

	R.PDSCH.1-1.2 FDD
	10 / 15
	QPSK, 0.30
	TDLA30-10
	2x2, ULA Low
	70
	-1.38
	1
	6.88



Table 5. Minimum performance for Rank 1 2x4 (Use Table A-7)
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	BLER
(%)
	SNR
(dB)

	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	TDLA30-10
	2x4, ULA Low
	70
	-4.77
	1
	-2.09

	R.PDSCH.1-1.2 FDD
	10 / 15
	QPSK, 0.30
	TDLA30-10
	2x4, ULA Low
	70
	-4.25
	1
	0.65

	R.PDSCH.1-2.1 FDD
	10 / 15
	16QAM, 0.48
	TDLA30-10
	2x4, ULA Low
	70
	1.66
	1
	4.98



PDSCH Simulation in FR2
In the following, we provide our simulation results of NCR PDSCH requirements in FR2, i.e., using FR2 FRCs. They are tabulated below, and the tables of parameters are provided in Appendix A which can be used as proposals for parameters in the final specification for NCR PDSCH specifications for FR2.
Table 6. Minimum requirements for PDSCH with Rank 1, 100 MHz Channel Bandwidth, 120 kHz SCS 2x2 (Table A-4)
	Number of TX antennas
	Number of demodulation branches
	Propagation conditions and correlation matrix 
	FRC
(Table A-5)
	Fraction of maximum throughput (%)
	SNR
(dB)
	BLER
(%)
	SNR
(dB)

	2
	2
	TDLA30-75, ULA Low
	M-FR2-A.3.1-2
	70
	3.86
	1
	5.27



Table 7. Minimum performance for Rank 1 (FRC) 2x2 (Use Table A-9)
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNRBB (dB)
	BLER
(%)
	SNR
(dB)

	R.PDSCH.5-1.1 TDD
	100 / 120
	QPSK, 0.30
	FR2.120-1A
	TDLA30-75, ULA Low
	2x2 ULA Low
	70
	-3.24
	1
	-2.31

	R.PDSCH.5-2.1 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-75, ULA Low
	2x2 ULA Low
	70
	4.24
	1
	5.3



PDSCH Simulation for 5 MHz/15 KHz Case
Additionally, as 5MHz/15KHz has been agreed in [1] as FFS, we need to run simulation for 5MHz/15KHz. As 15KHz SCS is agreed to be used for requirements in FDD, the simulation for 5MHz needs to take test parameters for FDD in 2RX and 4RX cases. In our simulation, we are using the same simulation parameters as for 10 MHz/15KHz, but with halving the number of the resource blocks. Table 8 and Table 9 shows the simulation results for 5MHz/15KHz case.  
[bookmark: _Ref142548413]Table 8. Minimum performance for Rank 1 2x2 (Use Table A-6)
	Reference channel/Number of RBs
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	BLER
(%)
	SNR
(dB)

	R.PDSCH.1-1.1 FDD/25
	5 / 15
	QPSK, 0.30
	TDLA30-10
	2x2, ULA Low
	70
	-1.44
	1
	4.12

	R.PDSCH.1-1.2 FDD/6
	5 / 15
	QPSK, 0.30
	TDLA30-10
	2x2, ULA Low
	70
	-1.07
	1
	6.76



[bookmark: _Ref142548416]Table 9. Minimum performance for Rank 1 2x4 (Use Table A-7)
	Reference channel/Number of RBs
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
	BLER
(%)
	SNR
(dB)

	R.PDSCH.1-1.1 FDD/25
	5 / 15
	QPSK, 0.30
	TDLA30-10
	2x4, ULA Low
	70
	-4.04
	1
	-0.55

	R.PDSCH.1-1.2 FDD/6
	5 / 15
	QPSK, 0.30
	TDLA30-10
	2x4, ULA Low
	70
	-3.84
	1
	0.16

	R.PDSCH.1-2.1 FDD/25
	5 / 15
	16QAM, 0.48
	TDLA30-10
	2x4, ULA Low
	70
	1.80
	1
	5.74



Simulation Results on PDCCH Requirements
As stated in the WF [1], companies are encouraged to provide simulation results on PDCCH for DCI Type 2_8. In [2], we have provided our observations and proposals related to the need of having new PDCCH requirements for NCR-MT due to the use of DCI Type 5_0/2_8, which has higher payload than DCI Type 1_0 and 1_1 that are currently available in the specifications. In this paper, we provide our simulation results of PDCCH for DCI Type 5_0/2_8, in which we adapt the DCI payload size according to the maximum value for DCI Type 5_0/2_8, which is 128 bits. 
PDCCH Simulation in FR1
We will first provide the simulation results on TDD, followed by FDD. In the caption of each table of simulation results, we also provide the corresponding table of parameters used in the simulation. The tables of parameters are provided in Appendix B, which can be used as proposals for parameters in the final specification for NCR PDCCH specifications in FR1.

PDCCH FR1 TDD
Simulation results on NCR-MT PDCCH FR1 TDD are tabulated below:

[bookmark: _Hlk137829993]Table 10. Minimum performance for PDCCH with 30 kHz SCS 1x2 Low (Use Table A-10)
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	40 
	102
	1
	2
	R.PDCCH. x-y.1 TDD
	TDLA30-10
	1x2 Low
	1
	10.6

	40 
	102
	1
	4
	R.PDCCH. x-y.2 TDD
	TDLA30-10
	1x2 Low
	1
	4.5



Table 11. Minimum performance for PDCCH with 30 kHz SCS 2x2 Low (Use Table A-10)
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel (Table A-11)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	40 
	90
	1
	8
	R.PDCCH. x-y.3 TDD
	TDLA30-10
	2x2 Low
	1
	1.4



Table 12. Minimum performance for PDCCH with 30 kHz SCS 1x4 Low (Use Table A-10)
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel (Table A-11)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	40 
	102
	1
	2
	R.PDCCH. x-y.1 TDD
	TDLA30-10
	1x4 Low
	1
	3.2

	40 
	102
	1
	4
	R.PDCCH. x-y.2 TDD
	TDLA30-10
	1x4 Low
	1
	-0.8



[bookmark: _Hlk142556499]Table 13. Minimum performance for PDCCH with 30 kHz SCS 2x4 Low (Use Table A-10)
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel (Table A-11)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	40 
	90
	1
	8
	R.PDCCH. x-y.3 TDD
	TDLA30-10
	2x4 Low
	1
	-3.5



PDCCH FR1 FDD
Simulation results on NCR-MT PDSCH FR1 FDD are tabulated below:

Table 14. Minimum performance for PDCCH with 15 kHz SCS 1x2 Low (Use Table A-10)
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel (Table A- 13)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	10 
	24
	2
	2
	R.PDCCH. x-2.1 FDD
	TDLA30-10
	1x2 Low
	1
	12.2

	10 
	48
	2
	4
	R.PDCCH. x-2.4 FDD
	TDLA30-10
	1x2 Low
	1
	7.7



Table 15. Minimum performance for PDCCH with 15 kHz SCS 2x2 Low (Use Table A-10)
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel (Table A-12)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	10 
	48
	1
	8
	R.PDCCH.x-1.3 FDD
	TDLA30-10
	[bookmark: _Hlk142554524]2x2 Low
	1
	3.4



Table 16. Minimum performance for PDCCH with 15 kHz SCS 1x4 Low (Use Table A-10)
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel (Table A- 13)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	10 
	24
	2
	2
	R.PDCCH. x-2.1 FDD
	TDLA30-10
	[bookmark: _Hlk142554537]1x4 Low
	1
	4.4

	10 
	48
	2
	4
	R.PDCCH. x-2.4 FDD
	TDLA30-10
	1x4 Low
	1
	0.7



Table 17. Minimum performance for PDCCH with 15 kHz SCS 2x4 Low (Use Table A-10)
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel (Table A-12)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	10 
	48
	1
	4  8
	R.PDCCH.x-1.2 FDD
	TDLA30-10
	2x4 Low
	1
	-2.0



PDCCH Simulation in FR2
In the caption of each table of simulation results, we also provide the corresponding table of parameters used in the simulation. The tables of parameters are provided in the Appendix B which can be used as proposals for parameters in the final specification for NCR PDCCH specifications in FR2.
Table 18. Minimum performance requirements with 120 kHz SCS Table A-14
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel (Table A-15)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNRBB (dB)

	100 
	60
	1
	2 
	R.PDCCH. z-1.1 TDD
	TDLA30-75
	1x2 Low
	1
	9.5

	100 
	60
	1
	4 
	R.PDCCH. z-1.2 TDD
	TDLA30-75
	1x2 Low
	1
	3.7



Table 19. Minimum performance requirements with 120 kHz SCS Table A-14
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel (Table A-15)
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNRBB (dB)

	100 
	60
	1
	8 
	R.PDCCH. z-1.3 TDD 
	TDLA30-75
	2x2 Low
	1
	0.3




[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849][bookmark: _Hlk142306737]In this paper, we provide our simulation results for NCR-MT PDSCH and PDCCH demodulation requirements. The PDSCH simulation results take into account the new agreed metrics, namely, BLER 1%. The PDCCH simulation results are using the payload size of DCI Type 5_0/2_8. It can be seen that with the higher number of payload size of DCI 5_0/2_8, higher SNR is required as compared to DCI Type 1_0 and 1_1 specified in IAB and UE specifications. More on our observations and proposal can be found in [2].
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[bookmark: _Hlk142406904]Appendix A. Simulation Parameters for PDSCH
[bookmark: _Hlk142554329]In this Appendix A, we provide the simulation parameters used in our simulation for PDSCH. The tabulated parameters below are mainly from [3] and [4], and we propose RAN4 to use them for simulation alignment between companies to define NCR-MT PDSCH requirements. 
Table A-1. Test parameters for testing PDSCH (Conducted)
	Parameter
	Value

	Cyclic prefix
	Normal

	Default TDD UL-DL pattern (Note 1)
	7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	DM-RS position (l0)
	2

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	1 for Rank 1 and Rank 2 tests
2 for Rank 3 and Rank 4 tests

	
	DM-RS port(s)
	{1000} for Rank 1 tests
{1000-1001} for Rank 2 tests
{1000-1002} for Rank 3 tests
{1000-1003} for Rank 4 tests

	
	DM-RS sequence generation
	NID0=0

	Time domain resource assignment
	PDSCH mapping type
	A

	
	Start symbol
	2

	
	Allocation length
	12

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	PT-RS configuration
	Not configured

	PRB bundling size
	2

	VRB-to-PRB mapping type
	Not interleaved

	PDSCH & PDSCH DMRS Precoding configuration
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity

	Note 1: 	The same requirements are applicable to TDD with different UL-DL patterns.



Table A-2. FRC parameters for FR1 PDSCH performance requirements, 1 transmission layers, 16QAM
	Parameter
	Unit

	Reference channel
	
	M-FR1-A.3.1-1

	Channel bandwidth
	MHz
	40

	Subcarrier spacing
	kHz
	30

	Allocated resource blocks
	PRBs
	106

	Number of consecutive PDSCH symbols
	
	12

	MCS table
	
	64QAM

	MCS index
	
	13

	Modulation
	
	16QAM

	Target Coding Rate
	
	0.48

	Number of MIMO layers
	
	1

	Number of DMRS REs
	
	12

	Overhead for TBS determination
	
	0

	Information Bit Payload per Slot 
	
	26632

	Transport block CRC per Slot
	
	24

	Number of Code Blocks per Slot
	
	4

	Binary Channel Bits Per Slot
	
	55968



	Table A-3. Test parameters for PDSCH testing (Radiated 1-O)
	Parameter
	Value

	Cyclic prefix
	Normal

	Default TDD UL-DL pattern (Note 1)
	7D1S2U, S=6D:4G:4U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	DM-RS position (l0)
	2

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	1 for Rank 1 and Rank 2 tests
2 for Rank 3 and Rank 4 tests

	
	DM-RS port(s)
	{1000} for Rank 1 tests
{1000-1001} for Rank 2 tests
{1000-1002} for Rank 3 tests
{1000-1003} for Rank 4 tests

	
	DM-RS sequence generation
	NID0=0

	Time domain resource assignment
	PDSCH mapping type
	A

	
	Start symbol
	2

	
	Allocation length
	12

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	PT-RS configuration
	Not configured

	PRB bundling size
	2

	VRB-to-PRB mapping type
	Not interleaved

	PDSCH & PDSCH DMRS Precoding configuration
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity

	Note 1:	The same requirements are applicable to TDD with different UL-DL patterns.
Note 2:	SSB, TRS, CSI-RS, and/or other unspecified test parameters with respect to TS 38.101-4 [28] are left up to test implementation, if transmitted or needed.



Table A-4. Test parameters for PDSCH testing (Radiated Type 2-O)
	Parameter
	Value

	Cyclic prefix
	Normal

	Default TDD UL-DL pattern (Note 1)
	3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	DM-RS position (l0)
	2

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	1

	
	DM-RS port(s)
	{1000} for Rank 1 tests
{1000-1001} for Rank 2 tests

	
	DM-RS sequence generation
	NID0=0

	Time domain resource assignment
	PDSCH mapping type
	A

	
	Start symbol
	1

	
	Allocation length
	13

	Frequency domain resource assignment
	RB assignment
	Full applicable test bandwidth

	PT-RS configuration
	Frequency density (KPT-RS)
	2

	
	Time density (LPT-RS)
	1

	PRB bundling size
	2

	VRB-to-PRB mapping type
	Not interleaved

	PDSCH & PDSCH DMRS Precoding configuration
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity

	Note 1:	The same requirements are applicable to TDD with different UL-DL patterns.
Note 2:	SSB, TRS, CSI-RS, and/or other unspecified test parameters with respect to TS 38.101-4 [28] are left up to test implementation, if transmitted or needed.



Table A-5. FRC parameters for FR2 PDSCH performance requirements, 1 transmission layers, 16QAM
	Parameter
	Unit

	Reference channel
	
	M-FR2-A.3.1-2

	Channel bandwidth
	MHz
	100

	Subcarrier spacing
	kHz
	120

	Allocated resource blocks
	PRBs
	66

	Number of consecutive PDSCH symbols
	
	13

	MCS table
	
	64QAM

	MCS index
	
	13

	Modulation
	
	16QAM

	Target Coding Rate
	
	0.48

	Number of MIMO layers
	
	1

	Number of DMRS REs
	
	12

	Overhead for TBS determination
	
	6

	Information Bit Payload per Slot 
	
	17424

	Transport block CRC per Slot
	
	24

	Number of Code Blocks per Slot
	
	3

	Binary Channel Bits Per Slot
	
	36564



[bookmark: _Ref142519654]Table A-6. Test parameters FDD 2RX
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	4 for Test 1-1
2 for other tests

	
	Resource allocation type
	
	Test 1-2: Type 1 with start RB = 23, LRBs = 6
Other tests: Type 0

	
	RBG size
	
	Test 1-2: N/A
Other tests: Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

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

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	2 for Tests 1-1, 1-5
1 for other tests

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CSI-RS for tracking
	CSI-RS periodicity
	Slots
	Test 1-5:
10 for CSI-RS resource 1,2,3,4.

Other tests: Table 5.2-1.

	
	CSI-RS offset
	Slots
	Test 1-5:
1 for CSI-RS resource 1 and 2
2 for CSI-RS resource 3 and 4.

Other tests: Table 5.2-1.

	Number of HARQ Processes
	
	8 for Test 1-4 
4 for other tests

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2



[bookmark: _Ref142519986]Table A-7. Test parameters 4RX
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	4 for Test 1-1
wideband for Test 3-1
2 for other tests

	
	Resource allocation type
	
	Test 1-2: Type 1 with start RB = 23, LRBs = 6
Other test: Type 0

	
	RBG size
	
	Test 1-2: N/A
Other tests: Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

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

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	2 for Test 1-1, 1-5
1 for other tests

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CSI-RS for tracking
	CSI-RS periodicity
	Slots
	Test 1-5:
10 for CSI-RS resource 1,2,3,4.

Other tests: Table 5.2-1.

	
	CSI-RS offset
	Slots
	Test 1-5:
1 for CSI-RS resource 1 and 2
2 for CSI-RS resource 3 and 4.

Other tests: Table 5.2-1.

	Number of HARQ Processes
	
	8 for Test 1-4
4 for other tests

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2



[bookmark: _Ref142520797]Table A-8. Test parameters TDD
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	Specific to each Reference channel

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	
4 for Tests 1-1, 1-8, 1-9
2 for other tests


	
	Resource allocation type
	
	Test 1-2: Type 1 with start RB = 50, LRBs = 6
Other tests: Type 0

	
	RBG size
	
	Test 1-2: N/A
Other tests: Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

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

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	2 for Tests 1-1, 1-7, 1-8, 1-9
1 for other tests

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CSI-RS for tracking
	First OFDM symbol in the PRB used for CSI-RS 
	
	Tests 1-8, 1-9:
l0 = 4 for CSI-RS resource 1 and 3
l0 = 8 for CSI-RS resource 2 and 4

Other tests; Table 5.2-1.

	
	CSI-RS periodicity
	Slots
	Test 1-7:
20 for CSI-RS resource 1,2,3,4.

Other tests: Table 5.2-1.

	
	CSI-RS offset
	Slots
	Test 1-7:
1 for CSI-RS resource 1 and 2
2 for CSI-RS resource 3 and 4.

Other tests: Table 5.2-1.

	
	Frequency Occupation
	
	Test 1-7:
Start PRB 0
Number of PRB = 52

Other tests: Table 5.2-1.

	Number of HARQ Processes
	
	16 for Test 1-4
10 for Test 1-9
8 for other tests

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	Specific to each TDD UL-DL pattern and as defined in Annex A.1.2



[bookmark: _Ref142521966]Table A-9. Test Parameters FR2
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	CSI-RS for tracking
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	For Test 1-1 and 1-2: 
3 for CSI-RS resource 1 and 3
7 for CSI-RS resource 2 and 4


	
	CSI-RS offset
	Slots
	For Test 1-2: 
82 for CSI-RS resource 1 and 2
83 for CSI-RS resource 3 and 4

	PDCCH configuration
	Number of PDCCH candidates and aggregation levels
	
	1/AL4 for Test 2-3
1/AL8 for other tests

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	Specific to each Reference channel as defined in A.3.2.2

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	wideband for Test 1-1,
2 for other tests

	
	Resource allocation type
	
	Test 2-1: Type 1 with start RB = 30, LRBs = 6
Other tests: Type 0

	
	RBG size
	
	Test 2-1: N/A
Other tests: Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

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

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	8 for Test 1-1, 1-3, 2-2, 2-4
10 for Test 2-1, 2-3, 2-5, 2-6, 3-1
16 for Test 1-2


	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	As defined in Annex A.1.3


Appendix B. Simulation Parameters for PDCCH
In this Appendix B, we provide the simulation parameters used in our simulation for PDCCH. The tabulated parameters below are mainly from [3] and [4], and we propose RAN4 to use them for simulation alignment between companies to define NCR-MT PDCCH requirements. 
[bookmark: _Ref142555189]Table A-10. Common test Parameters
	Parameter
	Unit
	Value

	Carrier configuration
	Offset between Point A and the lowest usable subcarrier on this carrier (Note 1)
	
	0

	DL BWP configuration #1
	Cyclic prefix
	
	Normal

	
	RB offset
	RBs
	0

	Common serving cell parameters
	Physical Cell ID
	
	0

	
	SSB position in burst
	
	First SSB in Slot #0

	
	SSB periodicity
	ms
	20

	PDCCH configuration
	Slots for PDCCH monitoring
	
	Each slot

	
	Number of PDCCH candidates
	
	1

	
	Frequency domain resource allocation for CORESET
	
	Start from RB = 0 with contiguous RB allocation

	
	TCI state
	
	TCI state #1

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	CSI-RS resource 1: 4
CSI-RS resource 2: 8
CSI-RS resource 3: 4
CSI-RS resource 4: 8

	
	Number of CSI-RS ports (X)
	
	1

	
	CDM Type
	
	No CDM

	
	Density (ρ)
	
	3

	
	CSI-RS periodicity
	Slots
	15 kHz SCS: 20
30 kHz SCS: 40

	
	CSI-RS offset
	Slots
	15 kHz SCS:
10 for CSI-RS resource 1 and 2
11 for CSI-RS resource 3 and 4

30 kHz SCS:
20 for CSI-RS resource 1 and 2
21 for CSI-RS resource 3 and 4

	
	Frequency Occupation
	
	Start PRB 0
Number of PRB = ceil(BWP size /4)*4

	
	QCL info
	
	TCI state #0

	TCI state #0
	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 #1
	Type 1 QCL information 
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking' configuration

	
	
	QCL Type
	
	Type A

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

	
	
	QCL Type
	
	Type D

	PDCCH Precoding configuration
	
	For number of TX = 1: No precoding;
For number of TX > 1: Single Panel Type I, Randomized precoder selection for every REG bundle and updated per slot with equal probability of each applicable i1/i2 combination or codebook
index, chosen from section 5.2.2.2.1 of TS 38.214 [12].

	Symbols for all unused REs
	
	OP.1 FDD as defined in Annex A.5.1.1
OP.1 TDD as defined in Annex A.5.2.1

	Physical signals, channels mapping and precoding
	
	As specified in Annex B.4.1

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2 for FDD.
For TDD, specific to each TDD UL-DL pattern and as defined in Annex A.1.2.



[bookmark: _Ref142556043]Table A-11. PDCCH Reference Channels TDD (Time domain allocation 1 symbol)
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDCCH.2-1.1 TDD
	R.PDCCH.2-1.2 TDD
	R.PDCCH.2-1.3 TDD
	R.PDCCH.x-y.1 TDD
	R.PDCCH.x-y.2 TDD
	R.PDCCH.x-y.3 TDD

	Subcarrier spacing
	kHz
	30
	30
	30
	30
	30
	30

	CORESET frequency domain allocation
	
	102
	102
	90
	102
	102
	90

	CORESET time domain allocation
	
	1
	1
	1
	1
	1
	1

	Aggregation level
	
	2
	4
	8
	2
	4
	8

	DCI Format
	
	1_0
	1_1
	1_1
	5_0/2_8
	5_0/2_8
	5_0/2_8

	Payload (without CRC)
	Bits
	41
	53
	53
	128
	128
	128



[bookmark: _Ref142557012]Table A-12. PDCCH Reference Channels FDD (Time domain allocation 1 symbol)
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDCCH.1-1.1 FDD
	R.PDCCH.1-1.2 FDD
	R.PDCCH.1-1.3 FDD
	R.PDCCH.x-1.1 FDD
	R.PDCCH.x-1.2 FDD
	R.PDCCH.x-1.3 FDD

	Subcarrier spacing
	kHz
	15
	15
	15
	15
	15
	15

	CORESET frequency domain allocation
	
	48
	48
	48
	48
	48
	48

	CORESET time domain allocation
	
	1
	1
	1
	1
	1
	1

	Aggregation level
	
	4
	4
	8
	2
	4
	8

	DCI Format
	
	1_0
	1_1
	1_1
	5_0/2_8
	5_0/2_8
	5_0/2_8

	Payload (without CRC)
	Bits
	39
	52
	52
	128
	128
	128



[bookmark: _Ref142556998]Table A- 13. PDCCH Reference Channel FDD (Time domain allocation 2 symbols)
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDCCH.1-2.1 FDD
	R.PDCCH.1-2.2 FDD
	R.PDCCH.1-2.3 FDD
	R.PDCCH.1-2.4 FDD
	R.PDCCH.1-2.5 FDD
	R.PDCCH.1-2.6 FDD
	R.PDCCH.x-2.1 FDD
	R.PDCCH.x-2.2 FDD
	R.PDCCH.x-2.3 FDD
	R.PDCCH.x-2.4 FDD
	R.PDCCH.x-2.5 FDD

	Subcarrier spacing
	kHz
	15
	15
	15
	15
	15
	15
	15
	15
	15
	15
	15

	CORESET frequency domain allocation
	
	24
	24
	24
	48
	48
	48
	24
	24
	24
	48
	48

	CORESET time domain allocation
	
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	Aggregation level
	
	2
	4
	2
	4
	8
	16
	2
	4
	2
	4
	8

	DCI Format
	
	1_0
	1_0
	1_1
	1_1
	1_1
	1_0
	5_0/2_8
	5_0/2_8
	5_0/2_8
	5_0/2_8
	5_0/2_8

	Payload (without CRC)
	Bits
	39
	39
	52
	52
	52
	39
	128
	128
	128
	128
	128



[bookmark: _Ref142557394]Table A-14. Common test Parameters FR2
	Parameter
	Unit
	Value

	Carrier configuration
	Offset between Point A and the lowest usable subcarrier on this carrier (Note 1)
	
	0

	DL BWP configuration #1
	Cyclic prefix
	
	Normal

	Common serving cell parameters
	Physical Cell ID
	
	0

	
	SSB position in burst
	
	First SSB in Slot #0

	
	SSB periodicity
	ms
	20

	PDCCH configuration
	Slots for PDCCH monitoring
	
	Each slot

	
	Number of PDCCH candidates
	
	1

	
	Frequency domain resource allocation for CORESET
	
	Start from RB = 0 with contiguous RB allocation

	
	TCI state
	
	TCI state #1

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	CSI-RS resource 1: 4
CSI-RS resource 2: 8
CSI-RS resource 3: 4
CSI-RS resource 4: 8

	
	Number of CSI-RS ports (X)
	
	1

	
	CDM Type
	
	No CDM

	
	Density (ρ)
	
	3

	
	CSI-RS periodicity
	Slots
	160

	
	CSI-RS offset
	Slots
	80 for CSI-RS resource 1 and 2
81 for CSI-RS resource 3 and 4

	
	Frequency Occupation
	
	Start PRB 0
Number of PRB = ceil(BWP size/4)*4

	
	QCL info
	
	TCI state #0

	NZP CSI-RS for beam refinement
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	0

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

	
	Number of CSI-RS ports (X)
	
	1

	
	CDM Type
	
	No CDM

	
	Density (ρ)
	
	3

	
	CSI-RS periodicity
	Slots
	120 kHz SCS: 160 for CSI-RS resource 1,2

	
	CSI-RS offset
	Slots
	0 for CSI-RS resource 1,2

	
	Frequency Occupation
	
	Start PRB 0
Number of PRB = ceil(BWP size/4) *4

	
	Repetition
	
	ON

	
	QCL info
	
	TCI state #1

	PDCCH & PDCCH DMRS Precoding configuration
	
	For number of TX = 1: No precoding;

For number of TX > 1: Single Panel Type I, Randomized precoder selection for every REG bundle and updated per slot with equal probability of each applicable i1/i2 combination or codebook
index, chosen from section 5.2.2.2.1 of TS 38.214 [12].

	TCI state #0
	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 #1
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking' configuration

	
	
	QCL Type
	
	Type A

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

	
	
	QCL Type
	
	Type D

	Physical signals, channels mapping and precoding
	
	As specified in Annex B.4.1

	Symbols for all unused REs
	
	OP.1 FDD as defined in Annex A.5.1.1
OP.1 TDD as defined in Annex A.5.2.1

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



[bookmark: _Ref142557511]Table A-15. PDCCH Reference Channels FR2 (Time domain allocation 1 symbol)
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDCCH.5-1.1 TDD
	R.PDCCH.5-1.2 TDD
	R.PDCCH.5-1.3 TDD
	R.PDCCH.z-1.1 TDD
	R.PDCCH.z-1.2 TDD
	R.PDCCH.z-1.3 TDD

	Subcarrier spacing
	kHz
	120
	120
	120
	120
	120
	120

	CORESET frequency domain allocation
	
	60
	60
	60
	60
	60
	60

	CORESET time domain allocation
	
	1
	1
	1
	1
	1
	1

	Aggregation level
	
	2
	4
	8
	2
	4
	8

	DCI Format
	
	1_0
	1_1
	1_1
	5_0/2_8
	5_0/2_8
	5_0/2_8

	Payload (without CRC)
	Bits
	40
	56
	56
	128
	128
	128







