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1	Introduction
RAN4#107 agreed with the way forward on the UE demodulation requirements for intra-band non-colocated EN-DC/NR-CA deployments [1], where RAN4 agreed to define new Type 2 UE demodulation requirements with NR-CA assuming received power difference of 25dB and received time difference of 33us between two carriers.
This contribution discusses the detailed test setup for PDSCH demodulation requirements for Type 2 UE.  
2	Discussion
RAN4#107 agreed to define PDSCH demodulation requirements to verify the feature of Type 2 UE as follows [1].
	Test setup for Type 2 UE demodulation requirements
Agreement:
· Assume the power difference of 25dB and received time difference of 33us under the assumption that requirements introduced under static channel.
Test method for Type 2 UE demodulation requirements
Way forward:
· For NR-CA measure both PCell and SCell at same time. 
· Channel model: AWGN 
· FFS for Test criteria: Reuse X% of the maximum throughput
· FFS for How to select MCS for each carrier
· Interested companies are encouraged to propose test methods of UE demodulation requirements for NR-CA to verify Type 2 UE features.



PDSCH demodulation requirements in TS38.101-4 are basically defined by SNR to achieve X% of the theoretical throughput with the fixed reference channel (FRC) model under the fading channel condition, where RAN4 usually sets X=70% considering the alignments of the contributing companies simulation results.
On the other hand, PDSCH demodulation requirements for Type 2 UE with non-colocated deployment scenario needs to consider the following purposes according to WF [1]:
· Verify the PDSCH reception performance (i.e., throughputs) from two carriers simultaneously.
· Apply the receive power difference of 25dB between two carriers.
· Apply the receive time difference of 33us between two carriers.
For these purposes, we need to set different MCS indexes for each carrier so that the required SNR test point difference between two carriers is around 25dB. To find out the feasible MCS indexes and test metrics, we ran the PDSCH simulations based on the parameters shown in Table 1, where we investigated 64QAM MCS table (MCS index table 1) and 256QAM MCS table (MCS index table 2). Since the channel model is static according to WF, we do not enable HARQ retransmission. 
[bookmark: _Ref140151672]Table 1	PDSCH simulation parameters
	Parameters
	Values

	Carrier frequency 
	3.5 GHz (Bands n77/n78)

	SCS/CBW
	30kHz / 40MHz

	Antenna configuration
	2x2

	Channel model
	Static condition (TS38.101-4 B.1.1)

	TDD Pattern
	7DS2U, S=6D4G4U
No PDSCH schedule in special slots

	Rank
	2

	Number of additional DMRS
	1

	Maximum number of HARQ transmission
	1

	MCS tables 
	Case 1: 64QAM (MCS index table 1)
Case 2: 256QAM (MCS index table 2)
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	(a) MCS index table 1 (64QAM)
	(b) MCS index table 2 (256QAM)


[bookmark: _Ref141798217]Figure 1	PDSCH simulation results. 
Figure 1 shows the PDSCH simulation results per MCS index for each MCS index table. From the simulation results, it is observed 64QAM MCS table does not have enough dynamic range covering the received power difference of 25dB. For example, even if we choose MCS0 and MCS26, the SNR difference with 70% of peak rate is about 23dB. Considering the REFSENS is set around SNR=-1dB, we would like to avoid setting lower MCS indexes such as 0, 1, or 2 because the required SNR is less than -3dB.
Observation 1: 64QAM MCS table (MCS index table 1) is not suitable for verifying the receive power difference of 25dB.
On the other hand, we observe 256QAM MCS table has enough dynamic range to cover the received power difference of 25dB. For example, if we consider the SNR test points to achieve 70% of peak rate, SNR=-1.1dB for MCS2 (QPSK CR=0.30) and SNR=+23.4dB for MCS24 (256QAM CR=0.82). Since we don’t enable HARQ retransmission and use static channel model, we don’t see significant SNR difference if we set 80% or 90% of peak rate. 
Proposal 1: Use 256QAM MCS table (MCS index table 2) for Type 2 UE PDSCH demodulation requirements for non-colocated NR-CA scenario.
Proposal 2: Define the PDSCH demodulation requirements for non-colocated NR-CA deployment scenario as follows.
· For Type 2 UE, the throughput shall be ≥ [70] % of the maximum throughput with the fixed reference channels at the specified SNR test points.
· Decide MCS indexes for both carriers according to the simulation results, e.g., set [MCS 24] for PCell and [MCS 2] for SCell.
	Cell type
	CBW/SCS
	MCS, rank (MCS index table 2)
	Propagation channel and antenna correlation
	Fraction of maximum throughput 
	SNR (dB)

	SCell
	40MHz/30kHz
	[MCS 2, rank 2]
	2x2 static condition (TS38.101-4 B.1.1)
	[70%]
	TBD

	PCell
	40MHz/30kHz
	[MCS 24, rank 2]
	2x2 static condition (TS38.101-4 B.1.1)
	[70%]
	TBD + 25dB

	Note 1	33 µsec timing difference between two CCs is applied.
Note 2	No HARQ retransmission



3	Summary
Observation 1: 64QAM MCS table (MCS index table 1) is not suitable for verifying the receive power difference of 25dB.
Proposal 1: Use 256QAM MCS table (MCS index table 2) for Type 2 UE PDSCH demodulation requirements for non-colocated NR-CA scenario.
Proposal 2: Define the PDSCH demodulation requirements for non-colocated NR-CA deployment scenario as follows.
· For Type 2 UE, the throughput shall be ≥ [70] % of the maximum throughput with the fixed reference channels at the specified SNR test points.
· Decide MCS indexes for both carriers according to the simulation results, e.g., set [MCS 24] for PCell and [MCS 2] for SCell.
	Cell type
	CBW/SCS
	MCS, rank (MCS index table 2)
	Propagation channel and antenna correlation
	Fraction of maximum throughput 
	SNR (dB)

	SCell
	40MHz/30kHz
	[MCS 2, rank 2]
	2x2 static condition (TS38.101-4 B.1.1)
	[70%]
	TBD

	PCell
	40MHz/30kHz
	[MCS 24, rank 2]
	2x2 static condition (TS38.101-4 B.1.1)
	[70%]
	TBD + 25dB

	Note 1	33 µsec timing difference between two CCs is applied.
Note 2	No HARQ retransmission



We have presented the possible PDSCH demodulation requirements to be specified in TS38.101-4 for information.
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Appendix – Text proposal for UE demodulation requirements in TS38.101-4 (For information)
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The performance requirements in Table 5.1.1.7.X-1 shall apply for UEs which support optional UE features only.
Table 5.1.1.7.X-1: Applicability and test rules for intra-band non-contiguous CA UE demodulation tests
	UE feature/capability [14]
	CA combinations where the tests apply
	Test list
	PCell CC configuration
	Applicability notes

	Type 2 UE (intraBandNonColocatedCA-r18]
	CA_n77(2A)
CA_n78(2A)
	Clause 5.2A.2.X
	Any of CCs
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The performance requirements are specified in Table 5.2A.2.X-3, with the addition of test parameters in Table 5.2A.2.X-2 and the downlink physical channel setup according to Annex C.3.1.
The test purposes are specified in Table 5.2A.2.X-1.
Table 5.2A.2.X-1: Tests purpose
	Purpose
	Test index

	Verify the ability of NR-CA Type 2 UE ([intraBandNonColocatedCA-r18]) to demodulate the signal transmitted by the PCell and SCell in the presence of a stronger PCell signal on an adjacent frequency, and reception time difference between two cells. Throughput is measured on both the PCell and SCell simultaneously. 
	1



Table 5.2A.2.X-2: Test parameters
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Length (L)
	
	12 for DL slot, 4 for special slot

	
	PRB bundling size
	
	Wideband

	Number of HARQ Processes
	
	8

	Maximum number of HARQ transmission
	
	1

	Redundancy version coding sequence
	
	{0}

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	As defined in Table A.1.2-2 for FR1.30-1

	PUCCH format for HARQ-ACK feedback
	
	PUCCH format 1

	Overhead for TBS determination
	
	0

	SSB transmission
	
	Slot#0 with periodicity 20ms

	Timing offset of the SCell from the PCell
	µs
	33



Table 5.2A.2.X-3: Minimum performance for TDD CA with 30 kHz SCS
	Test number
	Cell type
	Reference
channel
	Bandwidth
(MHz) /
Subcarrier
spacing
(kHz)
	Modulation format and code rate 
	TDD UL-DL pattern
	Propagation channel and antenna correlation
	Fraction of maximum
throughput (%)
	SNR (dB)

	1
	SCell
	R.PDSCH.X.1 TDD
	40MHz/30kHz
	[QPSK 0.3]
	FR1.30-1
	2x2 static condition (TS38.101-4 B.1.1)
	[70%]
	TBD

	
	PCell
	R.PDSCH.X.2 TDD
	40MHz/30kHz
	[256QAM 0.82]
	FR1.30-1
	2x2 static condition (TS38.101-4 B.1.1)
	[70%]
	TBD + 25dB



Table A.3.2.2.2-X: PDSCH Reference Channel for TDD UL-DL pattern FR1.30-1 (CA power imbalance)
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.2-X.1 TDD
	R.PDSCH.2-X.2 TDD
	
	
	

	Channel bandwidth
	MHz
	40
	40
	
	
	

	Subcarrier spacing
	kHz
	30
	30
	
	
	

	Allocated resource blocks
	PRBs
	106
	106
	
	
	

	Number of consecutive PDSCH symbols
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	
	N/A
	N/A
	
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	
	4
	4
	
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	
	12
	12
	
	
	

	Allocated slots per 2 frames
	
	31
	31
	
	
	

	MCS table
	
	[256QAM]
	[256QAM]
	
	
	

	MCS index
	
	[2]
	[24]
	
	
	

	Modulation
	
	[QPSK]
	[256QAM]
	
	
	

	Target Coding Rate
	
	[0.30]
	[0.82]
	
	
	

	Number of MIMO layers
	
	[2]
	[2]
	
	
	

	Number of DMRS REs
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	
	N/A
	N/A
	
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	
	6
	6
	
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	
	12
	12
	
	
	

	Overhead for TBS determination
	
	0
	0
	
	
	

	Information Bit Payload per Slot 
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	Bits
	N/A
	N/A
	
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	Bits
	[5376]
	[58384]
	
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	Bits
	[16896]
	[184424]
	
	
	

	Transport block CRC per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	Bits
	N/A
	N/A
	
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	Bits
	24
	24
	
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	Bits
	24
	24
	
	
	

	Number of Code Blocks per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	CBs
	N/A
	N/A
	
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	CBs
	[1]
	[7]
	
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	CBs
	[3]
	[22]
	
	
	

	Binary Channel Bits Per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	Bits
	N/A
	N/A
	
	
	

	  For Slots i = 20, 21
	Bits
	53424
	213696
	
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	Bits
	17808
	71232
	
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,19,22,…,39}
	Bits
	55968
	223872
	
	
	

	Max. Throughput averaged over 2 frames
	Mbps
	[23.885]
	[260.649]
	
	
	

	Note 1:	SS/PBCH block is transmitted in slot #0 with periodicity 20 ms
Note 2:	Slot i is slot index per 2 frames
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