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Introduction
In RAN4 #96e meeting WF on PDSCH demodulation requirements for Single-DCI based multi-TRP repetition Tx schemes was agreed [1]. The main outcome that demodulation performance requirements will be defined for some schemes, but appropriate selection should be further discussed. In this paper we provide our views on required test cases and address simulation assumptions for requirements definition. Also, simulation results to define corresponding test cases are provided.
Discussion
Schemes for requirements definition
Last meeting it was agreed to define demodulation performance requirements for repetition Tx schemes. However, exact scheme(s) is/are still open: 
	· [bookmark: _Hlk54117199]Define performance requirement for URLLC transmission schemes with test applicability rule
· Option 1: Only FDM  scheme A and inter-slot TDM scheme as baseline
· FDM scheme is skipped if UE passes the multi-DCI based multi-TRP Tx requirements and TDM scheme is skipped if UE passes URLLC slot aggregation requirements and anyone of the other multi-TRP Tx requirements
· Other options are not precluded


Requirements definition for repetition Tx schemes were debated last four meetings. In outcome it was agreed that requirements are needed but RAN4 should find the balance between sufficient test coverage, requirements duplication and work efforts. 
Based on RAN1 design each of the defined Rel-16 transmission scheme is a separate UE feature. In this case some UEs may declare to support only repetition schemes among multi-panel/TRP transmission schemes. If RAN4 does not define corresponding requirements such UEs will not be tested in multi-panel/TRP transmission conditions at all. Same time it is important that different types of UE will be tested for multi-TRP operation. 
RAN4 has already agreed to define requirements for multi-DCI based non-overlapped multi-TRP Tx scheme. From receive processing this scheme is slightly similar to FDM scheme A with wideband precoding except channel decoding stage. Same time multi-DCI based Tx scheme requires UE to be capable of CORESETPoolIndex, which is not needed for single DCI based repetition scheme. In this case there is a high possibility that specific UEs may support FDM scheme A and do not support multi-DCI based scheme.
Observation #1: From receive processing perspective repetition FDM scheme A is slightly similar to multi-DCI based non-overlapped scheme but does not require UE to be capable of CORESETPoolIndex. In this case to have sufficient test coverage it is needed to define performance requirements for FDM scheme A.
Inter-slot TDM scheme can provide quite reliable PDSCH transmission considering quite high number of possible repetitions (up to 16). From receive processing perspective supporting of this scheme can be compared with supporting of URLLC slot aggregation feature. In Rel-16 URLLC WI it was already agreed to define performance requirements for slot aggregation feature with aggregation factor of 2. However, such test case cannot cover UE performance for inter-slot TDM scheme since supporting of multi-TRP repetition scheme requires supporting of newly defined QCL mechanism. Potentially high reliable UEs may not support other repetition scheme besides inter-slot TDM. In this case, if UE supports slot aggregation feature then we cannot guarantee reliable performance with inter-slot TDM scheme.
Observation #2: Supporting of inter-slot TDM scheme is important feature to provide reliable PDSCH transmission.  
Observation #3: URLLC slot aggregation test cases cannot fully cover demodulation performance for inter-slot TDM scheme.  
As we discussed above it is important to avoid test cases duplication and reduce test/work efforts. Applicability rule proposed on previous meeting can be considered to address this: FDM scheme is skipped if UE passes the multi-DCI based multi-TRP Tx requirements and TDM scheme is skipped if UE passes URLLC slot aggregation requirements and anyone of the other multi-TRP Tx requirements. 
Proposal 1:	Define performance requirements for FDM  scheme A and inter-slot TDM repetition transmission schemes with the following test applicability rule: FDM scheme is skipped if UE passes the multi-DCI based multi-TRP Tx requirements and TDM scheme is skipped if UE passes URLLC slot aggregation requirements and anyone of the other multi-TRP Tx requirements.
Simulation assumptions
The following agreements on simulation assumptions were made last meeting:
	· Simulation parameters 
· Option 1: Reuse parameters (TDD configuration, SSB and CSI-RS configuration, PDCCH setup, Propagation conditions and TO/FO) from single-DCI based SDM Tx scheme test case
· [image: ]MCS:
· Option 1: MCS 13
· Option 2: MCS 19
· Other options are not precluded
· Resource configuration (see table 1)





Most of the simulation assumptions for repetition Tx schemes can be reused from single-DCI SDM test case. The specific configuration is required at least for antenna port indices, PRB allocation and precoding granularity. Besides that, MCS and test metric can be also different to address typical uses cases of repetition schemes.
In Annex A we provide the full set of suggested simulation assumptions for repetition schemes and discussed below only parameters which is specific for these schemes
Precoding granularity
Resource allocation for FDM scheme A is determined by a precoding granularity. According to TS 38.214 if precoding granularity is configured as 2 or 4, even PRGs within frequency domain resources are assigned to the first TCI state and odd PRGs – to the second TCI state. Same time if precoding granularity is configured as a wideband  - the first half of PRBs are assigned to the first TCI state and the remaining part is assigned to the second TCI state.  
Most of the demodulation performance test cases is defined with 2 or 4 PRB precoding granularity. However, one of the reasons to define requirements for FDM scheme A is to cover demodulation processing in case of non-overlapped Tx occasions in frequency domain but without support of CORESETPoolIndex. In this case it more preferable to define test case for FDM scheme A with wideband precoding. For inter-slot TDM scheme 2 PRB granularity can be assumed.
Proposal 2:	Define performance requirements for FDM scheme A with wideband precoding configuration and inter-slot TDM scheme with 2 PRB precoding granularity.



Number of repetitions
Based on RAN1 design from 2 to 16 repetitions can be configured in inter-slot TDM repetition scheme. From test definition perspective we should ensure that tested SNR point is not so low (concretely not less than -6 dB which is SNR on SSB for RRM requirements) otherwise we cannot guarantee that even UE with proper implementation will pass the test. In this case it is reasonable to not assume high number of repetitions. For simplicity we suggest considering 2 PDSCH repetitions. 
Proposal 3:	Consider two PDSCH repetitions for test case with inter-slot TDM scheme. 
 
TO/FO
Based on system level analysis of typical TO distributions in different deployments, the already agreed TO values for multi-TRP Tx test cases cover at least up to 500m inter-site distances (ISD)[2]. For URLLC deployments typically similar or even quite smaller (for industrial indoor deployments) ISDs are considered[3]. In this case we can guarantee that obtained TO values for 500m ISD will fully cover possible TO due to propagation difference in URLLC deployments. For FO values it is also reasonable to reuse already agreed values for multi-TRP Tx scenarios.
Proposal 4:	Consider -0.5us, 2us and -0.25us, 1us TO values for requirements definition for multi-TRP repetition schemes for 15 kHz SCS and 30 kHz SCS respectively.
Proposal 5:	Consider 200Hz and 300Hz FO values for requirements definition for multi-TRP repetition schemes for 15 kHz SCS and 30 kHz SCS respectively.

MCS and MCS Table
For eMBB multi TRP Tx scenarios MCS 17 is considered for requirements definition. For URLLC schemes we suggest the using of more conservative MCS 13 which is more suitable in terms of reliability. In addition, MCS Table 3 with low SE is a typical configuration for reliability related scenarios.
Proposal 6:	Use MCS 13 from MCS Table 3 for requirements definition of multi-TRP repetition schemes.

Antenna port indices
According to RAN1 design different TRPs should use same DMRS CDM group when repetition Tx schemes are configured. In this case we should assume QCL between 1000 DMRS antenna port and TCI state #1 and QCL between 1001 antenna port for TCI state #2. 
Proposal 7:	Define performance requirements for repetition Tx schemes with the following QCL assumption: 1000 DMRS antenna port with TCI state #1, 1001 DMRS antenna port with TCI state #2

Test metric
It will be natural to have different test metrics for eMBB and URLLC performance requirements as well as MCS. In this case, 1% BLER is appropriate option instead of 70% @ max achievable throughput for repetition transmission schemes. It is not expected that test time will be increased too much comparing to tests with conventional metric and same time 1% BLER test metric will indicate that these transmission schemes are more applicable for URLLC services. 
Proposal 8:	Use 1% BLER as a test metric for single-DCI based multi-TRP repetition Tx schemes performance requirements.

Number of test cases
In RAN4 96e the following agreement was made regarding exact number of test cases:
	· Two test cases per duplex mode:
· Option 1: 
· Test 1a: Single-DCI based  FDM scheme A with frequency offset and negative time offset
· Test 1b: Single-DCI based inter-slot TDM with positive time offset
· Option 2: 
· Test 1a: Single-DCI based  FDM scheme A with frequency offset and positive time offset
· Test 1b: Single-DCI based inter-slot TDM A with frequency offset and positive time offset
· Other options are not precluded


First of all, we do not see a reason to avoid TO or FO from test parameters. If UE supports only one scheme there will be possibility that such UE will not be tested on handling TO or FO. Therefore, we suggest avoiding option 1 on test cases definition. Besides that, based on our results for single-DCI SDM scheme, with proper TO/FO compensation there is no essential performance difference between positive and negative TOs even with overlapped PDSCHs. Therefore, we can consider same positive or negative TO values for test cases with different Tx schemes without loss of test coverage. Considering already proposed options we suggest using of option 2.
Proposal 9:	Define the following test cases per each duplex mode for multi-TRP repetition schemes:
· Test 1a: Single-DCI based  FDM scheme A with frequency offset and positive time offset
· Test 1b: Single-DCI based inter-slot TDM A with frequency offset and positive time offset

Simulation results
In this section we provide simulation results for proposed test cases 1a and 1b with proposed simulation assumptions which are summarized in Annex A. The simulation results summary is presented in Table 1.
Table 1. Demodulation performance at 1% BLER
	
	2x2 antenna configuration
	2x4 antenna configuration

	
	Ideal Results
	Ideal Results

	Test case 1a
	FDD
	6.6
	3.3

	
	TDD
	8.6
	6.4

	Test case 1b
	FDD
	1.5
	-2.2

	
	TDD
	3.2
	0.3


Specification organization.
Considering the current progress of HST and URLLC WI, it was agreed to use the same section for specifying PDSCH demodulation requirement for different WI. In this case we should align clause numbers for each WI. Based on discussions on previous meetings it was agreed to introduce 4 new clauses for URLLC performance requirements. Two new clauses are needed to define HST-SFN and HST-DPS requirements. In this case we can assume the following specification structure for example for section with FDD requirements with 2Rx antennas:
· 5.2.2.1.5 Minimum requirements for PDSCH 0.001% BLER
· 5.2.2.1.6 Minimum requirements for PDSCH repetitions over multiple slots
· 5.2.2.1.7 Minimum requirements for PDSCH Mapping Type B and UE processing capability 2
· 5.2.2.1.8 Minimum requirements for PDSCH pre-emption
· 5.2.2.1.9 Minimum requirements for PDSCH HST-SFN
· 5.2.2.1.10 Minimum requirements for PDSCH HST-DPS
· 5.2.2.1.11 Minimum requirements for PDSCH with multi-DCI based Tx scheme
· 5.2.2.1.12 Minimum requirements for PDSCH with single-DCI based SDM scheme
· 5.2.2.1.13 Minimum requirements for PDSCH with single-DCI based FDM Scheme A
· 5.2.2.1.14 Minimum requirements for PDSCH with single-DCI based Inter-slot TDM scheme
[bookmark: _Hlk54392023]Proposal 10:	Adopt proposed above procedure to organize specification structure for multi-TRP Tx schemes.
Conclusion
In this paper we provided our view on demodulation requirements for Rel-16 eMIMO multi-TRP repetition schemes and made the following proposals:
Proposal 1:	Define performance requirements for FDM  scheme A and inter-slot TDM repetition transmission schemes with the following test applicability rule: FDM scheme is skipped if UE passes the multi-DCI based multi-TRP Tx requirements and TDM scheme is skipped if UE passes URLLC slot aggregation requirements and anyone of the other multi-TRP Tx requirements.
Proposal 2:	Define performance requirements for FDM  scheme A with wideband precoding configuration and inter-slot TDM scheme with 2 PRB precoding granularity.
Proposal 3:	Consider two PDSCH repetitions for test case with inter-slot TDM scheme.
Proposal 4:	Consider -0.5us, 2us and -0.25us, 1us TO values for requirements definition for multi-TRP repetition schemes for 15 kHz SCS and 30 kHz SCS respectively.
Proposal 5:	Consider 200Hz and 300Hz FO values for requirements definition for multi-TRP repetition schemes for 15 kHz SCS and 30 kHz SCS respectively.
Proposal 6:	Use MCS 13 from MCS Table 3 for requirements definition of multi-TRP repetition schemes.
Proposal 7:	Define performance requirements for repetition Tx schemes with the following QCL assumption: 1000 DMRS antenna port with TCI state #1, 1001 DMRS antenna port with TCI state #2
Proposal 8:	Use 1% BLER as a test metric for single-DCI based multi-TRP repetition Tx schemes performance requirements
Proposal 9:	Define the following test cases per each duplex mode for multi-TRP repetition schemes:
· Test 1a: Single-DCI based  FDM scheme A with frequency offset and positive time offset
· Test 1b: Single-DCI based inter-slot TDM A with frequency offset and positive time offset
Proposal 10:	Adopt proposed above procedure to organize specification structure for multi-TRP Tx schemesю
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Annex A: Simulation assumptions
Simulation assumptions for single-DCI based multi-TRP Tx repetition schemes
Table 2. Common parameters
	Parameters
	Simulation cases 1-1~ 1-8
	Simulation cases 2-1~ 2-8

	Duplex mode
	FDD
	TDD

	TDD UL/DL configuration
	N/A
	[FR1.30-1 (7DS2U, 6D+4G+4U)]
FFS whether PDSCH is scheduled in the special slots

	Timing offset of the second TRP from the first TRP
	2 μs
	2 μs

	Frequency offset between two TRPs
	200 Hz
	300 Hz

	
	Common serving cell parameters

	Physical Cell ID
	0

	SSB position in burst 
	First SSB in Slot #0

	SSB periodicity 
	20ms

	Transmit TRP of SSB
	Only from TRP1

	
	TRS#1 (configuration for TCI state #1)

	Transmit TRP
	TRP#1

	CSI-RS periodicity
	[20] slots
	[40] slots

	CSI-RS offset
	[10] for CSI-RS resources 1 and 2
[11] for CSI-RS resources 3 and 4
	[20] for CSI-RS resources 1 and 2
[21] for CSI-RS resources 3 and 4

	Density
	3
	3

	First subcarrier index in the PRB used for CSI-RS
	k0=0
	k0=0

	QCL Info
	TCI state #0
	TCI state #0

	First OFDM symbol in the PRB used for CSI-RS
	l0 = 6 for CSI-RS resources 1 and 3
l0 = 10 for CSI-RS resources 2 and 4
	l0 = 6 for CSI-RS resources 1 and 3
l0 = 10 for CSI-RS resources 2 and 4

	
	TRS#2 (configuration for TCI state #2)

	Transmit TRP
	TRP#2

	CSI-RS periodicity
	[20] slots
	[40] slots

	CSI-RS offset
	[10] for CSI-RS resources 1 and 2
[11] for CSI-RS resources 3 and 4
	[20] for CSI-RS resources 1 and 2
[21] for CSI-RS resources 3 and 4

	Density
	3
	3

	First subcarrier index in the PRB used for CSI-RS
	k0=1
	k0=1

	First OFDM symbol in the PRB used for CSI-RS
	l0 = 6 for CSI-RS resources 1 and 3
l0 = 10 for CSI-RS resources 2 and 4
	l0 = 6 for CSI-RS resources 1 and 3
l0 = 10 for CSI-RS resources 2 and 4

	QCL Info
	TCI state #0
	TCI state #0

	
	TCI State configuration #0

	Type 1 QCL information
	SSB index #0, QCL type C

	Type 2 QCL information
	N/A

	
	TCI State configuration #1

	Type 1 QCL information
	CSI-RS resource: TRS#1, QCL type A

	Type 2 QCL information
	N/A

	
	TCI State configuration #2

	Type 1 QCL information
	CSI-RS resource: TRS#2, QCL type A

	Type 2 QCL information
	N/A

	
	PDCCH configuration

	CORESETPoolIndex
	0 (or not configured)

	Symbols for PDCCH
	0, 1

	K0
	0

	AL
	8 (576REs)

	
	PDSCH configuration

	PDSCH resource mapping type
	Type A

	Resource allocation type
	Type 1

	Antenna ports index ​
	{1000} for TCI#1 and {1001} for TCI#2

	Note 1:	The same SSB (index #0) is transmitted from both TRP1 and TRP2.



Table 3. PDSCH parameters for each scheme
	
	FDMSchemeA
	Inter-slot TDM

	DMRS configuration
	Type 1,  1+1
	Type 1,  1+1

	Start symbol and time duration
	PDSCH#1: 2, 12
PDSCH#1: 2, 12
	PDSCH#1: 2, 12
PDSCH#1: 2, 12

	Precoding granularity
	WB
	2

	FDD PRB allocation
	PDSCH#1: PRB#0 to PRB#25
PDSCH#2: PRB#26 to PRB#51
	PDSCH#1: PRB#0 to PRB#51
PDSCH#2: PRB#0 to PRB#51

	TDD PRB allocation
	PDSCH#1: PRB#0 to PRB#52
PDSCH#2: PRB#53 to PRB#105
	PDSCH#1: PRB#0 to PRB#105
PDSCH#2: PRB#0 to PRB#105



Table 4. Parameters for each test case
	Simulation case
	Tx Scheme
	Duplex mode
	BW/SCS
	MCS
	Propagation conditions
	Antenna configuration
	Test metric

	1-1-1
	FDM SchemeA
	FDD
	10MHz/15 kHz
	16QAM 0.51
	TDLA30-10 for both TR1 and TRP2
	2x2 for each TRP
	SNR at 1% BLER

	1-1-2
	FDMSchemeA
	FDD
	10MHz/15 kHz
	16QAM 0. 51
	TDLA30-10 for both TR1 and TRP2
	2x4 for each TRP
	SNR at 1% BLER

	1-4-1
	Inter-slot TDM
	FDD
	10MHz/15 kHz
	16QAM 0. 51
	TDLA30-10 for both TR1 and TRP2
	2x2 for each TRP
	SNR at 1% BLER

	1-4-2
	Inter-slot TDM
	FDD
	10MHz/15 kHz
	16QAM 0. 51
	TDLA30-10 for both TR1 and TRP2
	2x4 for each TRP
	SNR at 1% BLER

	2-1-1
	FDMSchemeA
	TDD
	40MHz/30 kHz
	16QAM 0. 51
	TDLA30-10 for both TR1 and TRP2
	2x2 for each TRP
	SNR at 1% BLER

	2-1-2
	FDMSchemeA
	TDD
	40MHz/30 kHz
	16QAM 0. 51
	TDLA30-10 for both TR1 and TRP2
	2x4 for each TRP
	SNR at 1% BLER

	2-4-1
	Inter-slot TDM
	TDD
	40MHz/30 kHz
	16QAM 0. 51
	TDLA30-10 for both TR1 and TRP2
	2x2 for each TRP
	SNR at 1% BLER

	2-4-2
	Inter-slot TDM
	TDD
	40MHz/30 kHz
	16QAM 0. 51
	TDLA30-10 for both TR1 and TRP2
	2x4 for each TRP
	SNR at 1% BLER
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