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Background
During RAN4#101bis-e meeting, WF [1] on demodulation requirement for Enhancement on Multi-TRP was approved. In this contribution, we share our views about the UE FeMIMO mTRP demodulation requirements.
Discussion
Test Scope on Multi-TRP enhancement for PDCCH
	Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
· Option 1:  Yes
· Option 2:  No
Whether to define PDSCH requirement to verify whether UE is with proper behaviour of rate matching around the two linked PDCCH.
· Option 1:  Yes
· Option 2:  No



For non-SFN scheme, PDCCH can be transmitted with two TCI state corresponding to two SS sets associated with corresponding CORESETs. Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload. Two PDCCH candidates are explicitly linked together (UE knows the linking before decoding). 
UE can report a value of BD from {2,3}. From the demodulation perspective, for UE reporting the value of 2, UE can decode the first repetition and then perform soft-combining of two repetition if failed to decode the first repetition. For UE reporting the value of 3, UE can decode the first repetition and then decode the second repetition and then perform soft-combining of two repetition if failed to decode both the first and the second repetition.
Here we analysis the performance gain when UE performing soft-combining or not as Figure 2.1-1 shows, typical configuration is select from the existing cases defined in TS 38.101-4.
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Figure 2.1-1 Performance evaluation for soft-combining
There is a great gain by performing soft-combining for non-SFN PDCCH enhancement.
In our view, this feature is very important to improve PDCCH reliability. Considering the great gain by performing soft-combining, we propose to define performance requirements for enhancements on Multi-TRP for PDCCH.
Define PDCCH requirement for multi-TRP repetition transmission schemes.
Also, based on RAN 1 design, for both FR1 and FR2, PDSCH should be rate-matched around the union of two PDCCH candidates and the corresponding DMRS if resources of the linked PDCCH candidates overlap with the resources of the corresponding scheduled PDSCH. When two PDCCH candidates with AL8 and AL16 have the same start CCE in a non-interleaved CORESET with one OFDM symbol, there is ambiguity issue that UE cannot distinct the decoded PDCCH candidate is with AL8 and AL16. To solve this issue, RAN1 introduce a mechanism that a scheduled PDSCH by the DCI is rate matched around the AL16 candidate and any PDCCH candidate linked with any of the AL8 or AL16 candidates. Considering that new baseband processing is introduced, we propose to define PDSCH performance requirements to verify whether UE is with proper behaviour of rate matching around the two linked PDCCH.
Define PDSCH performance requirements to verify whether UE is with proper behaviour of rate matching around the two linked PDCCH.
Test Scope on Multi-TRP inter-cell operation
	Whether to define PDSCH requirement for Multi-TRP inter-cell operation 
· Option 1:  Yes
· Option 2:  No
· Option 2a: Discuss the following alternatives how to guarantee demodulation performance for inter-cell multi-DCI multi-TRP Tx scheme
· Alt1: Define applicability rule for UE that supports “IntCell-Mtrp” feature that if such UE satisfied Rel-16 minimum requirements for PDSCH multi-DCI based transmission scheme, inter-cell operation can be also guaranteed.
· Alt2: Add a note to specification that if UE supports “IntCell-Mtrp” feature, minimum requirements for PDSCH multi-DCI based transmission scheme is applicable for this UE, but test configuration (i.e., RRC, SSB) should reflects inter-cell operation mode. Applicability rule between requirements for intra-cell and inter-cell scenarios can be further discussed.
· Option 2b: Not to define PDSCH/PDCCH demodulation requirement for inter-cell Multi-TRP transmission if intra-slot PDCCH repetition demodulation requirement is agreed to be introduce



For enhancements on Multi-TRP inter-cell operation, based on Rel-15/16 TCI framework, 1 additional SSB associated with different PCI from the serving cell can be used as source RS for TCI state indication as following Figure 2.2-1 shows.
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From our understanding , the performance for multi-TRP inter-cell operation should be ensured. In Rel-16 multi-TRP of eMIMO WI, all full-overlapping, non-overlapping, partial-overlapping schemes is discussed in RAN4 and finally only performance requirements for non-overlapping scheme is defined considering the UE complexity. In our view, full-overlapping scheme can improve UE performance especially when UE is at the edge of two TRPs. Therefore, we propose to define performance requirement for enhancements on multi-TRP inter-cell operation with full-overlapping resource allocation.
Define performance requirement for enhancements on multi-TRP inter-cell operation with full-overlapping resource allocation.
Test setup for PDCCH requirement for Multi-TRP
	Multi-TRP repetition transmission schemes for PDCCH requirements (if introduced)
· Option 1: Following repetition transmission schemes can be considered
· FR1 FDM with intra-slot repetition
· FFS: FR1 TDM with intra-slot repetition
· Other option is not precluded
Simulation Assumption for PDCCH with FDM repetition scheme (if introduced)
· Option 1: 
	Parameter
	Value

	
	FDD 15 kHz SCS
	TDD 30 kHz SCS

	CBW
	10 MHz
	40 MHz

	Antenna configuration
	2x2; 2x4 (2Tx for each TRP)

	CORESET RB
	24
	48

	CORESET Duration
	2

	Aggregation level
	4, 8

	CCE-REG mapping
	Non-interleaved

	REG bundle size
	6

	Propagation conditions
	TDLA30-10

	Test metric
	SNR @1% Probability of missed downlink scheduling grant


· Option 2: Reuse the configuration of the existing cases, such as
· Test 1 in Table 5.3.2.1.1-1/Table 5.3.3.1.1-1 for 1T2R and 1T4R 
· Test 2 in Table 5.3.2.1.2-1/Table 5.3.3.1.2-1 for 2T2R and 2T4R
· Other option is not precluded



For the repetition transmission schemes, we propose to consider both FDM and TDM. Permutation and combination can be used to reduce the test efforts, such as FDM for AL2 and TDM for AL8. The overview of simulation assumption for PDCCH performance requirements for mTRP can be shown as following Table 2.3-1.
Table 2.3-1 Simulation assumption for PDCCH performance requirements
	Parameter
	Value

	
	Test 1
	Test 2

	Repetition transmission schemes
	FDM
	TDM

	CBW
	10MHz for FDD15kHz SCS and 40MHz for TDD30kHz SCS

	CORESET RB
	24 for FDD15kHz SCS and 48 for TDD15kHz SCS

	CORESET duration
	2

	Aggregation level
	2
	8

	Propagation Condition
	TDLA30-10
	TDLC300-100

	Antenna configuration
	1x2 and 1x4
	2x2 and 2x4

	CCE to REG mapping type
	nonInterleaved

	REG bundle size
	0

	Test metric
	1% of Pm-dsg (%)



For PDCCH performance requirements for mTRP, consider both FDM and TDM. Permutation and combination can be used to reduce the test efforts, such as FDM for AL2 and TDM for AL8.
Test setup for PDSCH requirement for inter-cell operation
	Simulation assumption for PDSCH requirement (if introduced)
· Option 1:  Reusing test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2 i.e.
· Time offset/frequency offset: -0.5us /200Hz for FR1 FDD 15kHz SCS; -0.25us/300Hz for FR1 TDD 30kHz SCS
· RB allocation: frequency non-overlapping
· MCS: 64QAM 1/2
· PCI ID: [0] for TP1, [3] for TP2
· SSB transmission: SSB 1 for TP1, SSB 2 for TP2
· Option 2:
· RB allocation: frequency overlapping
· Other Option is not precluded



Generally we agree to reuse test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2. For the RB allocation, as we discuss in sub-clause 2.2, we propose to configure full-overlapping resource allocation for PDSCH requirement for inter-cell operation.
Reuse test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2 and configure full-overlapping resource allocation for PDSCH requirement for inter-cell operation.
Proposals
In this contribution, we discuss on UE demodulation requirements for FeMIMO mTRP. Our observations and proposals are:
1. There is a great gain by performing soft-combining for non-SFN PDCCH enhancement.
1. Define PDCCH requirement for multi-TRP repetition transmission schemes.
Define PDSCH performance requirements to verify whether UE is with proper behaviour of rate matching around the two linked PDCCH.
Define performance requirement for enhancements on multi-TRP inter-cell operation with full-overlapping resource allocation.
For PDCCH performance requirements for mTRP, consider both FDM and TDM. Permutation and combination can be used to reduce the test efforts, such as FDM for AL2 and TDM for AL8.
	Parameter
	Value

	
	Test 1
	Test 2

	Repetition transmission schemes
	FDM
	TDM

	CBW
	10MHz for FDD15kHz SCS and 40MHz for TDD30kHz SCS

	CORESET RB
	24 for FDD15kHz SCS and 48 for TDD15kHz SCS

	CORESET duration
	2

	Aggregation level
	2
	8

	Propagation Condition
	TDLA30-10
	TDLC300-100

	Antenna configuration
	1x2 and 1x4
	2x2 and 2x4

	CCE to REG mapping type
	nonInterleaved

	REG bundle size
	0

	Test metric
	1% of Pm-dsg (%)



Reuse test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2 and configure full-overlapping resource allocation for PDSCH requirement for inter-cell operation.
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