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1	Introduction
RAN1 has introduced one multi-DCI based transmission scheme and 5 single-DCI based transmission schemes as shown in Table 1 and RAN4 has agreed to define at least PDSCH with multi-DCI based scheme and single-DCI based SDM scheme. 
[bookmark: _Ref47426375]Table 1	Multi-TRP transmission schemes in traduced in NR eMIMO WI. 
	Transmission scheme
	Description

	Multi-DCI based scheme
	· Each DCI can schedule PDSCH independently. 

	Single-DCI based SDM scheme
	· Transmit one or two transport blocks.
· Two TCIs from different TRP can schedule different set of layers, e.g., layer 0 from TRP#0 and layer 1 from TRP#1.
· Two PDSCH symbols are fully-overlapped in frequency and time domain.

	Single-DCI based FDM Scheme A
	· Single PDSCH transmission occasion for one transport block scheduled with a single redundancy version.
· Some PDSCH PRBs from TRP#0, other PDSCH PRBs from TRP#1. They are non-overlapped in frequency domain, but overlapped in time domain.  

	Single-DCI based FDM Scheme B
	· Two PDSCH transmission occasions for one transport block each scheduled with two redundancy versions.
· PDSCH from different TRPs are non-overlapped in frequency domain but overlapped in time domain.
· Subject to UE capability, UE can combine PDSCH symbols from two PDSCH transmission occasions.

	Single-DCI based TDM Scheme A
	· Subslot-based TDM, i.e., PDSCH from two TRPs are non-overlapped in time domain but overlapped in frequency domain. 
· Two PDSCH transmission occasions for one transport block each scheduled with two redundancy versions.
· UE can combine PDSCH symbols from two PDSCH transmission occasions.

	Single-DCI based inter-slot TDM
	· Slot-based TDM, i.e., PDSCH from two TRPs are non-overlapped in time domain but overlapped in frequency domain.
· The number of repetitions is configured by RepNumR16.
· Multiple PDSCH transmission occasions for one transport block scheduled with up to four redundancy versions.
· UE can combine PDSCH symbols from multiple PDSCH transmission occasions.



RAN4#95-e discussed the PDSCH demodulation requirements for multi-DCI based and single-DCI based PDSCH transmission with multi-TRP. For the SDM transmission schemes, RAN4 agreed with the way forward [1] and the simulation assumption [2] to discuss the detailed simulation setup. On the other hand, RAN4 is still discussing whether to define FDM/TDM transmission schemes with multi-TRP [3]. 
2	SDM schemes
General test setup
	Reference for timing offset/frequency offset​
· Option 1: ​
· Using TP which carry on SSB transmission with default TCI state #0 as the reference TP (TP1) ​
· Timing offset = time offset among TP2 and TP1​
· Frequency offset = frequency offset among TP2 and TP1​
· Other options not precluded​
Baseline receiver assumption for FFT window timing​
· Option 1: Assuming UE always fix FFT timing based on TCI state #0 (TP1) as baseline assumption to define RAN4 performance requirements​
· Option 2: FFT timing based on TRP with the highest RSRP on sync signals + fixed timing shift​
· Option 3: FFT timing based on nearest TRP​
· Other options not precluded​
Timing offset among multi-panel/TRP
· Timing offset values
· Option 1: Δt=2-μΔt1, Δt1 = [-0.5, 2] μs
· Option 2: Δt=2-μΔt1, Δt1 =2 μs
· Option 3: FFS on introducing timing offset which scaled with SCS Δt=2-μΔt1, Candidate values for simulation purpose: {-1, -0.5, 1, 3] μs
· Values for requirements definition should be derived based on performance analysis and analysis on TO distributions. Final value should ensure that reasonable UE implementation can meet the requirements.
Frequency offset among multi-panel/TRP
· 200Hz for FR1 FDD 15kHz, 300Hz for FR1 TDD 30kHz



Impact of frequency offset
Figure 1 shows the performance impact due to the frequency offset without any compensation. In the figures, mDCI FDM corresponds to the multi-DCI based SDM scheme with non-overlapped transmission in frequency domain, and sDCI SDM corresponds to the single-DCI based SDM scheme with fully overlapped transmission in frequency/time domain. Figure 1 also shows the single TRP case (same as Rel-15 NR MIMO condition) for reference. 
From the simulation results, it is not observed any performance degradation with frequency offset of 200Hz (for SCS=15kHz) and 300Hz (for SCS=30kHz) between two TRPs.
Observation 1: No performance degradation for both mDCI-based FDM (SDM with non-overlapped) and sDCI-based SDM due to the frequency offset. 
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	(a) FDD SCS=15kHz
	(b) TDD SCS=30kHz


[bookmark: _Ref46419435]Figure 1	impact due to frequency offset.

Impact of the time offset
Figure 2 shows the performance impact due to the time offset without any compensation. In the simulation, UE always sets the FFT timing based on TCI state #0 (TP1). From the simulation results, it is observed the significant performance degradation with larger negative time offset, i.e., TO=-1us for FDD (SCS=15kHz) and TO=-0.5us for TDD (SCS=30kHz). On the other hand, positive time offset, or smaller negative offset do not affect to the performance significantly. 
Observation 2: Significant performance impact for both mDCI-based FDM (SDM with non-overlapped) and sDCI-based SDM due to the larger negative time offset. 

[image: ][image: ]
	(a) Multi-DCI based SDM, SCS=15kHz
	(b) Single-DCI based SDM, SCS=15kHz


[bookmark: _Ref46420170]Figure 2	Performance impact due to Time offset between two TRPs (SCS=15kHz).
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	(a) Multi-DCI based SDM, SCS=30kHz
	(b) Single-DCI based SDM, SCS=30kHz


Figure 3	Performance impact due to Time offset between two TRPs (SCS=30kHz). 

From our simulation results, we don’t see any issue if we define the ‘time offset’ as the transmission time offset of TRP2 from TRP1, and ‘frequency offset’ as the carrier frequency offset of TRP2 from TRP1, where TRP1 corresponds to the TRP transmitting SSB for TCI state #0. ​
Regarding the baseline receiver, we think it is up to UE implementation and RAN4 should not mandate any specific receiver for multi-TRP requirements. On the other hand, for the alignment purpose, we prefer the simplest assumption considering the minimum requirements, that is, UE always sets the FFT timing based on TCI state #0 (TRP1).
Proposal 1: UE receiver for multi-TRP PDSCH demodulation requirements is up to UE implementation. For alignment purpose, RAN4 should assume that UE always sets the FFT timing based on TCI state #0 (TRP1). 
​Regarding the timing offset in the test case, based on our simulation results and observations, we propose to consider Δt=2-μΔt1, Δt1 = [-0.5, 2] μs.
Proposal 2: Set timing offset to the value in the range Δt=2-μΔt1 with Δt1 = [-0.5, 2] μs. 

TRS/CSI-RS configuration
	Taking non-colliding TRS/CSI-RS in multi-TRP/panel as baseline assumption meanwhile interested companies are encouraged to bring more analysis and evaluation results for non-colliding and colliding cases.



The multi-TRP transmission in eMIMO WI is basically same as MIMO transmission, which means the signals from all the TRPs use the same Cell-ID. If TRSs from two TRPs are overlapped, UE cannot distinguish TRS and therefore UE cannot perform channel analysis. We therefore propose to configure TRS with non-collided. 
Proposal 3: TRS from different TRP should be non-collided. The signals/channels from all the TRPs should use the same Cell ID. 

PDSCH antenna configuration
	Antenna configuration:
· Option1: Only 2T2R, 2T4R
· Option2: Both 2T2R, 2T4R and 4T2R, 4T4R​


Figure 4 compares the performance between 2Tx and 4Tx per TRP, where we set 2Rx for UE. It is observed minor performance gain of 4Tx compared with 2Tx. However it is no difference from UE demodulation point of view between 2Tx or 4Tx per TRP because each TRP only need to transmit 1 DMRS port (sDCI-based SDM) or 2 DMRS ports (mDCI-based SDM). We therefore propose to configure 2Tx per TRP for multi-TRP PDSCH demodulation requirements. 
Proposal 4: Configure 2T2R and 2T4R per TRP for multi-TRP PDSCH demodulation requirements. 
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[bookmark: _Ref46420402]Figure 4	Comparison between 2Tx and 4Tx per TRP.

Number of test cases for single-DCI based SDM transmission
	· Layer combination: 1+1 for both 2Rx and 4Rx
· Number of TCI state: Two TCI states configuration
· Number of test cases
· Option 1: 3 test cases per duplex mode  
· Test 1a Single DCI with frequency offset and overlapping scheduling 
· Test 1b Single DCI with positive time offset and overlapping scheduling
· Test 1c Single DCI with negative time offset and overlapping scheduling
· Other options are not preclude​d


We don’t want to increase the number of test cases. Since RAN4 has agreed to define at least mDCI-based SDM and sDCI-based SDM, one option is to set frequency offset and positive time offset for mDCI-based SDM and to set frequency offset and negative time offset for sDCI-based SDM. 
Proposal 5: For frequency offset and timing offset:
· Set frequency offset (200Hz for FDD and 300kHz for TDD) and positive time offset (2us for FDD SCS=15kHz and 1us for TDD SCS=30kHz) for mDCI-based SDM. 
· Set frequency offset (200Hz for FDD and 300kHz for TDD) and negative time offset (-0.5us for FDD SCS=15kHz and -0.25us for SCS=30kHz) for sDCI-based SDM.
FR2
	Necessity of introducing test case(s) for multi-panel/TRP transmission schemes in FR2​
· Option 1: No
· Option 2: Do not define FR2 requirements for simultaneous reception from multi-TRP/Panel (eMBB) and Study testability for FR2 single-DCI based multi-TRP schemes 3 and 4 ​
· Option 3: Further discuss technical details and relevance of single wide Rx beam reception in FR2



One open issue is whether to define multi-TRP demodulation requirements for FR2. In our understanding most companies think it is not feasible to define PDSCH demodulation requirements for multi-TRP in FR2 because FR2 UE can use one Rx beam only and UE cannot receive signals from multiple TRPs with the single Rx beam. 
In Option 3, the idea is to use ‘wide’ Rx beam to be able to receive signals from multiple TRPs, however it is not clear (no definition) how ‘wide’ the Rx beam is and it also affects to OTA test environment (i.e., where the Tx antenna is set in the chamber during the conformance test). Since RAN4 requirement is the minimum requirements, we propose not to define multi-TRP demodulation requirements for FR2. 
Proposal 6: Not to introduce test case(s) for multi-panel/TRP transmission schemes in FR2.
4	FDM/TDM schemes
FDM Schemes
FDM schemes transmit PDSCH symbols from two TRPs, but they use different PRBs, i.e., overlapped in time, non-overlapped in frequency. Which PRB is transmitted from which TRP depends on the precoding granularity, according to TS38.214 5.1.2.3. If the precoding granularity is configured as ‘wideband’, the first  PRBs are transmitted from TRP1 and the remaining  PRBs are transmitted from TRP2, where nPRB is the number of PRBs in the configured BWP. On the other hand, if the precoding granularity is configured as 2 or 4, even PRGs are transmitted from TRP1 and odd PRGs are transmitted from TRP2.
The difference between FDM scheme A and B is that FDM scheme A uses single PDSCH transmission occasion for one TB. On the other hand, FDM scheme B uses two PDSCH transmission occasions for one transport block with two RVs. For FDM Scheme B, it is also possible to combine PDSCH symbols from two PDSCH transmission occasions depending on the UE capability. If UE is not capable of soft-combining, FDM scheme B is very similar to FDM scheme A from UE demodulation point of view. 
RAN4 has agreed to define mDCI-based SDM schemes where PDSCH symbols from two TRPs are fully overlapped in time domain but not overlapped in frequency domain. It is very similar to FDM scheme A with wideband precoding granularity. Since mDCI-based transmission requires UE to be capable of CORESETPoolIndex, we propose to define sDCI-based FDM Scheme A with applicability rule.  
Proposal 7: RAN4 defines PDSCH demodulation requirements for sDCI-based FDM Scheme A.
Proposal 8: If UE is capable of two CORESTPoolIndex reception and passes mDCI-based SDM tests, UE can skip sDCI-based FDM Scheme A. 
Our motivation to define PDSCH demodulation requirements with SDM scheme A is for UEs without capability of CORESETPoolIndex. Since PDSCH demodulation requirements with mDCI-based SDM scheme uses the metric as the 70% of the maximum throughput, we propose to use the same metric as sDCI-based FDM Scheme A.  
Proposal: RAN4 uses the 70% of maximum throughput as the test metric of PDSCH demodulation requirements for single-DCI based multi-TRP transmission. 

TDM Schemes
Single-DCI based TDM schemes are in principle same as slot aggregation discussed in eURLLC WI although the difference is eMIMO assumes two TRP transmission but eURLLC assumes single TRP transmission. Since eURLLC performance part has already agreed to define Type A PDSCH demodulation requirements with aggregation level 2, we think RAN4 does not need to define the PDSCH requirements with sDCI-based TDM scheme in eMIMO WI. 

5	Summary
Observation 1: No performance degradation for both mDCI-based FDM (SDM with non-overlapped) and sDCI-based SDM due to the frequency offset. 
Observation 2: Significant performance impact for both mDCI-based FDM (SDM with non-overlapped) and sDCI-based SDM due to the larger negative time offset. 
Proposal 1: UE receiver for multi-TRP PDSCH demodulation requirements is up to UE implementation. For alignment purpose, RAN4 should assume that UE always sets the FFT timing based on TCI state #0 (TRP1). 
​Proposal 2: Set timing offset to the value in the range Δt=2-μΔt1 with Δt1 = [-0.5, 2] μs. 
Proposal 3: TRS from different TRP should be non-collided. The signals/channels from all the TRPs should use the same Cell ID. 
Proposal 4: Configure 2T2R and 2T4R per TRP for multi-TRP PDSCH demodulation requirements.
Proposal 5: For frequency offset and timing offset:
· Set frequency offset (200Hz for FDD and 300kHz for TDD) and positive time offset (2us for FDD SCS=15kHz and 1us for TDD SCS=30kHz) for mDCI-based SDM. 
· Set frequency offset (200Hz for FDD and 300kHz for TDD) and negative time offset (-0.5us for FDD SCS=15kHz and -0.25us for SCS=30kHz) for sDCI-based SDM.
Proposal 6: Not to introduce test case(s) for multi-panel/TRP transmission schemes in FR2.
Proposal 7: RAN4 defines PDSCH demodulation requirements for sDCI-based FDM Scheme A.
Proposal 8: If UE is capable of two CORESTPoolIndex reception and passes mDCI-based SDM tests, UE can skip sDCI-based FDM Scheme A. 
Proposal: RAN4 uses the 70% of maximum throughput as the test metric of PDSCH demodulation requirements for single-DCI based multi-TRP transmission. 
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