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1	Introduction
RAN4#108 agreed with the way forward on UE demodulation and CSI requirements for FR2 multi-Rx DL reception [1]. This contribution discusses the remaining open issues on the PDSCH requirements with FR2 UE multi-Rx reception scenario. 
2	Discussion
2.1	sDCI-based transmission
2.1.1	Simulation results
For the sDCI-based SDM transmission scheme, according to the WF, there are two candidates for evaluation: 1+1 and/or 2+2. Since RAN4 are also discussing the time/frequency offset between two TRPs, we have 4 candidates in total as listed in Table 1. 
[bookmark: _Ref146205278]Table 1	Test case list for sDCI-based SDM transmission schemes for FR2 multi-Rx panel reception.
	Test number
	CBW/SCS (MHz/kHz)
	MCS per TRP
	Rank 
	Propagation
	Antenna configuration per TRP per Rx panel
	Cross talk power ratio (ρ)
	Time / Frequency offset

	1-1
	100/120
	MCS17
	1+1
	TDLA30-75
	2x2 XP (α=β=0, γ=0.0625)
	-6dB
	-0.0625us, 600Hz

	1-2
	100/120
	MCS17
	1+1
	TDLA30-75
	2x2 XP (α=β=0, γ=0.0625)
	-6dB
	0.25us, 0Hz

	2-1
	100/120
	MCS13
	2+2
	TDLA30-75
	2x2 XP (α=β=0, γ=0.0625)
	-12dB
	-0.0625us, 600Hz

	2-2
	100/120
	MCS13
	2+2
	TDLA30-75
	2x2 XP (α=β=0, γ=0.0625)
	-12dB
	0.25us, 0Hz



[bookmark: _Ref146205801]Table 2	Test parameters for sDCI-based SDM transmission schemes for FR2 multi-Rx panel reception. 
	Parameter
	Unit
	Value

	
	
	TRxP #1(Note 1)
	TRxP #2(Note 1)

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1

	
	CORESETPoolIndex
	
	0

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	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

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

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

	PDSCH DMRS configuration
	Antenna port indexes
	
	1000 for 1+1
1000-1001 for 2+2
	1002 for 1+1
1002-1003 for 2+2

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	Full-overlapping

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity.

	Note 1:	PDSCH transmission is done from both TRxPs (PDSCH Layer 0 is transmitted from TRxP #1 and PDSCH layer 1 is transmitted from TRxP #2)
Note 2:	PDSCH transmission is done from both TRxPs (PDSCH Layers 0 and 1 are transmitted from TRxP #1 and PDSCH layers 2 and 3 are transmitted from TRxP #2)
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	(a) With PN
	(b) Without PN



[bookmark: _Ref146207163]Figure 1	Simulation result of sDCI-based SDM schemes. 
Figure 1 shows our simulation results for sDCI-based SDM schemes, where we evaluated the cases with and without the phase noise with fc=30GHz. The common simulation parameters are listed in Table 2. Table 3 compares the simulation results about the SNR to achieve 70% of the peak rate.
[bookmark: _Ref146278575]Table 3	Summary of simulation results of sDCI-based SDM scheme.
	
	SNR (dB) to achieve 70% of the peak rate

	Test case options
	With PN
	Without PN

	1+1, MCS17, ρ=-6dB, TO/FO=-0.0625us/600Hz
	14.5
	14.4

	1+1, MCS17, ρ=-6dB, TO/FO=0.25us/0Hz
	14.3
	14.2

	2+2, MCS13, ρ=-12dB, TO/FO=-0.0625us/600Hz
	16.5
	16.3

	2+2, MCS13, ρ=-12dB, TO/FO=0.25us/0Hz
	17.2
	17.0



2.1.2	PTRS configuration
One of the opens issues on sDCI-based transmission is the PTRS configuration. 
	· Further evaluate both cases: one PTRS port across TRPs and one PTRS port for each TRP 
· Companies are encouraged to evaluate the performance impact and decide suitable parameters for each case.
· Test applicable rules can be considered based on UE capability.



From the simulation results in Table 3, the degradation due to the phase noise is 0.1-0.2dB. Considering the impairment margin provided by companies and additional margin on top of the average of impairment results, we think the impact of PN to the final PDSCH demodulation requirements is negligible. Moreover, since supporting 2-port DL PT-RS for sDCI-based SDM scheme is optional capability, we propose to configure one PTRS port across TRPs. 
Proposal 1: Configure one PTRS port across TRP for sDCI-based SDM scheme.
2.1.3	Test cases
Although we have evaluated 4 configuration combinations, RAN4 may reduce the test cases further. Considering the impairment margin and achievable SNR in OTA environment, we propose to consider two test cases. But we are fine to reduce further since RAN4 will also define mDCI-based requirements. 
Proposal 2: RAN4 consider the following PDSCH demodulation requirements with sDCI-based SDM scheme. 
· 1+1, MCS17, ρ=-6dB, TO/FO=0.25us/0Hz
· 2+2, MCS13, ρ=-12dB, TO/FO=-0.0625us/600Hz

2.2	mDCI-based transmission
2.2.1	Simulation results
For the mDCI-based transmission schemes, in our understanding, there are three candidates for evaluation, 1+1 with fill-overlapping, 2+2 full-overlapping, and 2+2 non-overlapping, as shown in Table 4. 
[bookmark: _Ref146553136]Table 4	Simulation parameters for mDCI-based transmission schemes for FR2 multi-Rx panel reception.
	
	Full-overlapping, 1+1
	Full-overlapping, 2+2
	Non-overlapping, 2+2

	UE processing
	Option 1: Independent processing
Option 2: Joint processing
	Independent processing

	CBW/SCS
	100MHz/120kHz
	100MHz/120kHz
	100MHz/120kHz

	PDSCH resource allocation
	66 per TRP
	66 per TRP
	33 per TRP

	DMRS ports
	TRP1: 1000
TRP2: 1002
	TRP1: 1000,1001
TRP2: 1002,1003
	TRP1: 1000,1001
TRP2: 1002,1003

	Propagation
	TDLA30-75
	Option 1: TDLA30-75
[Option 2: TDLA30-300]
	TDLA30-75

	Antenna configuration
	2x2, ULA Low per TRP

	2x2, ULA Low per TRP

	MCS index (MCS table 1)
	64QAM, 0.43 (MCS17)
	16QAM, 0.48 (MCS13)
	16QAM, 0.48 (MCS13)

	Time offset / Frequency offset
	Option 1: (-0.0625us, 600Hz)
Option 2: (0.25us, 0Hz)
[Option 3: (0.25us, 600Hz)]
	(-0.0625us, 600Hz)

	Cross talk power ratio (ρ)
	-6 dB
	-12 dB
	None

	TDD pattern
	DDDSU
	DDDSU
	DDDSU



2.2.1.1	mDCI-based full-overlapping 1+1
[image: ]
[bookmark: _Ref146553183]Figure 2	Simulation results of mDCI-based full-overlapping transmission 1+1, cross talk: -6dB
Figure 2 shows the simulation results of mDCI-based full-overlapping 1+1 scenario. According to the simulation results, it is clearly observed the performance difference between independent processing (Ind Proc.) and joint processing (Joint Proc.) about SNRs to achieve 70% of the peak rate. 
Since the inter-TRP cross talk factor comes from the network deployment scenario and UE could have different implementation for FR2 multi-Rx reception, we propose to introduce UE capability for FR2 multi-Rx processing, and define two sets of requirements. 
Observation 1: The performance difference between independent processing and joint processing about SNRs to achieve 70% of the peak rate is significant (~2dB) for mDCI-based full-overlapping 1+1 scenario under cross talk factor of -6dB.
Proposal 3: Introduce UE receiver capability for FR2 multi-Rx reception, i.e., independent processing and joint processing, and define two sets of UE demodulation requirements for mDCI-based full-overlapping 1+1 scenario, according to the UE receiver capability. 
2.2.1.2	mDCI-based full overlapping 2+2
[image: ][image: ]
	(a) TDLA30-35
	(b) TDLA30-300



[bookmark: _Ref146553186]Figure 3	Simulation results of mDCI-based full-overlapping transmission 2+2 TDL30-35, cross talk: -12dB.
Figure 3 shows the simulation results of mDCI-based full-overlapping 2+2 scenario. Regarding the channel model options, RAN4 has another WI called FR2 HST enhancements, where RAN4 has already agreed to define the multi-Rx simultaneous reception scenario with very high Doppler shift. Therefore we are fine to focus on TDLA30-35 in this WI. 
Proposal 4: Set TDLA30-35 for mDCI-based full-overlapping transmission 2+2. 
If we focus on TDLA30-35, unlike 1+1 with cross talk factor of -12dB, we don’t observe the significant performance difference between independent processing and joint processing, because of the lower cross talk impacts. For this scenario, we think a single test case is enough reduce the total number of test cases. If we review the simulation results TO/FO=0.025us/0Hz is a good option.
Proposal 5: Consider single UE demodulation requirements for mDCI-based full-overlapping 2+2 scenario.

2.2.1.3	mDCI-based non-overlapping 1+1
[image: ]
[bookmark: _Ref146553189]Figure 4	Simulation results of mDCI-based non-overlapping transmission 2+2 TDL30-35.
Figure 4 shows the simulation results of mDCI-based non-overlapping 2+2 scenario. Since PDSCH REs are not overlapped between two TRPs, theoretically we should not expect any performance difference between independent processing and joint processing. 
Proposal 6: Consider single UE demodulation requirements for mDCI-based non-overlapping 2+2 scenario.
Regarding the requirements we propose to define the following test case considering the UE capability and minimizing the number of test cases.
Proposal 7: Define the PDSCH demodulation requirements for FR2 multi-Rx reception as follows.
	Test number
	Transmission scheme
	MCS, Rank
	Inter-TRP cross talk factor (ρ)
	Time offset, Frequency offset
	Notes

	1
	sDCI-based SDM
	1+1, MCS17
	-6dB
	(0.25us, 0Hz)
	

	2
	sDCI-based SDM
	2+2, MCS13
	-12dB
	(-0.0625us, 600Hz)
	

	3
	mDCI-based full-overlapping
	1+1, MCS17
	-6dB
	(-0.0625us, 600Hz)
	Two sets of requirements according to UE receiver capability.

	4
	mDCI-based full-overlapping
	2+2, MCS13
	-12dB
	(0.025us, 0Hz)
	

	5
	mDCI-based non-overlapping
	2+2, MCS13
	N/A
	(-0.0625us, 600Hz)
	Applicable only when UE does not support full-overlapping in mDCI transmission.


 
3	Summary
Proposal 1: Configure one PTRS port across TRP for sDCI-based SDM scheme.
Proposal 2: RAN4 consider the following PDSCH demodulation requirements with sDCI-based SDM scheme. 
· 1+1, MCS17, ρ=-6dB, TO/FO=0.25us/0Hz
· 2+2, MCS13, ρ=-12dB, TO/FO=-0.0625us/600Hz
Observation 1: The performance difference between independent processing and joint processing about SNRs to achieve 70% of the peak rate is significant (~2dB) for mDCI-based full-overlapping 1+1 scenario under cross talk factor of -6dB.
Proposal 3: Introduce UE receiver capability for FR2 multi-Rx reception, i.e., independent processing and joint processing, and define two sets of UE demodulation requirements for mDCI-based full-overlapping 1+1 scenario, according to the UE receiver capability. 
Proposal 4: Set TDLA30-35 for mDCI-based full-overlapping transmission 2+2. 
Proposal 5: Consider single UE demodulation requirements for mDCI-based full-overlapping 2+2 scenario.
Proposal 6: Consider single UE demodulation requirements for mDCI-based non-overlapping 2+2 scenario.
Proposal 7: Define the PDSCH demodulation requirements for FR2 multi-Rx reception as follows. 
	Test number
	Transmission scheme
	MCS, Rank
	Inter-TRP cross talk factor (ρ)
	Time offset, Frequency offset
	Notes

	1
	sDCI-based SDM
	1+1, MCS17
	-6dB
	(0.25us, 0Hz)
	

	2
	sDCI-based SDM
	2+2, MCS13
	-12dB
	(-0.0625us, 600Hz)
	

	3
	mDCI-based full-overlapping
	1+1, MCS17
	-6dB
	(-0.0625us, 600Hz)
	Two sets of requirements according to UE receiver capability.

	4
	mDCI-based full-overlapping
	2+2, MCS13
	-12dB
	(0.025us, 0Hz)
	

	5
	mDCI-based non-overlapping
	2+2, MCS13
	N/A
	(-0.0625us, 600Hz)
	Applicable only when UE does not support full-overlapping in mDCI transmission.
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