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Background
During RAN4#106 meeting, WF [1] for UE demodulation and CSI requirements of Rel-18 NR FR2 multi-Rx chain DL reception was approved. In this contribution, we share our views about UE PDSCH demodulation requirements for NR FR2 multi-Rx chain DL reception.
Discussion
Requirements for single-DCI and multi-DCI scenarios
	[bookmark: _Hlk131789676]Whether to introduce requirements for both single-DCI and multi-DCI scenarios
· Agreement:
· For initial evaluation purpose, below transmission schemes with layer combinations considered
· Single DCI with SDM scheme: 1+1 and 2+2 as layer combination
· Multi-DCI with fully overlapping scheme: 1+1 and 2+2(high priority) as layer combination 
· Multi-DCI with non-overlapping scheme: 2+2 as layer combination
· Receiver assumption: MMSE-IRC
· Option 1: UE joint processing with 4x4  
· Option 2: UE processing with 2x2 per TRP 



As per our simulation paper [2], with separate processing with 2x2 channel matrix per TRP (MCS 17 assumed same as FR1 multi-TRP cases), we can see that it is feasible for rank 1+1 for both single-DCI and multi-DCI, both non-overlapping and fully-overlapping, both lower and higher inter-TRP interference cases. However, for rank 2+2, it is feasible for lower inter-TRP interference cases but challenge for higher inter-TRP interference cases with fully-overlapping scheduling (cannot achieve maximum throughput). To make this case feasible, reduced MCS can be further evaluated, such as MCS 13 or lower.
Use MCS 13 or lower for defining rank 2+2, higher inter-TRP interference cases with fully-overlapping scheduling.
Use MCS 17 for rank 1+1 cases or lower inter-TRP interference cases or non-overlapping case.
PN model and PN compensation
	[bookmark: _Hlk131789638]PN model and PN compensation
Tentative Agreement:
· For evaluation, consider PN impact for the decision of MCS, based on expected PN degradation of [X] dB; Interested companies can bring performance simulations with and without PN modelling in the next meeting. 
· Consider Example 2 with priority; 
· Consider PN Models for FC = [30, 47] GHz;
· For requirements: [pending PN discussion in the evaluation phase];



As per our simulation paper [2], with MCS 17 that is same as FR1 multi-TRP cases, the maximum performance degradation is about 0.5dB for 30GHz carrier frequency and 1.5dB for 47GHz carrier frequency. From our understanding, such degradation under 47GHz is not negligible so addition margin should be added case by case, same as 47G WI did.
Addition margin should be added case by case for 47GHz carrier frequency.
SCS/Bandwidth
	[bookmark: _Hlk131789783]SCS/Bandwidth
· Tentative agreement:
· Encourage interested companies to provide simulation results with 120kHz/100 MHz with priority;
· Interested companies are welcome to provide simulations with 120kHz/200MHz, to investigate SNR limitations for this BW based on evaluation results;



As per our simulation paper [2], the maximum SNR point is about 22dB that may not feasible for the test even if we use 50MHz full bandwidth allocation. To make the maximum testable SNR larger, smaller number of PRBs is expected to be scheduled, i.e. not full bandwidth allocation can be considered if needed.
Not full bandwidth allocation can be considered if needed.
PTRS pattern
	[bookmark: _Hlk131789861]PTRS pattern
· Proposals
· Option 1:
· Consider Rel-15 PTRS pattern, K = 2, L = 1.
· Option 2: 
· One port per TRP for PTRS for both sDCI and mDCI configurations.



For the PTRS pattern, Rel-15 PTRS pattern can be selected as baseline, i.e. K = 2, L = 1. However, UE supporting one port per TRP for PTRS for single-DCI SDM scheme is up to UE capability. So we prefer to only configure one port PTRS for single-DCI SDM scheme for FR2 multi-Rx demodulation requirements.
	supportTwoPortDL-PTRS-r16
Indicates whether UE supports 2-port DL PT-RS. UE supports this feature should indicate support singleDCI-SDM-scheme-r16 for the band.
	Band
	No
	N/A
	N/A



Rel-15 PTRS pattern can be selected as baseline, i.e. K = 2, L = 1.
Only configure one port PTRS for single-DCI SDM scheme for FR2 multi-Rx demodulation requirements.
Time/frequency offsets and power imbalance between TRPs
	Time/frequency offsets and power imbalance between TRPs
· Proposals
· Option 1:
· Consider reasonable time and frequency offsets between TRPs suitable for FR2, e.g., scale time and frequency offsets assumed in Rel-17 FR1 mTRP requirements as a starting point.
· Option 2:
· As staring point of NR FR2-1 multi-Rx chain DL reception, timing offset of the second TRP from the first TRP:  FR2-1 TDD (120 kHz SCS): 0.25 us, -0.0625 us
· As staring point of NR FR2-1 multi-Rx chain DL reception, frequency offset of the second TRP from the first TRP for FR2 TDD (120 kHz SCS) set as 600Hz and decide the final frequency offset value according simulation results. 
· For NR FR2-1 multi-Rx chain DL reception, consider the power imbalance configuration for different TRPs, the power difference value should be in limited range of [X]dB, e.g. X=3.
· Option 3: 
· Select following value for timing offset of the second TRxP from the first TRxP for demodulation cases.
	
	Timing offset[us]

	Multi-DCI based multi-TRP
	non-overlapping
	-0.0625

	Single-DCI based multi-TRP
	SDM
	0.25

	
	FDM SchemeA
	-0.0625



· Select 3000Hz frequency offset for all demodulation cases.



In FR1 multi-TRP discussion small negative or large positive timing offset are selected for different cases to satisfy the test coverage due to assumption of one FFT processing window as baseline. If we follow such principle or assumption, smaller timing offset should be selected considering smaller coverage for FR2 scenario deployment. By scaling of the FR1 timing offset value for multi-TRP cases, -0.0625us and 0.25us can be reasonable value.
Select following value for timing offset of the second TRxP from the first TRxP for demodulation cases.
	
	Timing offset[us]

	Multi-DCI based multi-TRP
	non-overlapping
	-0.0625

	
	full-overlapping
	-0.0625

	Single-DCI based multi-TRP
	SDM
	0.25



The frequency offset can be select as the 0.1ppm that is the maximum BS frequency error based on TS 38.104. So we propose to select 3000Hz frequency offset for all demodulation cases that is the value at the carrier frequency 30GHz.
Select 3000Hz frequency offset for all demodulation cases.
Proposals
In this contribution, we discuss on UE PDSCH demodulation requirements for NR FR2 multi-Rx chain DL reception. Our observations and proposals are:
1. Use MCS 13 or lower for defining rank 2+2, higher inter-TRP interference cases with fully-overlapping scheduling.
Use MCS 17 for rank 1+1 cases or lower inter-TRP interference cases or non-overlapping case.
Addition margin should be added case by case for 47GHz carrier frequency.
Not full bandwidth allocation can be considered if needed.
Rel-15 PTRS pattern can be selected as baseline, i.e. K = 2, L = 1.
Only configure one port PTRS for single-DCI SDM scheme for FR2 multi-Rx demodulation requirements.
Select following value for timing offset of the second TRxP from the first TRxP for demodulation cases.
	
	Timing offset[us]

	Multi-DCI based multi-TRP
	non-overlapping
	-0.0625

	
	full-overlapping
	-0.0625

	Single-DCI based multi-TRP
	SDM
	0.25



Select 3000Hz frequency offset for all demodulation cases.
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