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Background
As per WID [1], demodulation part for NR FR2 multi-Rx chain DL reception should be discussed from this meeting.
	Objective of Performance part WI
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· RRM Performance requirements and test cases corresponding to the new core requirements
· RRM test cases to verify the UE behavior/functionalities needed to support this feature in case existing requirements are reused
· UE demodulation requirements:
· Specify performance requirements for enhanced FR2-1 UEs supporting up to 4 DL MIMO layers with dual TCI with different QCL typeD on a single component carrier.
· Demod requirements on up to 4 DL MIMO layers
· CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 mTRP Type I codebook
· Extension of requirements to cover intra-band CA can be considered after the single carrier requirements are defined

NOTE:
− For the dual-TCI demodulation requirement case, focus on UEs supporting “simultaneousReceptionDiffTypeD-r16” UE capability, and for the 2- or 4-layer downlink MIMO reception, focus on UEs supporting the basic mTRP CSI reporting capability (FG 23-7-1/1b of NR FeMIMO).



In this contribution, we share our views about the UE demodulation requirements for NR FR2 multi-Rx chain DL reception.
Discussion
Test scope
In Rel-16 eMIMO WI, only limited cases are defined considering the balance of test effort and test coverage. For NR FR2 multi-Rx chain DL reception, there should be similar discussion.
Demod requirements on up to 4 DL MIMO layers
Multi-DCI based multi-TRP
For multi-DCI based multi-TRP transmission scheme. Based on TR 38.822, non-overlapping case is the basic feature while fully/partially overlapping case is the sub-feature for multi-DCI based multi-TRP. To reduce the test effort, we should focus on the basic feature, i.e. only consider non-overlapping cases that is same as FR1 discussion.
Only define non-overlapping cases for multi-DCI based multi-TRP transmission scheme.
Single-DCI based multi-TRP
For single-DCI based multi-TRP transmission scheme, same as FR1 discussion, SDM and FDM SchemeA cases can be defined. Also considering that there is no simultaneous DL reception for TDM features for multi-TRP scenario, so TDM cases are out of scope as per WID. Therefore, we propose to only define SDM and FDM SchemeA cases for single-DCI based multi-TRP transmission scheme.
Only define SDM and FDM SchemeA cases for single-DCI based multi-TRP transmission scheme.
CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 mTRP Type I codebook
In Rel-17 RAN1 discussion, Rel-16 single-DCI based multi-TRP scheme (scheme 1a) is enhanced and UE is required to report two RIs, two PMIs, two LIs and one CQI per codeword. In Rel-17 RAN4 discussion, only single-DCI based multi-TRP scheme PMI reporting cases are defined considering the test effort and also that there is more performance gain from PMI reporting than other reporting items. In Rel-18, the applicable scenario is extended to higher frequencies with multi-panel reception. As the same reasons, we propose to only define single-DCI based multi-TRP scheme PMI reporting cases.
Only define single-DCI based multi-TRP scheme PMI reporting cases.
Test scope summary (Rel-16 and Rel-17)
As a summary, the test scope for Rel-16 defined and Rel-17 proposed multi-TRP demodulation requirements are shown as following table.
Overview of RAN1 features and RAN4 scope in Rel-16 and Rel-17 are shown below.
	
	Rel-16 RAN1 features
	Is in Rel-16 RAN4 scope
	Proposed Rel-17 RAN4 scope

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

	
	fully overlapping
	×
	×

	
	partially overlapping
	×
	×

	Single-DCI based multi-TRP
	SDM
	√
	√

	
	FDM SchemeA
	√
	√

	
	FDM SchemeB
	×
	×

	
	TDM SchemeA
	×
	×

	
	inter-slot TDM
	√
	×



Test method
In TS 38.101-4, the AoA is selected based on the following method.
	Unless otherwise stated, the downlink signal and noise are aligned to the direction with the following criteria:
-	Select the known Rx beam peak direction reused from RF testing if available, as far as it satisfies the minimum isolation requirement defined in TS 38.521-4 [16] and rank number in TS 38.521-4 [16] corresponding to the test cases 
-	Otherwise select one direction which satisfies the REFSENS defined in TS 38.101-2 [7], minimum isolation requirement defined in TS 38.521-4 [16] and rank number in TS 38.521-4 [16] corresponding to the test cases.



We can see that the Rx beam peak is selected reused from RF testing in 1 AoA demodulation cases to reduce test complexity. However, in 2AoA cases, it is unclear to use the concept of “beam peak”, best beam pair under some metric should be considered instead. Currently, the UE RF requirements are still under discussion, so we can wait RF agreement and then discuss whether to reuse the same metric to find the best beam pair for demodulation cases if feasible. In case the best beam pair found by reusing same metric as RF side is not feasible for demodulation test since reason such as too low testable SNR from one AoA, to achieve higher enough testable SNR from both AoAs, we propose to select the beam pair direction, which minimum EIS value is selected for the worse beam in beam pair from all candidate beam pairs.
Wait RF agreement and then discuss whether to reuse the same metric to find the best beam pair for demodulation cases if feasible.
In case the best beam pair found by reusing same metric as RF side is not feasible for demodulation test since reason such as too low testable SNR from one AoA, to achieve higher enough testable SNR from both AoAs, select the beam pair direction, which minimum EIS value is selected for the worse beam in beam pair from all candidate beam pairs.
Test parameters
General
Based on calculation method defined in TR 38.810, the maximum testable SNR using DFF test method for single band UE are shown as following table. In 2AoA cases, the maximum testable SNR is up to the conclusion of the test method and can be further reduced since it cannot be ensured that both two AoA are at the best position.
	Channel Bandwidth
	Maximum SNR

	50 MHz
	22.6 dB

	100 MHz
	19.4 dB

	200 MHz
	16.4 dB



[bookmark: _Hlk127526689]In FR1 multi-TRP requirements, the SNR value in some cases are larger than 20dB. Comparing to the maximum testable SNR value, those cases cannot be directly reused for FR2 requirements. To ensure the test feasibility as much as possible, some modification from FR1 cases should be considered such as reduce the channel bandwidth, reduce MCS and reduce number of layers based on simulation results.
To ensure the test feasibility as much as possible, some modification from FR1 cases should be considered such as reduce MCS and reduce number of layers based on simulation results.
SCS & Bandwidth
For the SCS, we propose to use 120kHz that is more typical in the real network. For the bandwidth, further evaluate is needed based on the conclusion of the test feasibility issue mentioned above.
Select 120kHz SCS for all cases.
For the bandwidth, further evaluate is needed based on the conclusion of the test feasibility issue mentioned above.
Propagation condition
For the propagation condition, we propose to select TDLA30-75 for all cases.
Select TDLA30-75 for all cases.
Demod requirements on up to 4 DL MIMO layers
Timing offset of the second TRxP from the first TRxP
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

	Single-DCI based multi-TRP
	SDM
	0.25

	
	FDM SchemeA
	-0.0625



Frequency offset of the second TRxP from the first TRxP
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.
Rank & MCS
For the rank and MCS, considering test feasibility issue mentioned above, further evaluation is needed. We propose to use the following value for initial evaluation.
Use the following value for initial evaluation.
	
	Rank
	MCS

	Multi-DCI based multi-TRP
	non-overlapping
	2+2
	13,17

	Single-DCI based multi-TRP
	SDM
	1+1
	13,17

	
	FDM SchemeA
	2+2
	13



CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 mTRP Type I codebook
For PMI reporting cases, most test parameters from Rel-17 FR1 multi-TRP enhancement on CSI can be reused, such as timing offset, frequency offset, number of antenna ports, CSI-RS configuration and so on.
Select the following test parameter value for CSI reporting cases.
	Parameter
	Value

	timing offset
	0

	frequency offset
	0

	number of antenna ports
	8 (4+4)

	NZP CSI-RS resource
	Aperiodic

	Reporting config type
	Aperiodic

	RI restriction
	00000001 (1 MIMO layer per TRxP)

	MCS
	13



Proposals
In this contribution, we discuss on UE demodulation requirements for NR FR2 multi-Rx chain DL reception. Our observations and proposals are:
1. Only define non-overlapping cases for multi-DCI based multi-TRP transmission scheme.
Only define SDM and FDM SchemeA cases for single-DCI based multi-TRP transmission scheme.
Only define single-DCI based multi-TRP scheme PMI reporting cases.
1. Overview of RAN1 features and RAN4 scope in Rel-16 and Rel-17 are shown below.
	
	Rel-16 RAN1 features
	Is in Rel-16 RAN4 scope
	Proposed Rel-17 RAN4 scope

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

	
	fully overlapping
	×
	×

	
	partially overlapping
	×
	×

	Single-DCI based multi-TRP
	SDM
	√
	√

	
	FDM SchemeA
	√
	√

	
	FDM SchemeB
	×
	×

	
	TDM SchemeA
	×
	×

	
	inter-slot TDM
	√
	×



Wait RF agreement and then discuss whether to reuse the same metric to find the best beam pair for demodulation cases if feasible.
In case the best beam pair found by reusing same metric as RF side is not feasible for demodulation test since reason such as too low testable SNR from one AoA, to achieve higher enough testable SNR from both AoAs, select the beam pair direction, which minimum EIS value is selected for the worse beam in beam pair from all candidate beam pairs.
To ensure the test feasibility as much as possible, some modification from FR1 cases should be considered such as reduce MCS and reduce number of layers based on simulation results.
Select 120kHz SCS for all cases.
For the bandwidth, further evaluate is needed based on the conclusion of the test feasibility issue mentioned above.
Select TDLA30-75 for all cases.
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.
Use the following value for initial evaluation.
	
	Rank
	MCS

	Multi-DCI based multi-TRP
	non-overlapping
	2+2
	13,17

	Single-DCI based multi-TRP
	SDM
	1+1
	13,17

	
	FDM SchemeA
	2+2
	13



Select the following test parameter value for CSI reporting cases.
	Parameter
	Value

	timing offset
	0

	frequency offset
	0

	number of antenna ports
	8 (4+4)

	NZP CSI-RS resource
	Aperiodic

	Reporting config type
	Aperiodic

	RI restriction
	00000001 (1 MIMO layer per TRxP)

	MCS
	13
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