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1. Introduction
In Rel-15 NR FR2 UE’s requirements only are defined as that UE is equipped with a single antenna panel and capable to perform DL reception using a single RX beam/chain reception. Thus, UE performance requirements are limited for DL MIMO rank 1 and 2. In Rel-16 DL transmission scheme with simultaneous multi-beam reception from multi-TRP/panel was introduced in RAN1. FR2 UE capability for simultaneous multi-beam reception was introduced (simultaneousReceptionDiffTypeD-r16). However, no RAN4 related RF, RRM or performance requirements defined in Rel-16 and Rel-17 for FR2 UEs. Fortunately, the Rel-18 FR2-1 multi-Rx chain DL reception requirements work item was approved [1] in RAN#95e meeting, and the objectives were revised by updating relevant RF objective for spherical coverage [2] in RAN#96 meeting. The overall objective of the multi-Rx chain DL reception WI is to enable a UE to receive up to 4L “with simultaneous DL reception with two different QCL TypeD RSs on single component carrier” [1]. Discussions for NR FR2-1 multi-Rx chain DL reception has introduced in RAN4 since RAN4#104e meeting. Until now related discussions about FR2-1 UE RF, RRM and test methodologies are still ongoing. While this is the first meeting to touch NR FR2-1 multi-Rx chain DL reception demodulation performance and CSI requirements part. It is worth mentioning that the demodulation performance and CSI requirements contained in the WID [2] are as below.
	4.2	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 provide our views on NR FR2 multi-Rx chain DL reception demodulation performance and CSI requirements. 
2. Discussion
2.1 Test scope
The agreements about the definition of UE panel and UE antenna module in RAN4 #105 WF [3]. Thus, the discussion in demodulation section should base on the same assumption as UE RF agreement.
	On ’antenna module’ and “panel” 
Agreement: 
· The terms ‘antenna module’ and “panel” are not referenced in the final UE RF requirement and test configuration
· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on Proposal 1 of 1.2.11
· On “panel”, 
·  ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
· Confirm that a physical panel with dual polarization is assumed as two “panels”. 
· [Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
· Antenna panels used to receive two AoAs simultaneously is up to UE implementation]


Proposal 1: The discussion about multi-Rx chain DL reception should base on the same assumption about the definition of UE panel and UE antenna module as UE RF agreement.
As mentioned in [4], for enhanced FR2-1 UEs supporting up to 4 DL MIMO layers can increase FR2-1 peak throughput via support of 4 DL MIMO layers, and support of multi-beam simultaneous reception can be helpful to ensure robust UE connectivity to the network and enable efficient multi-TRP/Panel operation. 3GPP 38.101-4 has introduced multi-TRP/Panel performance requirements cases for FR1 in Rel-16, but the maximum number of total layers is limited to two layers. 
Observation 1:  For the demodulation performance requirements introduced in RAN4 of NR FR1 multi-TRPs, the maximum number of total layers is limited to two layers.
Proposal 2: Define demodulation performance requirements in RAN4 for NR FR2-1 multi-Rx chain DL reception, and the maximum number of total layers up to 4 layers.

Figure 1. Single-DCI and Multi-DCI transmission schemes
According to agreed eMIMO UE feature list in RAN1, there are single-DCI and multi-DCI transmission schemes based on multi-TRP/Panel transmission as described in Figure 1. And for single-DCI scheme, there are several transmsision schemes including “SDM scheme”, “FDMscheme A”, ”FDM scheme B”,”TDM scheme A” and ”Inter-slot TDM scheme”, for multi-DCI scheme, fully/partially overlapping PDSCH in time/frequency, and these transmsision schemes are separate UE sub-features under eMIMO WI. From UE receiver processing aspect, single-DCI and multi-DCI are two different transmission schemes including the difference among PDCCH scheduling, TCI state configuration and DMRS port mapping etc. From network deployment aspect, single-DCI and multi-DCI schemes are related different deployment scenarios i.e. single-DCI based on scheme majorly target for co-location and/or ideal-backhaul deployment and multi-DCI based on scheme target for separate location and/or non-ideal backhaul deployments with multi-TRPs transmission. Therefore, demodulation requirements should be defined for both single-DCI and multi-DCI schemes. 
Proposal 3: Both single-DCI and multi-DCI scenarios should be introduced in NR FR2-1 multi-Rx chain DL reception demodulation performance requirement.
2.2 PDSCH requirements
Currently, RAN4 has introduced three multi-TRP/Panel performance requirements cases for FR1 eMBB scenario, in which two cases for single-DCI SDM transmission scheme with different timing/frequency offsets and one case for multi-DCI FDM non-overlapping. As WI mentioned in [2] “Demod requirements on up to 4 DL MIMO layers”, for FR2-1, we’d like to propose add one more case of 4 layer for Multi-DCI scenario in addition to reuse current 3 multi-TRP/Panel performance requirements cases for FR1 eMBB scenario, with necessity updates, e.g. QCL-info, timing offset, frequency offset. 
Proposal 4: For NR FR2-1 multi-Rx chain DL reception, add one more case for Multi-DCI scenario, with 2+2 layers SDM transmission scheme. 
Proposal 5: For NR FR2-1 multi-Rx chain DL reception, reuse current three multi-TRP/Panel performance requirements cases for FR1 eMBB scenario, with necessity updates, e.g. QCL-info, timing offset, frequency offset. Meanwhile, update one single-DCI multi-TRP/Panel performance requirement case to 2+2 layers SDM transmission scheme in order to reach up to 4 DL MIMO layers.
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Figure 2. TCI state configuration example for NCJT multi-TRP/Panel transmission
For the TCI state, the reference for beam direction related to the QCL type D RS. Regarding Rx spatial parameter, from RAN1 design perspective, Transmissions from different TRP/Panel can be associated with different Rx beam directions, and different QCL type D information can be indicated by single/multi-DCIs.
Proposal 6: For NR FR2-1 multi-Rx chain DL reception, TCI configuration of QCL type D should be introduced as below.
	TCI index
	Information
	FR2

	TCI state #0
	Type 1 QCL information 
	SSB index
	SSB #0

	
	
	QCL Type
	Type C

	
	Type 2 QCL information
	SSB index
	SSB #0

	
	
	QCL Type
	Type D

	TCI state #1
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource X from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	CSI-RS resource X from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type D

	TCI state #2
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource Y from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	CSI-RS resource Y from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type D


Rx timing offset between two QCL Type D RSs should be considered. Before Rel-18, RAN1 describes UE with assumption that UE may receive DL transmission from multiple TRPs within a CP. If the timing offset from two directions of two QCL Type D RSs is larger than CP, two FFTs and time estimation/tracking/compensation modules are needed. As the timing offset is agnostic to UE until it has estimated, if larger than CP scenario is considered, UE need to have two independent FFTs and time estimation/tracking/compensation modules for both timing offset within CP and RTD larger than CP case. From UE point of view, the complexity of UE implementation need to be increased. Anyway, RAN4 demodulation requirements only need to consider timing offset within one CP as the compensation modules could adjust it to within one CP finally. 
Regarding detailed time/frequency offset among two TRP/Panel, we need to decide proper values with comprehensive consideration of realistic deployment scenarios, transmitter impairment performance in BS side, and acceptable performance loss with proper UE processing in receiver side and enough performance gap to differentiate UE behaviour. 
We can take experience from Rel-11 TM10 QCL Behaviour B and Rel-16 FR1 multi-TRP/Panel test cases as starting point based on the assumption of single FFT operation (R4-130309, R4-130308, and R4-2003885). 
For timing offset, {2us, -0.5us} were used in Rel-11 TM10 and Rel-16 FR1 FDD test cases considering different performance impact with negative and positive timing offset refer to FFT window. 

 
Figure 2. Timing offset compensation option 2 from Samsung R4-130309
Proposal 7: 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
For frequency offset, 0.1 ppm was specified as minimum RF frequency requirement for BS absolute frequency error. In reality, better performance can be achievable especially for multi-TRP/Panel deployment scenarios when these TRPs/Panels share same reference LO.  For FR2-1, it would be multi-TRP/Panel deployment, which share same PLL and the frequency offset would be quite small in BS transmitter side for FR2-1. As Rel-16 FR1 FDD (15kHz SCS) has introduced 200Hz frequency for multi-TRP/Panel demodulation performance requirement, we want to propose 600Hz for FR2-1 TDD (120kHz SCS) multi-Rx chain DL reception as a starting point, and decide the final frequency offset according simulation results.
Proposal 8: 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. 
With the UE movement, the powers received from multi-TRP/Panel may be different. Although high power imbalance scenario is hard to achieve 4 MIMO layers reception, medium or low power imbalance between different TRPs is still the majority deployment scenario of multi-Rx chain DL reception. Thus, we propose to consider the power imbalance configuration for different TRPs, and the proposed imbalanced powers of different TRPs should be in limited range, for example, the power difference between two TRPs should be limited in 3dB. 
Proposal 9: 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. 
Furthermore, the PDCCH detection complexity of multi-DCI scheme is higher than single-DCI scheme. Just from technical point of view, when the UE could support multi-DCI scheme, it also could support single-DCI scheme. Therefore, it is reasonable to define test applicability, which once UE could pass multi-DCI related demodulation performance requirement cases of NR FR2-1 multi-Rx, it can skip the single-DCI related demodulation performance requirement cases.
Proposal 10: For NR FR2-1 multi-Rx chain DL reception, define test applicability, which once UE could pass multi-DCI related demodulation performance requirements, it can skip the single-DCI related demodulation performance requirements.
2.3 PDCCH requirements
For PDCCH, Rel-17 PDCCH repetition multi-TRP transmission support TDM and FDM scheme. This feature was introduced to improve DL performance robust on control channel. From UE processing aspect for TRS tracking, UE’s behaviour shall be similar as Rel-16 multi-TRP PDSCH repetition transmission schemes. Meanwhile, this feature was separate feature compared to Rel-16 multi-TRP PDSCH repetition with different physical channels. We prefer to introduce dedicated test case for PDCCH requirements to verify UE supporting multi-TRP repetition transmission schemes on PDCCH channel as FR1 multi-TRP did. 
Proposal 11: Introduce PDCCH requirements for NR FR2-1 multi-Rx chain DL reception scheme.
2.4 CSI requirements
As description in the WID [2] about FR2-1 CSI requirements “CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 multi-TRP Type I codebook”, and only PMI related CSI requirements was introduced for FR1 single-DCI based multi-TRP/Panel transmission scheme in Rel-17, we prefer only to define PMI reporting requirement for FR2-1 multi-Rx chain scheme.
Proposal 12: Define Type I codebook based PMI reporting requirements for single-DCI based multi-Rx chain DL reception scheme with full overlapped resource allocation (SDM) in NR FR2-1.
As a starting point of the test set-up for multi-Rx chain PMI reporting, below parameters could be used.
Proposal 13: For NR FR2-1 multi-Rx chain DL reception scheme, introduce PMI test cases with following test set-up as starting point
–	MIMO correlation: XP-High
–	Test metric: Following PMI/random PMI with Type I codebook
–	Reference Test point: [90] %
–	Number of CSI ports per TRP: 4 or 8 ports
–	MIMO layers per TRP: 2 layers
–	Number of UE Rx antennas: 4
2 Conclusion
In this contribution, we provide analysis and views on demodulation and CSI requirements of NR FR2-1 multi-Rx chain DL reception.
Proposal 1: The discussion about multi-Rx chain DL reception should base on the same assumption about the definition of UE panel and UE antenna module as UE RF agreement.
Observation 1:  For the demodulation performance requirements introduced in RAN4 of NR FR1 multi-TRPs, the maximum number of total layers is limited to two layers.
Proposal 2: Define demodulation performance requirements in RAN4 for NR FR2-1 multi-Rx chain DL reception, and the maximum number of total layers up to 4 layers.
Proposal 3: Both single-DCI and multi-DCI scenarios should be introduced in NR FR2-1 multi-Rx chain DL reception demodulation performance requirement.
Proposal 4: For NR FR2-1 multi-Rx chain DL reception, add one more case for Multi-DCI scenario, with 2+2 layers SDM transmission scheme. 
Proposal 5: For NR FR2-1 multi-Rx chain DL reception, reuse current three multi-TRP/Panel performance requirements cases for FR1 eMBB scenario, with necessity updates, e.g. QCL-info, timing offset, frequency offset. Meanwhile, update one single-DCI multi-TRP/Panel performance requirement case to 2+2 layers SDM transmission scheme in order to reach up to 4 DL MIMO layers.
Proposal 6: For NR FR2-1 multi-Rx chain DL reception, TCI configuration of QCL type D should be introduced as below.
	TCI index
	Information
	FR2

	TCI state #0
	Type 1 QCL information 
	SSB index
	SSB #0

	
	
	QCL Type
	Type C

	
	Type 2 QCL information
	SSB index
	SSB #0

	
	
	QCL Type
	Type D

	TCI state #1
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource X from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	CSI-RS resource X from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type D

	TCI state #2
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource Y from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	CSI-RS resource Y from ‘CSI-RS for tracking’ configuration
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Proposal 7: 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
Proposal 8: 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 (120kHz SCS) set as 600Hz, and decide the final frequency offset value according simulation results. 
Proposal 9: 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. 
Proposal 10: For NR FR2-1 multi-Rx chain DL reception, define test applicability that once UE could pass multi-DCI related demodulation performance requirements, it can skip the single-DCI related demodulation performance requirements.
Proposal 11: Introduce PDCCH requirements for NR FR2-1 multi-Rx chain DL reception scheme.
Proposal 12: Define Type I codebook based PMI reporting requirements for single-DCI based multi-Rx chain DL reception scheme with full overlapped resource allocation (SDM) in NR FR2-1.
Proposal 13: For NR FR2-1 multi-Rx chain DL reception scheme, introduce PMI test cases with following test set-up as starting point
–	MIMO correlation: XP-High
–	Test metric: Following PMI/random PMI with Type I codebook
–	Reference Test point: [90] %
–	Number of CSI ports per TRP: 4 or 8 ports
–	MIMO layers per TRP: 2 layers
–	Number of UE Rx antennas: 4
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