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1	Introduction
In this paper, we present our view on UE demodulation and CSI reporting requirements for FR2 4 layers DL multi-Rx chain UE. While RF and RRM are being discussed, in this paper, we will provide our views and which parameters to propose in this first meeting discussing the UE performance part. In RP-223527 [1], the objective for FR2 multi-Rx chain UE demodulation has been stated as follow. 

	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).



2	General aspects for UE demodulation and CSI reporting requirements
As it has been stated in [1], this WI aims to introduce the requirements for UEs capable of multi-beam/chain simultaneous DL reception on a single component carrier to achieve improved UE demodulation performance. To define demodulation performance requirements for enhanced FR2-1 UEs supporting up to 4 DL MIMO layers on single component (CC), we consider receptions configured with 2 active TCI states, requiring beam reception from 2 directions (2 layers/direction). Dual TCI operation can be combined with the Rel-17 mTRP framework even if the base station is being deployed as a single TRP [1]. Accordingly, we will draw our views based on the following general aspects: 

Proposal 1: RAN4 defines the UE demodulation and CSI reporting requirements for FR2 DL multi-RX chain: 
· TDD mode only
· Number of receive antennas: 4Rx
· Modulation order: Up to 64QAM
· Rank: Up to 4 DL MIMO layers.

Proposal 2: RAN4 defines the UE demodulation and CSI reporting requirements with:  
· FR2-1 fc = 47 GHz
· [bookmark: _Hlk95186537]FR2-1 TDD: SCS = 120 kHz, CBW = 100 MHz and 66 RBs.
· Phase noise @ 47 GHz
· Channel models: TDLA and TDLD (30 ns delay spread)
· Max Doppler frequencies: up to 300 Hz.

Proposal 3: RAN4 defines the UE demodulation and CSI reporting requirements for:
· Focus on demodulation performance requirements for Single Carrier.
3	UE Demodulation Requirements
3.1 RF Parameters
NR operations in FR2-1 band are susceptible to phase noise (PN) effects that should be assessed and addressed. 
Proposal 4: As RF parameters, consider 
· PN at UE side only.
· Tx EVM = 6% for QPSK/16QAM/64QAM.
For this WI, we can consider Rel-15 PTRS patterns for CP-OFDM.

Proposal 5: Consider Rel-15 PTRS pattern, K = 2, L = 1.

Proposal 6: Considering PN and Rel-15 PTRS patterns, define PDSCH demodulation and CSI reporting requirements using 
· CPE compensation only.
· Consider performance degradation due to PN less than 1dB

3.2 PDSCH demodulation requirements
The parameters specified in Table 5.2-1 [3] are valid for all PDSCH tests unless otherwise stated. However, to save efforts, it is preferrable to limit our requirements to PDSCH Type A. 

Proposal 7: Define the FR2 4 Rx UE demodulation requirements for PDSCH Type A only.

We can focus on 70% of the PDSCH peak throughput metric. Further discussions are needed to conclude whether 30% of peak throughput metric is needed or not. 

Proposal 8: Define the FR2 4 Rx UE demodulation requirements for PDSCH with 70% of the peak throughput metric only.

For UL-DL pattern, we do not see the usefulness of defining a new pattern. We would prefer to stick to FR2.120-1 for PDSCH requirements’ definition.

Proposal 9: Define the FR2 4Rx multi-Rx chain UE demodulation requirements for PDSCH using FR2.120-1 TDD UL-DL pattern, given by DDDSU and S: 10D+2G+2U.

Considering m-DCI based transmission, we summarize the needed parameters to define the PDSCH requirements in Proposals 10 and 11, respectively.

Proposal 10: Define PDSCH demodulation requirements for UE at 70% of the peak throughput using the following test setup.
	Assumptions
	Value

	Carrier Frequency [GHz]
	47

	Subcarrier Spacing [kHz]
	120

	Channel bandwidth [MHz]
	100

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	TDLA30 

	Antenna configuration
	TRxP#1 2x4 ULA Low
TRxP#2 2x4 ULA Low

	Doppler spread
	Up to 300 Hz

	PA Model
	None

	Pre-loaded Tx EVM
	6%

	Additive Rx EVM
	0%

	I-Q Imbalance
	None

	Frequency Offset
	0 ppm 

	Channel Estimation
	Realistic channel estimation

	Transmission Rank
	Rank 4

	DMRS Configuration
	1+1 DMRS symbols

	PTRS
	K = 2, L = 1

	MCS/TBS
	From MCS Table 1 (TS38.214): Up to MCS 19 (64QAM).




Proposal 11: Referring to the Table in Proposal xx, consider PDSCH test cases at 70% of the peak throughput for 100 MHz/120 kHz SCS as follow
FR2 TDD, 100 MHz/120 kHz, Rank 4, Metric: 70% Peak Throughput
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition(Note 1)
	Correlation matrix and antenna configuration(Note 2)
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)(Note 3)

	
	TRxP #1
	TRxP #2
	
	
	
	
	
	
	

	1-1
	TBD
	TBD
	100/120
	16QAM, 0.64
	FR2.120-1
	TDLA30-300
	2x4, ULA Low
	70
	TBD

	1-2
	TBD
	TBD
	100 / 120
	64QAM, 0.50
	FR2.120-1
	TDLA30-75
	2x4, ULA Low
	70
	TBD

	Note 1:	The propagation conditions apply to each of TRxP #1 and TRxP #2 and are statistically independent
Note 2:	Correlation matrix and antenna configuration parameters apply to each of TRxP #1 and TRxP #2
Note 3:	SNR corresponds to SNR of TRxP #1 and TRxP #2 as defined in 4.4.2 [2]



3.3	PDCCH demodulation
We propose to not define PDCCH for FR2 4Rx UE since it will be decoded along with PDSCH. 

Proposal 12: Do not define PDCCH demodulation requirements for FR2 DL 4 layers MIMO with dual TCI.

3.4	PBCH demodulation
SSB will be sent from one TRP. Thus, we believe that RAN4 does not need to define PBCH requirements. 

Proposal 13: Do not define PBCH demodulation requirements for FR2 DL 4 layers MIMO with dual TCI. 

3.6	SDR
The purpose of the SDR requirements is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities. According to TS38.101-4, the existing Table 7.5A.1-3 has already covered the configuration applicable for UEs up to rank 2 for QPSK/16QAM/64QAM. 

Proposal 14: Do not define SDR requirements for FR2-1 4Rx multi-Rx UE.
4	CSI reporting requirements
Rel-17 has introduced per-TRP CSI reporting and RAN4 only defined s-DCI-based PMI reporting test using TypeI-SinglePanel codebook. While this WI is defined for mDCI, the CSI reporting are received independently. Consequently, we do not see any need for CSI reporting requirements.

Proposal 15: Do not define the CQI reporting requirements for FR2 4Rx multi-Rx UE.

Proposal 16: Do not define PMI reporting requirements for FR2 DL 4Rx multi-Rx chain UE.  
  
Proposal 17: Do not define RI reporting for FR2 DL 4Rx multi-Rx chain UE.  
5	Summary
In this paper we tried to contribute with the following proposals for further discussions:
Proposal 1: RAN4 defines the UE demodulation and CSI reporting requirements for FR2 DL multi-RX chain: 
· TDD mode only
· Number of receive antennas: 4Rx
· Modulation order: Up to 64QAM
· Rank: Up to 4 DL MIMO layers.

Proposal 2: RAN4 defines the UE demodulation and CSI reporting requirements with:  
· FR2-1 fc = 47 GHz
· FR2-1 TDD: SCS = 120 kHz, CBW = 100 MHz and 66 RBs.
· Phase noise @ 47 GHz
· Channel models: TDLA and TDLD (30 ns delay spread)
· Max Doppler frequencies: up to 300 Hz.

Proposal 3: RAN4 defines the UE demodulation and CSI reporting requirements for:
Focus on demodulation performance requirements for Single Carrier.

Proposal 4: As RF parameters, consider 
· PN at UE side only.
· Tx EVM = 6% for QPSK/16QAM/64QAM.

Proposal 5: Consider Rel-15 PTRS pattern, K = 2, L = 1.

Proposal 6: Considering PN and Rel-15 PTRS patterns, define PDSCH demodulation and CSI reporting requirements using 
· CPE compensation only.
· Consider performance degradation due to PN less than 1dB

Proposal 7: Define the FR2 4 Rx UE demodulation requirements for PDSCH Type A only.

Proposal 8: Define the FR2 4 Rx UE demodulation requirements for PDSCH with 70% of the peak throughput metric only.

Proposal 9: Define the FR2 4Rx multi-Rx chain UE demodulation requirements for PDSCH using FR2.120-1 TDD UL-DL pattern, given by DDDSU and S: 10D+2G+2U.

Proposal 10: Define PDSCH demodulation requirements for UE at 70% of the peak throughput using the following test setup.
	Assumptions
	Value

	Carrier Frequency [GHz]
	47

	Subcarrier Spacing [kHz]
	120

	Channel bandwidth [MHz]
	100

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	TDLA30 

	Antenna configuration
	TRxP#1 2x4 ULA Low
TRxP#2 2x4 ULA Low

	Doppler spread
	Up to 300 Hz

	PA Model
	None

	Pre-loaded Tx EVM
	6%

	Additive Rx EVM
	0%

	I-Q Imbalance
	None

	Frequency Offset
	0 ppm 

	Channel Estimation
	Realistic channel estimation

	Transmission Rank
	Rank 4

	DMRS Configuration
	1+1 DMRS symbols

	PTRS
	K = 2, L = 1

	MCS/TBS
	From MCS Table 1 (TS38.214): Up to MCS 19 (64QAM).



Proposal 11: Referring to the Table in Proposal xx, consider PDSCH test cases at 70% of the peak throughput for 100 MHz/120 kHz SCS as follow
FR2 TDD, 100 MHz/120 kHz, Rank 4, Metric: 70% Peak Throughput
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition(Note 1)
	Correlation matrix and antenna configuration(Note 2)
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)(Note 3)

	
	TRxP #1
	TRxP #2
	
	
	
	
	
	
	

	1-1
	TBD
	TBD
	100/120
	16QAM, 0.64
	FR2.120-1
	TDLA30-300
	2x4, ULA Low
	70
	TBD

	1-2
	TBD
	TBD
	100 / 120
	64QAM, 0.50
	FR2.120-1
	TDLA30-75
	2x4, ULA Low
	70
	TBD

	Note 1:	The propagation conditions apply to each of TRxP #1 and TRxP #2 and are statistically independent
Note 2:	Correlation matrix and antenna configuration parameters apply to each of TRxP #1 and TRxP #2
Note 3:	SNR corresponds to SNR of TRxP #1 and TRxP #2 as defined in 4.4.2 [2]



Proposal 12: Do not define PDCCH demodulation requirements for FR2 DL 4 layers MIMO with dual TCI.

Proposal 13: Do not define PBCH demodulation requirements for FR2 DL 4 layers MIMO with dual TCI.

Proposal 14: Do not define SDR requirements for FR2-1 4Rx multi-Rx UE.

Proposal 15: Do not define the CQI reporting requirements for FR2 4Rx multi-Rx UE.

Proposal 16: Do not define PMI reporting requirements for FR2 DL 4Rx multi-Rx chain UE.  
  
Proposal 17: Do not define RI reporting for FR2 DL 4Rx multi-Rx chain UE.  
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