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The topic of MultiRx UE performance started in RAN4#106. During the meeting, a good progress was made, and it was also agreed to clarify the understand across companies in the following one so as to enable companies to provide first simulation results for initial alignment in Phase I [1]:

	Whether to assume UE RF agreement about the definition of UE panel and UE antenna module for multi-Rx chain DL reception
· Agreement:
· Use the existing agreement from RF in [R4-2220533] for definition of the terms of antenna module and antenna panel.



In addition, the following list summarizes the main agreements made [1]:
· Rel-18 FR2 Multi-RX chain UE WI, Focus on multi-TRP transmission schemes with intra-cell mTRP scenarios only; 
· For initial simulation purpose, the MIMO correlation matrix approach is considered as starting point;
· Not to define requirements for PDCCH, PBCH and SDR;
· Prioritize single carrier performance requirements.
In this contribution, we will address the remaining open issues and make new proposals if needed.

Test scope for the PDSCH demodulation requirements

AoA assumption

	AoA assumption
· Proposals
· Option 1:
· The probes shall be fixed and positioned in same planar cut of the test sphere grid (xz plane).
· There shall be a single or multiple fixed Angular offset pairs between the test probes for OTA requirements as described in R4-2219852.  
· The first probe and the second probe shall be placed in such a way that the first probe will be fixed at an AoA of 0 degrees while the AoA of the signal from the second probe can assume values of [30][,60][, 90][, 120][, 150] degrees. 
· Option 2:
· RAN4 further discuss how AoA separation is modeled in link level simulation for demod requirements.
· RAN4 further discusses how to model spatial separation in link level simulation





In latest M-Rx RF WF (R4-2303708) an agreement on AoA separation for UE RF requirement has been made (Issue 1.2.6) where: 
· AoA offset value should be an integer multiple of the step size of the constant step size measurement test grid,
· In the RF simulation, all AoA separation values in the list {30°, 60°, 90°, 120°, 150°, 180°} shall be simulated. 
Probes shall still be fixed and positioned in same planar cut of the test sphere grid (xz plane). There shall be multiple fixed AoA offset pairs between the probes for OTA requirements. Limit the scope of Option1 to limit the second AoA ranges to only [30], [90] and [150] degrees.
The discussion on how AoA separation and spatial separation is presented in our general paper [3].

Simulation assumptions for the PDSCH demodulation requirements

Channel model
In RAN4#106, it was discussed which channel models to use for requirement definition [1]:
	[bookmark: _Hlk129351564]Issue 2-2-1: Channel model
· Tentative agreements:
· Include TDLA30-75; Other channel models are not precluded;





The channel model TDLA30-75 was previously used for performance requirements for RAN 2 using the Enhanced Receiver Type 1, hence it would make sense to re-use this channel model for the MultiRx phase I simulation alignment for 120kHz/100MHz SCS/CBW results. In addition, it was discussed to also include 120kHz/200MHz SCS/CBW simulations, but not discussed which channel model to use in case this setup.
It was not discussed in RAN4#106 if TDLA30-75 would also be used for simulation results with 120kHz/200MHz (if introduced)
Consider including TDLA30-300 for 120kHz/200MHz requirements, if introduced.

SCS/Bandwidth
In RAN4#106 the bandwidth to be used for requirement definition were discussed. Specifically, the question of introducing 200MHz CBW were brought up 
	Issue 2-2-2: 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;





120Khz/200MHz is a mandatory configuration which makes defining the corresponding requirements relevant. However, focus on achieving alignment with 120kHz/100MHz before providing simulation results for 120kHz/200MHz
The 120kHz/100MHz configuration has priority; however, since 120kHz/200MHz is a mandatory configuration, it is relevant to consider if requirements can be defined for 120kHz/200MHz in addition to 120kHz/100MHz.
Keep 120kHz/200MHz FFS to allow companies more time to provide simulation results unless enough companies already for RAN4#106bis-e provide results showing it is not feasible to define requirements for 120kHz/200MHz.

MCS
In RAN4#106 several options for which MCS to use for initial alignment were proposed [1]:
	MCS
· Proposals
· Option 1: 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. Use the following value for initial evaluation:
	
	MCS

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

	Single-DCI based multi-TRP
	SDM
	13,17

	
	FDM SchemeA
	13



· Option 2: 16QAM, 0.64; 64QAM, 0.50





The current FR2 requirements sets the SNR for 64QAM test cases close to 20dB, hence it can be assumed, that 256QAM will not be testable. Based on this, initial alignment, shall be done using MCS13 (16 QAM) and MCS17(64QAM). In case companies’ results show MCS17 is not feasible it can be discussed to focus on MCS13 for the remainder of phase I.
PDSCH Demodulation Requirements should be defined for at least 2 MCS if possible. MCS13 and MCS17 are good candidates.
Use MCS13 and MCS17 for initial alignment. Continue with only MCS13 in case MCS17 is found to be not testable.

PTRS pattern
In RAN4#106, the PTRS pattern were brought up by some companies with the following proposed options [1]:
	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 FR2-1, the PT-RS must be considered as tracking the phase is required for the high carrier frequencies. Existing FR2-1 requirements have used the configuration of K=2, L=1 which secures the highest amount of PTRS information for the UE. To enable definition of requirements, the same configuration shall be considered for this WID. In addition, since it cannot be assumed equal phase deviation for each of the two TRPs, there should be assigned one port per TRP for PT-RS.
Enabling PT-RS is needed for FR2-1 requirement definition with the possible amount of PTRS signalling.
It cannot be assumed that each TRP will be received with the same phase difference, hence there is a need for transmitting PT-RS on each TRP.
Define requirements with Rel-15 PTRS pattern, K=2, L=1 using one port per TRP.

Time/frequency offsets and power imbalance between TRPs
In RAN4#106, it was discussed what to use for time/frequency offset as well as power imbalance between the TRPs [1]:
	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 the current requirement definitions for mTRP in [2]￼ the procedure proposed in option 2 has been used for defining the time offset of the second TRP from the first TRP where 15kHz SCS used the values of {-0.5,2} and for other SCS settings the formula  was used to calculate the time offset.
Using the above procedure, we agree with using a starting point of {0.25us, -0.0626us} for time offset between the two TRPs.
The proposed procedure to determine the time offset configuration between the two TRPs ()
Use the time offset between the two TRPs transmission points as {0.25us, -0.0625us}

The frequency offset between the two TRPs should be defined based on the center frequency being agnostic for the PDSCH tests. Assuming the most global band used for deployed networks is n257 and with a reference precision of the gNB frequency of maximum 0.1ppm, we can set the frequency offset between the two TRPs to 3000Hz. 
We see the most globally used band for FR2-1 in deployment to be n257. With max 0.1ppm deviation on the gNB, it is feasible to set the frequency offset between the two TRPs to 3000Hz.
Select 3000Hz frequency offset for all demodulation cases as starting point. Final frequency offset can be selected pending test feasibility.

[bookmark: _Toc116995848]Conclusion
This paper presents Nokia's view on the open issues with relation definition of PDSCH requirements for MultiRx Demodulation performance.

In the paper, the following Observations and Proposals were made:
Test scope for the PDSCH demodulation requirements
1. Probes shall still be fixed and positioned in same planar cut of the test spher grid (xz plane). There shall be multiple fixed AoA offset pairs between the probes for OTA requirements. Limit the scope of Option1 to limit the second AoA ranges to only [30], [90] and [150] degrees.

Simulation assumptions for the PDSCH demodulation requirements
1. It was not discussed in RAN4#106 if TDLA30-75 would also be used for simulation results with 120kHz/200MHz (if introduced)
Consider including TDLA30-300 for 120kHz/200MHz requirements, if introduced.

The 120kHz/100MHz configuration has priority; however, since 120kHz/200MHz is a mandatory configuration, it is relevant to consider if requirements can be defined for 120kHz/200MHz in addition to 120kHz/100MHz.
Keep 120kHz/200MHz FFS to allow companies more time to provide simulation results unless enough companies already for RAN4#106bis-e provide results showing it is not feasible to define requirements for 120kHz/200MHz.

PDSCH Demodulation Requirements should be defined for at least 2 MCS if possible. MCS13 and MCS17 are good candidates.
Use MCS13 and MCS17 for initial alignment. Continue with only MCS13 in case MCS17 is found to be not testable.

Enabling PT-RS is needed for FR2-1 requirement definition with the possible amount of PTRS signalling.
It cannot be assumed that each TRP will be received with the same phase difference, hence there is a need for transmitting PT-RS on each TRP.
Define requirements with Rel-15 PTRS pattern, K=2, L=1 using one port per TRP.

The proposed procedure to determine the time offset configuration between the two TRPs ()
Use the time offset between the two TRPs transmission points as {0.25us, -0.0625us}

We see the most globally used band for FR2-1 in deployment to be n257. With max 0.1ppm deviation on the gNB, it is feasible to set the frequency offset between the two TRPs to 3000Hz.
Select 3000Hz frequency offset for all demodulation cases as starting point. Final frequency offset can be selected pending test feasibility.
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