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Introduction
This contribution is addressing multi-RX UE testing, specifically the minimum isolation simulations. 
Multi-RX Demod Isolation Simulations
[bookmark: OLE_LINK45]For multi-RX demod testing, the virtual-cable approach was adopted [1], i.e., a test equivalent to a conducted test is performed in an OTA environment by routing each stream/beam directly to each receiver with high isolation in between. This approach is similar to what was adopted for legacy FR2 demod testing in Rel-15 for which Keysight has led most of the legacy minimum isolation and MU discussions [2][3]. Previous contributions were using Keysight SystemVue, an electronic design automation environment for electronic system-level design as well as NR end-to-end system simulations which can be used to for standard-compliant 5G NR signal generation and advanced receiver modelling for EVM and throughput simulations. It supports 3D MIMO channel emulation using either 3GPP 38.901 channel models for FR1 and FR2 or user-defined channel models. 
The goal is to leverage SystemVue again to study the effect of isolation on the throughput vs SNR results. Initial assumptions for these simulation efforts were agreed in RAN4#108 [4].
	Issue 3-2-1: Assumptions for minimum isolation simulation and corresponding MU
· Agreement:
· The following assumptions are adopted for simulation of minimum isolation requirements.
· For the reference SNR, the following assumptions could be considered:
· Assume α = 0, β = 0, and =γ = good enough isolation, e.g., 100dB
· Channel model parameters
· TDLA30-75 is assumed for 100 MHz/120 kHz
· Time offset values: 0; Frequency offset: 0
· MCS: MCS17 with 1+1
· Receiver assumptions: Separate processing per Rx chain.
· For comparison, to run the simulation with the isolation range of [8dB, 20dB] including both cross-polarizations and cross-talk and then compare the offset between reference SNR and required SNR with different isolation values.


This contribution is presenting initial findings. [image: ]
[bookmark: _Ref146614478][bookmark: OLE_LINK47][bookmark: OLE_LINK44]Figure 1: PDSCH demodulation schematic setup in SystemVue for FR2 multi-Rx chain
Figure 1 shows the schematic setup in SystemVue for multi-RX demod testing. The PDSCH demodulation requirements for FR2 multi-Rx chain in [7] were followed and the simulation considers the baseline correlation model assuming the crosstalk between the TRPs and UE Rx antenna as below

, 
where  is the re-arranged channel values and 
·  denotes the Kronecker product,  denotes the diagonal matrix.
·  is the correlation matrix for each link between TRPs to UE panels generated with parameters α (Tx correlation coefficient), β (Rx correlation coefficient), and γ (cross-polarization correlation coefficient) as stated in 38.101-4 B2.3.2
· [bookmark: OLE_LINK49] is the crosstalk power = [-15, -12, -9, -6] dB
[bookmark: OLE_LINK50]Following the proposal 5 in [5] for the rank 1+1 test case, the PDSCH configuration is as shown in Table 1. Based on the agreement to only consider UE perform independent processing with 2x2 channel matrix per TRP for FR2 multi-Rx demodulation [1], the demodulation performance with independent processing MMSE-IRC receiver algorithm is shown in Figure 2. Given the limited time between the implementation of the test case and the submission deadline, only the result for the crosstalk power   = [-15] dB is presented here. 
[bookmark: _Ref146617752]Table 1: Test Parameters for Rank 1+1
	[bookmark: OLE_LINK41]Parameter
	Unit
	Value

	
	
	TRxP #1(Note 1)
	TRxP #2(Note 1)

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1

	
	CORESETPoolIndex
	
	0

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	1000 
	1002

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	Full-overlappling

	Timing offset of the second TRxP from the first TRxP
	us
	-0.0625 for test 1-1 and test 1-3
0.25 for test 1-2 and test 1-4

	Frequency offset of the second TRxP from the first TRxP
	Hz
	3000 for test 1-1 and test 1-3
0 for test 1-2 and test 1-4

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity.

	Note 1:	PDSCH transmission is done from both TRxPs (PDSCH Layer 0 is transmitted from TRxP #1 and PDSCH layer 1 is transmitted from TRxP #2)
Note 2:	PDSCH transmission is done from both TRxPs (PDSCH Layers 0 and 1 are transmitted from TRxP #1 and PDSCH layers 2 and 3 are transmitted from TRxP #2)



[image: ]
[bookmark: _Ref146698339][bookmark: OLE_LINK48][bookmark: OLE_LINK11]Figure 2: PDSCH demodulation performance for MCS=17, Rank 1 +1 for FR2 multi-Rx chain
[bookmark: OLE_LINK10]Additionally, we also followed Proposal 6 in [5] to simulate the PDSCH test case for mDCI with full overlapping resource allocation as shown in Table 2, the demodulation performance with independent processing MMSE-IRC receiver algorithm is shown in Figure 3. Again, given the time constraints, only results for the crosstalk power of   = [-15] dB is presented. 
[bookmark: _Ref146618466]Table 2: Test Parameters for Rank 2+2
	Parameter
	Unit
	Value

	
	
	TRxP #1(Note 1)
	TRxP #2(Note 1)

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1
	TCI State #2

	
	CORESETPoolIndex
	
	0,1

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	{1000,1001} 
	{1002,1003}

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	Full overlapping

	Timing offset of the second TRxP from the first TRxP
	us
	-0.0625 for test 1-1
0.25 for test 1-2 

	Frequency offset of the second TRxP from the first TRxP
	Hz
	3000 for test 1-1
0 for test 1-2

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity

	Note 1: 	PDSCH transmission is done from both TRxPs. Transmission from TRxP #1 uses CORESETPoolIndex 0 and transmission from TRxP #2 uses CORESETPoolIndex 1


[image: ]
[bookmark: _Ref146698379][bookmark: OLE_LINK14]Figure 3:  PDSCH demodulation performance for MCS=13, Rank 2 +2 for FR2 multi-Rx chain

[bookmark: OLE_LINK15][bookmark: OLE_LINK13][bookmark: OLE_LINK16]Good agreement with previous contributions [6][7] can be observed. For example for PDSCH demodulation performance for MCS=17, Rank 1 +1, the SNR @70%maximum throughput for   = [-15] for case number 2 of Table 2.1-1 in [6] is 12.1dB and 12.5dB in [7], the SNR@70% maximum throughput in Figure 2 is about 10.6 dB for SystemVue. While for PDSCH demodulation performance for MCS=13, Rank 2 +2, the SNR@70%maximum throughput for   = [-15] for case number 5 of Table 2.1-2 in [6] is 15.8 dB and 16.6 dB in [7], the SNR@70% maximum throughput in Figure 3 is about 15.6 dB for SystemVue.
[bookmark: _Ref146698476][bookmark: OLE_LINK12]Observation 1: The results presented here are in line with those presented in [6] and[7] when compare the SNR number @70%maximum throughput for  = [-15].
Feedback is requested whether the current simulation assumptions are in line with expectations for the minimum isolation simulation and corresponding MU definition.
[bookmark: _Ref146731089]Proposal 1: Feedback is requested whether the current simulation assumptions are in line with expectations for the minimum isolation simulation and corresponding MU definition


Conclusion
The following observations and conclusions were made in this contribution.
Observation 1: The results presented here are in line with those presented in [6] and[7] when compare the SNR number @70%maximum throughput for  = [-15].
Proposal 1: Feedback is requested whether the current simulation assumptions are in line with expectations for the minimum isolation simulation and corresponding MU definition
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