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Background
During RAN4#106 meeting, WF [1] for UE demodulation and CSI requirements of Rel-18 NR FR2 multi-Rx chain DL reception was approved. In this contribution, we share our views about general issues for UE demodulation requirements for NR FR2 multi-Rx chain DL reception.
Discussion
UE processing assumption
	Whether to introduce requirements for both single-DCI and multi-DCI scenarios
· Agreement:
· For initial evaluation purpose, below transmission schemes with layer combinations considered
· Single DCI with SDM scheme: 1+1 and 2+2 as layer combination
· Multi-DCI with fully overlapping scheme: 1+1 and 2+2(high priority) as layer combination 
· Multi-DCI with non-overlapping scheme: 2+2 as layer combination
· Receiver assumption: MMSE-IRC
· Option 1: UE joint processing with 4x4  
· Option 2: UE processing with 2x2 per TRP 



For the UE processing, there are mainly two assumptions with the difference that UE perform joint processing with 4x4 channel matrix for two TRPs or UE perform separate processing with 2x2 channel matrix per TRP. From our understanding, it is up to UE implementation to select which processing method, however, it is not suitable to use UE joint processing assumption for the FR2 multi-Rx demodulation requirements definition. Firstly, it is more complexity for the UE to perform joint processing comparing to separate processing. Basic processing method should be considered since we are defining the minimum requirements. Secondly, the detailed UE panel deployment is up to UE implementation and it is not possible to perform joint processing in some cases, e.g. when two UE panels are deployed on the left and right side of the UE. Finally, there is also an agreement achieved in RF session that only two TRP to RX pairs TRP#1-RX#1 and TRP#2-RX#2 are considered. The signal from TRP#2 to RX#1 and TRP#1 to RX#2 is treated as interference. It is reasonable for follow RF agreement. Therefore, we propose to only consider UE perform separate processing with 2x2 channel matrix per TRP for FR2 multi-Rx demodulation requirements definition.
Only consider UE perform separate processing with 2x2 channel matrix per TRP for FR2 multi-Rx demodulation requirements definition.
Another issue is the baseline assumption for FFT window timing. In Rel-15/16 multi-TRP discussion, single FFT window is the baseline assumption. TRP#1 is used as reference to define timing/frequency offset and SSB is only transmitted from TRP#1. From our understanding, it is similar situation for FR2 multi-TRP comparing to the FR1 multi-TRP discussion, so we propose to consider single FFT window as baseline assumption for FR2 multi-Rx demodulation requirements definition.
Consider single FFT window as baseline assumption for FR2 multi-Rx demodulation requirements definition.
MIMO correlation
	Whether to introduce a new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
· [bookmark: _Hlk130912671]Agreement: For initial simulation purpose, MIMO correlation matrix approach considered as starting point 
· Companies are encouraged to bring more analysis taking the impact of AoA offset and UE implementation of antenna panels into account 
· Companies are encouraged to bring analysis for different correlation cases e.g. low, high 



In current TS 38.101-4, the MIMO correlation matrix is defined as the Kronecker product of the gNB correlation matrix and the UE correlation matrix. To additional consider the impact of the AoA, i.e. the interference strength modeling, a new MIMO correlation matrix is agreed to be considered.
Taking the whole 4x4 channel into consideration, our proposed MIMO correlation matrix is shown as following:

We can see that the original MIMO correlation matrix is composed of two diagonal blocks with 2x2 gNB correlation matrix and 4x4 UE correlation matrix. There is no any correlation between Tx antennas from different TRP. To model the impact of the AoA, an additional correlation matrix with the parameter m, p, n and q that is illustrated in the following Figure 2.2-1 is multiplied by the original correlation matrix. m and n are corresponding to the TRP#1-RX#1 pair and TRP#2-RX#2 respectively, while p and q are corresponding to inter-TRP interference. The value of these parameters is up to the AoA separation and UE implementation on the panel deployment. However, we can consider some typical scenarios for the convenience of the test, e.g. m = n = 1 and p = q.
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Figure 2.2-1 Illustration of the parameter m, n, p and q
Consider above MIMO correlation matrix for FR2 multi-Rx demodulation requirements definition.
Consider some typical scenarios for the convenience of the test, e.g. m = n = 1 and p = q.
In RF session, an agreement is achieved in last meeting on UE simulation assumptions about the antenna modules, which is shown as following Table 2.2-1:
Table 2.2-1 UE simulation assumptions about the antenna modules
	Item
	Simulation assumption
	Note

	# of antenna module
	2 , dual polarized
	

	array of element antenna in each antenna module
	4x1
	

	Antenna location (front, back, top-side, left-side, right-side, bottom-side)
	combination of the lists
(e.g., left and right, Right and Top, Left and top, .etc.)
	Two antenna modules located at same side is not precluded



To follow the assumption in RF session, the following two cases are proposed for FR2 multi-Rx demodulation requirements definition:
· Case 1: As shown in Figure 2.2-2, when UE antenna module is located on the left and right, there is nearly no any inter-TRP interference, i.e. p = q = 0.
[image: ]
Figure 2.2-2 Case1: Left and right
· Case 2: As shown in Figure 2.2-3, when UE antenna module is located on the left/right and top, the interference can be stronger. For example, AoA1 and AoA2 is 30° and 60° respectively, the inter-TRP interference is about -9.3dB lower than the signal, i.e. p = q = 0.34.
 [image: ] 
Figure 2.2-3 Case2: Left/right and top
Consider above following two cases for FR2 multi-Rx demodulation requirements definition.
It is obviously that the UE processing is simpler for the Case1 than the Case2 since the UE with Case1 panel deployment do not need to consider inter-TRP interference. Applicability rule should be further studied, considering that it is not suitable to define new UE capability about the panel deployment since it may expose UE implementation that is not some UE vendors want.
Applicability rule should be further studied, considering that it is not suitable to define new UE capability about the panel deployment.
Best beam pair selection
	· Option 1: 
· Wait for 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.



In last meeting, IFF method is agreed to be used as the default test method for all RAN4 tests for FR2 multi-Rx. Based on calculation method defined in TR 38.810 and applied for single AoA cases, the maximum testable SNR using IFF test method for single band UE are shown as following Table 2.3-1. In 2AoA cases, the maximum testable SNR can be further reduced since it cannot be ensured that both two AoA are at the best position.
Table 2.3-1 Maximum testable SNR using IFF test method
	Channel Bandwidth
	Maximum SNR

	50 MHz
	22.6 dB

	100 MHz
	20.0 dB

	200 MHz
	16.9 dB



[bookmark: _Hlk127526689]To ensure the test feasibility as much as possible, methods such as reduce MCS can be considered based on simulation results.
To ensure the test feasibility as much as possible, methods such as reduce MCS can be considered based on simulation results.
Proposals
In this contribution, we discuss on general issues for UE demodulation requirements for NR FR2 multi-Rx chain DL reception. Our observations and proposals are:
1. Only consider UE perform separate processing with 2x2 channel matrix per TRP for FR2 multi-Rx demodulation requirements definition.
Consider single FFT window as baseline assumption for FR2 multi-Rx demodulation requirements definition.
Consider above MIMO correlation matrix for FR2 multi-Rx demodulation requirements definition.
Consider some typical scenarios for the convenience of the test, e.g. m = n = 1 and p = q.
Consider above following two cases for FR2 multi-Rx demodulation requirements definition.
Applicability rule should be further studied, considering that it is not suitable to define new UE capability about the panel deployment.
To ensure the test feasibility as much as possible, methods such as reduce MCS can be considered based on simulation results.
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