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Introduction
In RAN4#104-e, discussion on the Rel-18 WI for FR2 multi-Rx chain DL reception has been done, outcome can be found in the approved WF [1]:


	
	1 Work Plan
1.1 Revised work plan for UE RF:
	RAN 4 meeting
	Date
	Discussion
	Work progress goal

	RAN4#104
	Aug. 2022
	Discussion on system assumptions, UE assumptions
	Agree on system assumptions 

	RAN4#104-Bis
	Oct. 2022
	UE implementation assumptions and Requirement concept
	

	RAN4#105
	Nov. 2022
	UE implementation assumptions and Requirement concept
	Agree on UE assumptions

	……
	
	
	



2 
UE RF
2.1 System assumptions 
2.1.1  General deployment assumption for DL split between TRPs to enable 4L reception
Agreement:
· Proposal: To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE.
· Note: This proposal is for general deployment assumption, not aimed at UE RF assumption

2.1.2 Scope definition for UE RF requirements
Agreement:
· Proposal: UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.

2.1.3 DCI scheme when UE is configured for 2 active TCI states for UE RF requirements
Agreement:
· Proposal: For setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme is adopted as a baseline.

2.2 UE assumptions 
2.2.1 UE architecture assumption
Agreement: 
· FFS whether the concept of panel should not be explicitly used in core requirements and test configurations.
· FFS whether the single panel should be excluded.

2.3 Test setups 
2.3.1 How to determine candidate AoA pairs for setting the UE RF requirement
Agreement:
· Further discuss on the candidate AoA pairs for setting the UE RF requirement
· One Fixed AoA1 (e.g. Peak) + Full set AoA2. 
· Multiple AoA1 + Full set AoA2. 
· Fixed offset between the two AoAs, both probes swept simultaneously.
· Full set AoA1 + Full set AoA2
Other solutions are not precluded. Companies are also encouraged to bring the analysis on how to quantify the Refsens value when receiving multiple signals.


In this contribution, according to the agreed revised work plan, we would like to share our views on this topic regarding the study points in the WF. 
Discussion
Two study points on UE assumptions from last meeting
Issue 1: Whether the concept of panel should not be explicitly used in core requirements and test configurations
During last meeting, some component has proposed to explicitly define the concept of panel. Until now, in RAN1 discussion related to m-TRP, the UE is not required to report physical panel ID for either transmission or reception. As a result, there is no need for RAN4 to explicitly specify any concept regarding physical panel which could lead to the disclosure of UE implementation details like how many panels or how each panel perform. Otherwise, e.g. more misalignment between RAN1 and RAN4 will be introduced.   
Proposal 1: The concept of panel should not be explicitly used in core requirements and test configurations.
Issue 2: Whether the single panel should be excluded
Multiple components proposed to carefully consider the existing UE hardware implementation during last meeting, which could facilitate smooth deployment of this new feature. Further, we think it is equally important to consider any type of panel equipment considering reasonable physical limitation on feasibility due to e.g. heat dissipation, as long as such kind of UE implementation can meet the requirement for this feature.
Proposal 2: Any type of panel equipment considering reasonable physical limitation on feasibility due to e.g. heat dissipation should not be precluded, as long as such kind of UE implementation can meet the requirement for this feature.
Further consideration on UE assumptions to support simultaneous DL reception from two AoAs
First we would like to introduce the concept of composite area. Within such area, when the UE is configured with simultaneous DL reception from 2 AoAs, shall achieve better EIS performance than the situation that it is not configured with this feature. Following figure is presented for better explanation.
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Figure 1 Two types of UE with different spherical coverage performance and composite area
From spherical coverage perspective, the type of UE in the right of Figure 1 can achieve better spherical coverage performance than the left one of Figure 1 due to the fact that the uncovered area around the whole sphere is smaller, but it could have narrower composite area than the left one. 
Proposal 3: The composite area can be introduce to distinguish the UE with different spherical coverage performance.
· Within the composite area, when such UE is configured with simultaneous DL reception from 2 AoAs, shall achieve better EIS performance than the situation that it is not configured with this feature.
· The UE with wider composite area could has worse spherical coverage performance. 
As a trade-off, the receiving performance for an AoA pair with a specific angular offset could be different for the aforementioned two types of UE.
[image: ]       
Figure 2 Different receiving performance for the AoA pair with the same angular offset
As shown in the above figure, for the UE with wider composite area, the reception performance of an AoA pair with smaller angular offset could be better due to the fact that better EIS can be achieved within the composite area. 
Observation 1: For the UE which is capable of worse spherical coverage capability, which could be reflected by the composite area, could have better DL receiving performance of the AoA pair with a small angular offset.
Note that the implementation agnostic is a preferable way for RF requirement derivation judging from last meeting, the aforementioned factor should be further considered in the following discussion.
Proposal 4: Further consider how to accommodate the UE with different composite area for the derivation of RF requirements for simultaneous DL reception from two AoAs.
On the system assumption
Following system assumption for RF requirement has been agreed in the last meeting:
	Scope definition for UE RF requirements
Agreement:
· Proposal: UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.
General deployment assumption for DL split between TRPs to enable 4L reception
Agreement:
· Proposal: To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE.
· Note: This proposal is for general deployment assumption, not aimed at UE RF assumption


Yet we think that is not enough to conduct evaluation for the RF requirements. For example, we need to figure out the gain scenario for m-TRP operation in order to define the RF requirements more targeted.
Proposal 5: Identify the gain scenarios for m-TRP operation first, which is beneficial for multiple aspects like the discussion on RF/RRM/Demod requirements and the test design accordingly.   
From our understanding, the gain for m-TRP operation can be achieved when the angular offset between 2 AoAs can be covered by the UE’s capability (as we explained in section 2.2) and the power imbalance between two TRP-UE links can be within an acceptable range.
Angular offset between two AoAs
From cellular network topology perspective, TRP location is fixed. So the relative angular offset between two LOS links from different TRP to a single UE must be distributed within a certain range. 
To better converge the RAN4 discussion, one way is to firstly align all necessary assumption for SLS evaluations and find out all UE distribution which can achieve gain from m-TRP operation, then we can get the set of the angular offset of the AoA pair. Or we can ask RAN1 about it since their study for m-TRP has been done long time ago.
Proposal 6: Consider the following two options to acquire the angular offset between two AoAs under the gain scenarios for m-TRP operation:
· Alt. 1: Send an LS to RAN1 for asking more background info at least about:
· All necessary SLS assumptions to support m-TRP operation with up to 4 layers, like network topology, UE distribution and so on.
· The valid range of angular offset between 2 AoAs so that obvious gain can be observed for enabling multi-panel simultaneous reception from different QCL Type-D RS.
· Alt. 2: Align all necessary SLS assumptions within RAN4 to support m-TRP operation with up to 4 layers, like network topology, UE distribution and so on. Then find the valid range of angular offset between 2 AoAs so that obvious gain can be observed for enabling multi-panel simultaneous reception from different QCL Type-D RS.   
Reception power imbalance between the DL signals from 2 AoAs
As we all know, the power of one TRP-UE link can be jointly impacted by the pass loss and the antenna gain. Thus one typical scenario could be cell-edge, where the pass loss for one LOS link between TRP and UE is comparable to another and the similar antenna gain can be expected when the UE orientation is suitable.
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Figure 3 One typical beneficial scenario for mTRP operation: cell-edge UE with appropriate orientation
Another example which could exist during handover procedure is provided in Figure 4. In this case, even the UE location stays the same as the example in Figure 3, but the antenna gain is different due to the changed UE orientation. The worse simultaneous DL reception performance can be expected since the power imbalance cannot be ignored or the reception power on any of two directions is low.   
[image: ]
Figure 4 Power imbalance only due to the changed UE orientation (changed orientation)
Observation 2: The mTRP operation’s gain scenario should have the following characteristic:
· The power imbalance between the two TRP-UE links is within an acceptable range.
So we think the power imbalance can be considered as the side condition. 
Proposal 7: For the RF requirements to support simultaneous DL reception from two AoAs, the range of power imbalance between two TRP-UE links shall be considered as side condition and should be further discussed.
In conclusion, we have the following proposal for the new RF requirement.
Proposal 8: Taking the current 50%-tile EIS spherical coverage requirement (for PC3) for single band as the baseline, the new spherical coverage requirement shall be further discussed at least considering the following system factors:
· angular offset between two AoAs
· reception power imbalance of the DL signals between two TRP-UE links 
On the test design for verification of the RF requirement for simultaneous reception from 2 AoAs 
In last meeting, the scope of RF requirement has been clarified, thus alignment shall be done for test design since it is for RF requirement. Then we have the following proposal:
Proposal 9: Clarify that the test design for verification of the RF requirement for simultaneous reception from 2 AoAs shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.
From the above analysis, it should be noted that the definition of the requirement for simultaneous DL reception from two AoAs will definitely impact the test design. For instance, if the new requirement is still on spherical coverage, then we think no new RF requirement needs to be introduced and the existing test can still be applied.
Observation 3: The definition of the requirement for simultaneous DL reception from two AoAs is strongly related to the test design. For instance, if the new requirement is still for spherical coverage, then no new RF requirement or test cases need to be introduced. 
Obviously, any further discussion on test design before we can have clear picture on RF requirement is meaningless. Besides, there is another SI on FR2 OTA, in which the target feature is somehow overlapping with this WI. In order to avoid any overlapping or even conflict, we suggest to focus on the discussion on requirements first, the discussion SI for FR2 OTA could be triggered by this WI when any concrete conclusion on RF requirement can be achieved. 
Proposal 10: Hold the discussion on test design in this WI and the SI for FR2 OTA before achieving concrete conclusion on RF requirement for setting UE RF requirement for simultaneous reception from 2 AoAs.
Conclusion
In this contribution we discussed on the WI for FR2 multi-Rx chain DL reception. According to the analysis, we have the following observations and proposals: 
Observation 1: For the UE which is capable of worse spherical coverage capability, which could be reflected by the composite area, could have better DL receiving performance of the AoA pair with a small angular offset.
Observation 2: The mTRP operation’s gain scenario should have the following characteristic:
· The power imbalance between the two TRP-UE links is within an acceptable range.
Observation 3: The definition of the requirement for simultaneous DL reception from two AoAs is strongly related to the test design. For instance, if the new requirement is still for spherical coverage, then no new RF requirement or test cases need to be introduced. 
Proposal 1: The concept of panel should not be explicitly used in core requirements and test configurations.
Proposal 2: Any type of panel equipment considering reasonable physical limitation on feasibility due to e.g. heat dissipation should not be precluded, as long as such kind of UE implementation can meet the requirement for this feature.
Proposal 3: The composite area can be introduce to distinguish the UE with different spherical coverage performance.
· Within the composite area, when such UE is configured with simultaneous DL reception from 2 AoAs, shall achieve better EIS performance than the situation that it is not configured with this feature.
· The UE with wider composite area could has worse spherical coverage performance. 
Proposal 4: Further consider how to accommodate the UE with different composite area for the derivation of RF requirements for simultaneous DL reception from two AoAs.
Proposal 5: Identify the gain scenarios for m-TRP operation first, which is beneficial for multiple aspects like the discussion on RF/RRM/Demod requirements and the test design accordingly.   
Proposal 6: Consider the following two options to acquire the angular offset between two AoAs under the gain scenarios for m-TRP operation:
· Alt. 1: Send an LS to RAN1 for asking more background info at least about:
· All necessary SLS assumptions to support m-TRP operation with up to 4 layers, like network topology, UE distribution and so on.
· The valid range of angular offset between 2 AoAs so that obvious gain can be observed for enabling multi-panel simultaneous reception from different QCL Type-D RS.
· Alt. 2: Align all necessary SLS assumptions within RAN4 to support m-TRP operation with up to 4 layers, like network topology, UE distribution and so on. Then find the valid range of angular offset between 2 AoAs so that obvious gain can be observed for enabling multi-panel simultaneous reception from different QCL Type-D RS.   
Proposal 7: For the RF requirements to support simultaneous DL reception from two AoAs, the range of power imbalance between two TRP-UE links shall be considered as side condition and should be further discussed.
Proposal 8: Taking the current 50%-tile EIS spherical coverage requirement (for PC3) for single band as the baseline, the new spherical coverage requirement shall be further discussed at least considering the following system factors:
· angular offset between two AoAs
· reception power imbalance of the DL signals between two TRP-UE links 
Proposal 9: Clarify that the test design for verification of the RF requirement for simultaneous reception from 2 AoAs shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.
Proposal 10: Hold the discussion on test design in this WI and the SI for FR2 OTA before achieving concrete conclusion on RF requirement for setting UE RF requirement for simultaneous reception from 2 AoAs.
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