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1. Introduction
In RAN#95e meeting, the Rel-18 FR2 multi-RX downlink reception work item was approved in [1] and in RAN#96 meeting the objectives were revised by updating relevant RF objective for spherical coverage [2]. Specifically, the RRM objectives contained in the WID are provided as follows [2]: 
· 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
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· L3 measurement delay (both cell detection delay and measurement period can be considered)
· The starting point is the enhancements related to L1-RSRP measurement enhancements
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)

NOTE:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.


In this contribution, we would like to share our initial viewpoints on this work item, especially providing our analysis on the relevant RRM requirement impacts by introducing the function of simultaneous DL reception from different directions. 
2 Discussion 
2.1 Background and Standardization Status
As the discussion dated back to Rel-15, the existing NR-compatible UE requirements are defined based on the assumption that UE is equipped with a single antenna panel (or multiple antenna panels) and capable to perform DL reception using a single RX beam/chain reception (or using a single RX beam/chain reception by switching among multiple antenna panels). Furthermore, the existing UE performance requirements are limited for DL MIMO rank 1 and 2, which means 4-layer MIMO which requires reception from at least two directions are not supported yet. 
As targeted in WID [2], RAN4 is tasked to ”introduce necessary requirement for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO”. The justification of this objective comes from the fact that ”enhanced NR FR2 UEs with multi-beam simultaneous reception and multiple RX chains can provide a meaningful performance improvement in FR2 improving both demodulation performance (4-layer DL MIMO), RRM performance and improve RF spherical coverage.” 
More specifically, there are several enhanced features introdcued in Rel-16/17 RAN1 work items, which actually can hardly be deployed in practice because UE can’t support ”simultaneous DL reception from different directions with different QCL TypeD RSs” from RAN4 perspecitve. In Rel-16 NR MIMO enhancement work item, several enhancements to enable efficient and robust DL multi-TRP/panel operation: e.g., DL transmission schemes with simultaneous and non-simultaneous multi-beam reception from multiple TRPs/panels were introduced, which shall require the support of simultaneous multi-panel operation with several independent RX beams/chains at the UE side. Accordingly, a Rel-16 FR2 UE capability for simultaneous multi-beam reception was introduced, i.e., simultaneousReceptionDiffTypeD-r16. However, no RF, RRM or performance requirements were defined in Rel-16 and Rel-17 for FR2 UEs with simultaneousReceptionDiffTypeD-r16 capability.
[image: ]
Figure 1: Multi-TRP/Panel transmission schemes in Rel-16 eMIMO WI
Observation 1: Rel-18 WI (NR_FR2_multiRX_DL) is targeted to specify RAN4 requriements for ”enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier”, which is of necessity to support Rel-16 eMIMO feature of DL multi-TRP operation. 

In our accompanying contribution in UE RF requirement [4], spatial multiplexing/diversity schemes achieved by polarization and spatial domain (i.e., different directions) are discriminated. By digging into the Rel-16 UE capability ” simultaneousReceptionDiffTypeD-r16” [3], the IE description clearly indicates ”whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213”. Therefore, with this Rel-16 IE specified already, we see no necessity of introducing a new UE capability for supporting simultaneous DL reception with two different QCL TypeD RSs. 
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213 [11].
	Band
	No
	N/A
	FR2 only



Proposal 1: RAN4 shall not introduce new, but reuse Rel-16 UE capability IE simultaneousReceptionDiffTypeD-r16, to indicate enhanced FR2-1 UEs supporting simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier. 
2.2 Applicable Condition of Simultaneous DL Reception from Different Directions
As required in WID, the UE requriement of simultaneous DL reception from different directions from RF, RRM and demodulation perspectives should be the focus of this WI, while it should be noted that the applicable condition of UE supporting this simultaneous DL reception is of importance. 
By taking the below illustration figure as example, simultaneous DL reception from different directions (i.e., AoA1 and AoA2 with discriminated directions) can be achieved by utilizing two panels located in opposite sides of handheld UE. Similar to Rel-15, it is possible to support 2-layers by using two polarization from each AoA, while spatial diversity or saptial multiplexing can be achieved by simultaneous recpetion of AoA1 and AoA2. Obviously, the spatial diversity or multiplexing from 2AoA can only be achieved based on the assumption of independence of fading characteristics from AoA1 and AoA2.  
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Figure 2: Illustration of simultaneous DL reception from different directions, 
by using on two panels located in two opposite sides of handhold UE 
Observation 2: Simultaneous DL reception from different directions (i.e., AoA1 and AoA2 with discriminated directions) can be achieved by utilizing two panels located in opposite sides of handheld UE.
Observation 3: The spatial diversity or multiplexing from 2AoA can only be achieved based on the assumption of independence of fading characteristics from AoA1 and AoA2.  
Accordingly, if two AoA directions are approaching, the independence of fading characteristics could not be held, which could introduce performance degradation due to worse spatial isolation. One example is shown in Figure 3 as illustration for the case when AoA1 and AoA2 are close to each other: 
· If there is one antenna panel which is located in the side of incoming signals of AoA1 and AoA2: the combined signals can be received, but whether or not the signals from two directions can be discriminated (e.g., be treated as inter-MIMO layer interfence) depends on the independence of fading characteristics from AoA1 and AoA2. If two AoA directions are not close enough, it could be difficult for UE to find out a RX beam to receive both directions; therefore, it could only possible two AoAs are close enough to be received by a single UE RX beam. However, under this condition, it could means the same QCL-typeD to be applied for two directions, which is obviously not the key interests of this work item. Furthermore, the practice value of this scenario is also questionable, since we can’t find a real deployment to match with it. 
Proposal 2: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction is not the scope of this work item.

· If there is two antenna panels which are located in the side of incoming signals of AoA1 and AoA2: UE shall be designed to direct RX beams from two panels to AoA1 and AoA2 directly (e.g., panel1 to receive AoA1 and panel2 to receive AoA2). Theoretically, the system can work to support spatial multiplexing (4 layers totally, with 2 layers from each AoA) if the assumption of the independence of fading characteristics from AoA1 and AoA2 still holds. However, when 2AoA are approaching in practice, the cross-panel interfence (i.e., AoA1 signals are received by panel2 as cross-layer interference) is inevitable. Considering the FR2 spatial filtering in both UE and gNB side, the wireless channel should be a less-scattered condition with the number of discriminated paths much smaller than below-6GHz, thus resulting in the assumption of independence of fading characteristics from AoA1 and AoA2 hardly to be held. Therefore, with two AoA directions close to a certain degree, simulatenously reception is no long possible even with two panels implemented in the particular side of UE. 
[image: ]
[image: ]
Figure 3: illustration when AoA1 and AoA2 are close to each other (left) and two antenna panels which are located in the side of incoming signals of AoA1 and AoA2 (right)
Observation 4: Spatial MIMO (either spatial diversity or spatial multiplexing) performance will be degraded when the two AoAs are close to each other, even two antenna panels are located in the side of incoming signals of AoA1 and AoA2.

In our accompanying paper on UE RF requriement for this work item [4], how to guarantee the recpetion and what should be minimum angle between two AoAs are firstly brought up. From our understanding, it should be UE RF session’s scope to discuss the impact of close AoAs, and what should be applicable condition for dual AoA spherical coverage requirements. For the relevant RRM requirement, UE should follow the applicable condition of simultaneous DL reception to be defined in UE RF session. 
Observation 5: The applicable condition of simultaneous DL reception from different directions is the scope of UE RF session by specifying the requirements of dual AoA spherical coverage. 
Proposal 3: RRM requirement of simultaneous DL reception from different directions shall be defined based on the applicable condition to be specified in UE RF session.

2.3 RRM Requirement Impact Analysis
As required in WID, the RRM requirement impact shall be analyzed and identified. Furthermore, as required in WID, it should be noted that the RRM requirement discussion should be only focused on the enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier. 
Proposal 4: RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier, by excluding downlink CA operation.   

For RRM requirement which could be potentially enhanced by the feature of simultaneous DL reception from different directions, at least the following requirements are identified to be further studied. 
Proposal 5: At least the following RRM requirements shall be studied on whether UE RRM performance can be enhanced by supporint the feature of simultaneous DL reception from different directions.   
	Impacted RRM requirement
	Comments

	Handover to unknown FR2 cell
	Similar to FR2 RX beam sweeping number, need FFS on Tsearch to unknown cell

	Factor for FR2 RX beam sweeping
	With multi-panel simultaneous reception, to reduce RX beam sweeping number = 8 needs FFS: RLM, BFD, CBD, L3/L1- Measurement

	Measurement restriction for CSI-RS-based operation
	In current spec, UE is not required to both CSI-RS if “The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD”

	Scheduling restriction for CSI-RS-based operation
	In current spec, no scheduling restriction only if “CSI-RS which is type-D QCLed with active TCI state for PDCCH or PDSCH”

	Active TCI switching delay
	If the target TCI can be received simultaneously, then T_L1-RSRP = 0 can be also possible for FR2



As indicated in WID, the requirement of “Receive timing difference between different directions (different QCL Type D RSs)” shall be studied and specified if necessary. As we analysed in the above Section 2.2, it is only possible to have two AoA directions being distinct enough to have the simultaneous reception by utilizing two panels located in opposite sides of handheld UE. In other words, totally independent RF and BB processing should be provided to two distinct AoAs, which means no restriction should be given for MRTD between different directions (different QCL Type D RSs). 
Observation 6: Given that independent RF and BB processing is of necessity to support two distinct AoAs, no restriction on MRTD between different directions (different QCL Type D RSs) should be provided. 

2.4 RRM Testability for 2 AoA Setup
Similar to Rel-15 discussion, RRM testability discussioin should be provided based on (1) the feasibility of testing equipment (2) what/how testing is required to guarantee RRM performance. With that, the testability is concluded with TR 38.810 achieved, with the following agreement relevant to 2AoA setup for RRM: 
	<from TR38.810 clause 6.2.1.1>
-	Antennas, polarization, simultaneously active AoAs:
-	N dual-polarized antennas transmitting the signals from the emulated gNB sources to the DUT.
-	The antennas transmit into the test zone in such a way that signal polarization does not prevent the DUT receiving a consistent, predictable power level.
-	N ≥ NMAX_AoAs, where NMAX_AoAs is the maximum number of simultaneously active (emulating signal) angles of arrival AoAs.
-	For the scope of Rel-15 testing NMAX_AoAs = 2. 
-	For UE RRM baseline measurement setup based on DFF, the supported NMAX_AoAs = 2.
-	For UE RRM baseline measurement setup based on simplified DFF, the supported NMAX_AoAs = 1.
-	For UE RRM baseline measurement setup based on IFF, the supported NMAX_AoAs = 1.
-	Angular Relationship:
-	A positioning system such that an angular relationship with two axes of freedom is provided between the DUT and the test system antennas (or the setup should provide equivalent functionality).
-	For NMAX_AoAs = 2 the setup shall enable following relative angular relationships between the NMAX_AoAs simultaneously active AoAs: 30°, 60°, 90°, 120° and 150°. 
-	For single active probe scenarios, in case that step change of AoA is required, the setup shall enable following relative angular change between initial and target AoA: 30°, 60°, 90°, 120° and 150°.



	<from TR38.810 clause 6.2.1.4.2>
Scenario 3: RRM requirement with two Angle of Arrivals (2 AoAs).
-	Test directions:
-	Both signals come from the directions covered by the N% percentile EIS spherical coverage of the DUT
-	The angle between two probes should match the relative probe spacing of 30, 60, 90, 120, 150 deg and UE is in the directions in which the UE RRM test cases can be performed. 
-	Value of N is according to FR2 UE power class, as defined in TS 38.101-2 [16] clause 7.3.4.
-	The following sub-cases are considered
-	Case 1: TDM transmissions from 2 probes (i.e. each probe transmits both signal and/or artificial noise in TDM manner).
-	Case 2: Simultaneous transmission of signals from 2 probes
-	The details on how to control the SINR for Case 1 and Case 2 are provided in Annex H.
Note:	No conclusions on the feasibility of generating the testable side conditions made for Case 2. The feasibility of generating the testable side conditions for Case 2 can be further studied in the future releases.


Observation 7: From RRM testability studied in Rel-15 FR2 testability study item, there is no conclusion on the feasibility of generating the testable side conditions made for 2AoA Case 2 (Simultaneous transmission of signals from 2 probes). 

In the new Rel-18 testability study item [5], the following objective is relevant to RRM requirement: 
	The objectives for FR2-1 OTA testing for UEs with multi-panel reception and 4DL layer are as follows.

· Define a test methodology for RF/RRM/Demodulation requirements testing for devices that can receive simultaneously from multiple Angle of Arrival (AoA)
· The multiple AoA test setup should enable testing of up to 2 DL Layers with dual polarization for each angle
· For RRM, the target should be to allow testing of 4 AoAs with 2 simultaneously active AoAs 
· Define a test methodology for up to 4 DL MIMO layer demodulation testing
· Note: Revisit whether or not to include the case of transmitting simultaneously in RAN#97
· Note: Revisit whether or not to include other number of AoAs in RAN#97
· Smartphone form factor should be the first priority, other UE types should also be discussed as 2nd priority
· Develop the related preliminary uncertainty assessments for the test methodologies
· FR2 test methods defined in TR 38.810 and TR 38.884 should be used as the baseline. 
· The tests shall take the test system reuse, test system complexity and test time into account to keep the whole test costs within a reasonable level.


 
Similar to Rel-15, it is RAN4 RRM session’s scope to provide input to testability study item, by reviewing the needs of specifying relevant RRM performance requirements. Specificically, some aspects are brought up in this initial dicussion for more discussion in the follow-up meetings. 
Proposal 6: RAN4 RRM session shall provide input to Rel-18 testability study item (FS_NR_FR2_OTA_enh), by providing the needs of RRM performance requirement testing.  

Specifically, the test parameters required for UE RRM testing, given in clause 6.2.1.4.1 of TR 38.810 shall be used as the starting point to be confirmed by RRM session as the required parameters and metrics for 2AoA condition. 
Proposal 7: RAN4 RRM session use the test parameters required given in 6.2.1.4.1 of TR 38.810 as the starting point to discussion on 2AoA setup needed for RRM performance requirement for UE supporting simultaneous DL reception from from different directions with different QCL TypeD RSs: 
	Test parameters for RRM testing to be controlled at the reference point:
-	SNR of DL signal
-	DL power level (e.g. EPRE) (from AoA)
-	Relative DL power level of 2 signals
-	From intra-frequency or inter-frequency cells
-	From the same AoA or different AoAs.
-	Relative DL timing of 2 signals
-	Faded DL channel for each signal
-	AoA for arriving signals



3. Conclusion
In this contribution, we provided our analysis and viewpoint on the relevant RRM requirement impacts by introducing the function of simultaneous DL reception from different directions, accordingly the following observations and proposals are obtained: 
Observation 1: Rel-18 WI (NR_FR2_multiRX_DL) is targeted to specify RAN4 requriements for ”enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier”, which is of necessity to support Rel-16 eMIMO feature of DL multi-TRP operation. 
Proposal 1: RAN4 shall not introduce new, but reuse Rel-16 UE capability IE simultaneousReceptionDiffTypeD-r16, to indicate enhanced FR2-1 UEs supporting simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier. 
Observation 2: Simultaneous DL reception from different directions (i.e., AoA1 and AoA2 with discriminated directions) can be achieved by utilizing two panels located in opposite sides of handheld UE.
Observation 3: The spatial diversity or multiplexing from 2AoA can only be achieved based on the assumption of independence of fading characteristics from AoA1 and AoA2.  
Proposal 2: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to achieve two independent signals from the same or nearly the same direction is not the scope of this work item.
Observation 4: Spatial MIMO (either spatial diversity or spatial multiplexing) performance will be degraded when the two AoAs are close to each other, even two antenna panels are located in the side of incoming signals of AoA1 and AoA2.
Observation 5: The applicable condition of simultaneous DL reception from different directions is the scope of UE RF session by specifying the requirements of dual AoA spherical coverage. 
Proposal 3: RRM requirement of simultaneous DL reception from different directions shall be defined based on the applicable condition to be specified in UE RF session.
Proposal 4: RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier, by excluding downlink CA operation.   
Proposal 5: At least the following RRM requirements shall be studied on whether UE RRM performance can be enhanced by supporint the feature of simultaneous DL reception from different directions.   
	Impacted RRM requirement
	Comments

	Handover to unknown FR2 cell
	Similar to FR2 RX beam sweeping number, need FFS on Tsearch to unknown cell

	Factor for FR2 RX beam sweeping
	With multi-panel simultaneous reception, to reduce RX beam sweeping number = 8 needs FFS: RLM, BFD, CBD, L3/L1- Measurement

	Measurement restriction for CSI-RS-based operation
	In current spec, UE is not required to both CSI-RS if “The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD”

	Scheduling restriction for CSI-RS-based operation
	In current spec, no scheduling restriction only if “CSI-RS which is type-D QCLed with active TCI state for PDCCH or PDSCH”

	Active TCI switching delay
	If the target TCI can be received simultaneously, then T_L1-RSRP = 0 can be also possible for FR2



Observation 6: Given that independent RF and BB processing is of necessity to support two distinct AoAs, no restriction on MRTD between different directions (different QCL Type D RSs) should be provided. 
Observation 7: From RRM testability studied in Rel-15 FR2 testability study item, there is no conclusion on the feasibility of generating the testable side conditions made for 2AoA Case 2 (Simultaneous transmission of signals from 2 probes). 
Proposal 6: RAN4 RRM session shall provide input to Rel-18 testability study item (FS_NR_FR2_OTA_enh), by providing the needs of RRM performance requirement testing.  
Proposal 7: RAN4 RRM session use the test parameters required given in 6.2.1.4.1 of TR 38.810 as the starting point to discussion on 2AoA setup needed for RRM performance requirement for UE supporting simultaneous DL reception from from different directions with different QCL TypeD RSs: 
	Test parameters for RRM testing to be controlled at the reference point:
-	SNR of DL signal
-	DL power level (e.g. EPRE) (from AoA)
-	Relative DL power level of 2 signals
-	From intra-frequency or inter-frequency cells
-	From the same AoA or different AoAs.
-	Relative DL timing of 2 signals
-	Faded DL channel for each signal
-	AoA for arriving signals
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