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1	Introduction 
At RAN4#106, a WF on FR2 UE RF requirements for 2AoA DL RX [1] was agreed. In the WF, multiple issues, including 2TRP grid for UE performance evaluation, requirement concept baseline, DL polarization, and UE simulation assumptions were discussed. 
In this contribution, we focus on the requirement concept and provide proposals and observations based on simulations results. We also discuss the DL polarization assumption used to derive the requirement.
2	Discussion
2.1 Requirement concept
The WF captures the following agreements:

Requirement Concept for UE RF 
· Proposal for UE RF requirement concept
· Option 1: The EIS total spherical coverage requirement should be defined with the tolerance Z dBm based on the requirements for the single direction (R4-2301622). 
· Option 3 from WF R4-2220533: Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%. (R4-2300196, R4-2300268, R4-2300709, R4-2301234, R4-2302250). 
· Option 5: Spherical coverage requirement only applies to ‘2nd direction’, but no requirement is applied to 1st direction. Consider the spherical coverage requirement for 2nd direction in the condition where the CDF of antenna beam gain for 1st direction meets the minimum spherical coverage of 50%. (R4-2300949)
Agreement: 
· Use Option 3 as baseline. 
· Companies can also provide the evaluation for Option 1 and Option 5.
· FFS on details for requirement concept e.g., DL power level in Option 3, in section 1.2.9

As Option 3 was agreed as the baseline, which is also our preferred option for reasons stated in [2], we focus our simulation efforts on it.  


2.1.1 Simulation assumptions and UE implementations

Key simulation assumptions are given below.
· Three UE implementations are simulated, as shown in Fig. 1. Implementation 1 has back-to-back panels pointing to opposite directions, Implementation has two panels with one at the top and the other on the side, and Implementation 4 has similar panel placement as Implementation 3 with the top panel having two antenna elements. Each panel consists of 4 dual-polarized antenna elements except the top panel of Implementation 4.
· The UE selects the beam for each AoA based on the criterion of max[log(1+SINR_AoA1) + log(1+SINR_AoA2)], where SINR_AoA1/2 is the signal-to-inference and noise ratio for AoA1/2, respectively. As discussed at the last meeting, when calculating the SINR for one AoA, the signal from the other AoA is treated as interference.
· An AoA pair is considered a qualified one when min(SINR_AoA1, SINR_AoA2) >= -1dB. Given a fixed DL power level, the requirement metric is the ratio of qualified AoA pairs to the total measured AoA pairs on the sphere in the test.
· We consider a channel bandwidth of 100MHz in band n257. The corresponding 50%-ile EIS value is -74.4dBm. Unless otherwise indicated, the DL power level is set as -74.4dBm.
· In the simulation, the setting is set according to the WF as shown below:
“In the coordination system of z-axis pointing to AoA1 (P0), the two AoAs (probes) shall be located in xz plane.”
· As agreed, we calibrate the simulation baseline with legacy 1AoA peak EIS spec.
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Figure 1. Three UE implementations considered in the simulations.


2.1.2 Simulation results

Fig. 2 shows the results of Implementation 1 and 3 when +AoA offset and -AoA offset are applied, according to the agreement in the WF below: 

· Testing both +AoA offset and –AoA offset for each test point shall be the starting point for simulation. The intention is to accommodate the impact from directionality of the AoA1-AoA2 DL orientation vectors. In other words we want to ensure no testing bias is introduced.

Fig. 2 presents CDF of min (SINR_AoA1, SINR_AoA2) for Implementations 1 and 3, with +AoA offsets and -AoA offsets of 30/60/90/120/150 degrees. As can be seen, for Implementation 1, the +offset and -offset curves almost coincide with each other, while there is a gap between +offset and -offset curves, sometimes quite significant as for +90 vs. -90, for Implementation 3. This is because implementation 1 has back-to-back panels, which is symmetrical, while Implementation 3 is not. This also proves the necessity of testing both +AoA offset and -AoA offset in the testing to remove bias.

Note the case of +180 and -180 degrees offset has identical curves for each implementation because +180 degrees offset is equivalent to -180 degree offset, and thus it is not included in Fig. 2.

Observation 1: 	+AoA offset and -AoA offset may or may not impact the performance, depending on implementations. 
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Figure 2. CDF of min (SINR_AoA1, SINR_AoA2) with +AoA offsets vs. -AoA offsets


Fig. 3 presents CDF of min (SINR_AoA1, SINR_AoA2) for Implementations 1, 3 and 4, with +AoA offsets of 30/60/90/120/150/180 degrees. Several observations can made as below:
· Implementation 3 performs the worse for any AoA offset, which is expected as it has a panel consisting of 2 antenna elements as opposed to 4 for Implementations 1 and 3.
· As AoA offset increases, not all implementations perform better. For instance, both Implementation 3 and 4 perform better and then worse with AoA offset increasing from 30 degrees to 180 degrees. 
· For different AoA offsets, Implementation 1 outperforms Implemention 3 (180 degrees), performs similar to Implementation 3 (150 degrees), or underperforms Implementation 3 (30/60/90 degrees).
· With the DL power level set to -74.4dBm, the two AoA performance is quite pessimistic.

Observation 2: 	Implementation 3 performs the worse for any AoA offset. 
Observation 3: 	As AoA offset increases, not all implementations perform better.
Observation 4: 	Either Implementation 1 or Implementation 3 may perform better depending on different AoA offset.
Observation 5: 	With the DL power level set to -74.4dBm, the two AoA performance is quite pessimistic.


[image: ][image: ]


[image: ][image: ]


[image: ][image: ]

Figure 3. CDF of min (SINR_AoA1, SINR_AoA2) with +AoA offsets for Implementations 1/3/4

While we have calibrated the simulation baseline with legacy 1AoA peak EIS spec agreed in the WF and considered three implementations, we would like to note:
1. Other panel implementations include panels with different capabilities (say number of antenna elements/per panel), other panel arrangement options, say one panel at one side and the other on the back, remains to be investigated. 
2. It was agreed that UE orientation w.r.t P0 position (z-axis) is based on declaration from the pool: {top, bottom, left, right, front, back}. So far we have only simulated the case where UE front faces positive z-axis.
3. With at least two panels required to support two AoA reception, UE implementation impairments should be re-discussed. They may include physical limitations and constraints, such as thermal noise effects, routing losses, and panel interaction (as both are active at the same time), etc.
4. As discussed before, besides the AoA mutual interference, if there is power imbalance between AoA1 and AoA2, its impact on AGC performance of each Rx chain needs to be considered.

Proposal 1: 	More UE implementations/orientation are to be simulated/investigated, and the final requirement should accommodate different UE implementations. 



2.1.3 Options on how to specify the requirement

At the last meeting, we proposed that to accommodate different UE implementations, which may require/declare different AoA offsets to meet the requirement, there are three options of specifying the requirement.

Option1: Define separate requirements for different pre-defined AoA offsets. The tested AoA offset is based on UE declaration. The UE is required to pass the requirement for at least one AoA offset. The requirement would look like: 
· Requirement 1: ratio of x% for AoA offset of 45 degrees.
· Requirement 2: ratio of y% for AoA offset of 90 degrees.

Option2: Define a single requirement for different pre-defined AoA offsets. The tested AoA offset is based on UE declaration. The UE is required to pass the requirement for at least one AoA offset. The requirement would look like:
· Single requirement: ratio of z% for AoA offset of 45 degrees and 90 degrees.

Option 3: Define a single requirement averaged across multiple pre-defined AoA offsets. No UE declaration is needed. UE is required to be tested for all pre-defined offsets. The requirement would look like:
· Single requirement: ratio of q% averaged between AoA offsets of 45 degrees and 90 degrees.

Given the dependence of two AoA performance on the UE implementation and the AoA offset values, we believe Option 1 and Option 2 are better suited. However, we would like to collect more views. 

Proposal 2: 	The above options on how to specify the requirement are to be further discussed. 


2.2 Fixed AoA offset
Further agreement on AoA offset was made in the WF [1]:

AoA separation for UE RF requirement 
· Proposals:
· Proposal 1: Number of AoA separations that UE must meet RF requirements.
· Option 1: UE is verified for one self-declared AoA separation from an agreed pool of options: (R4-2300268, R4-2300709. R4-2300987)
· Option 2: UE is verified for smallest AoA separation > 60⁰ : (R4-2300146)
· Option 2: UE is verified for  two AoA offsets, one larger than 90° and one smaller than 90° (R4-2302250)
· Proposal 2: test AoA separation list in addition to 60⁰ and 90⁰:
· Option 1: 30°, 120°, 150° (R4-2300949)
· Option 2: 30°, 120°, 150°, 180° (R4-2300987)
· Option 3: 135°, 180° (R4-2301622)
· Option 4: Should be decided in test method SI
Agreement:
· AoA offset value should be an integer multiple of the step size of the constant step size measurement test grid.
· In the simulation, all AoA separation values in the list {30°, 60°, 90°, 120°, 150°, 180°} shall be simulated.


As the results in Fig. 3 show, different UE implementations may perform differently with different AoA offset, it is necessary to allow UE to declare which fixed AoA offset it supports in meeting the core requirement, in order to allow UE implementation flexibility. We further believe given the various performances with different AoA offset, it is reasonable to require the UE to meet the requirement for one AoA offset only.

Proposal 3: 	It is up to UE to declare one fixed AoA offset it supports in meeting the core requirement. 

2.3 DL polarizations assumptions
In the WF [1], the follow agreement on DL polarization assumptions was made:

On DL polarizations
· Proposals:
· Proposal 1: on architecture assumption (Y/N):
· Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located (R4-2300268, R4-2300987, R4-2302250)
· Proposal 2: DL pol. assumption for derivation of the UE RF requirement (Y/N):
· The UE RF requirement is derived assuming the worst case polarization match between the 2 TRPs. The requirement applies for any combination of DL polarizations from each TRP (R4-2300709)
· Proposal 3: DL pol. assumption for verification of the UE RF requirement
· Option 1: The requirement applies for any combination of DL polarizations from each TRP, i.e for any of (TRP1, TRP2), (TRP1, TRP2), (TRP1, TRP2) or (TRP1, TRP2). RAN5 to choose which combination(s) to test for compliance verification. (R4-2300709)
· Option 2: Further study whether it is sufficient to verify the UE RF performance with a pair of orthogonal polarizations from the two probes for the UE RF requirement test (R4-2302250)
· Option 3: with cross-polarized combinations (AoA1&AoA2 and AoA1&AoA2) to reduce test cases (R4-2300987, R4-2301572)
· Option 4: with polarization combinations of  and  for the 2-DL spherical coverage test case. (R4-2301622)
Agreement: 
· DL pol. assumption for derivation of the UE RF requirement:
· The UE RF requirement is derived assuming the worst case polarization match between the 2 TRPs. The requirement applies for any combination of DL polarizations from each TRP.

As can be seen, there was no agreement on the DL polarization assumption used for deriving core requirement. We maintain that:
· One of the objectives of this WI is to enable UE to support 4-layer DL MIMO. To this end, it is better to assume that the UE uses both polarizations supported by an antenna module to receive one AoA. Note that this assumption in deriving the core requirement does not prevent UE implementations in which one panel only supports one polarization or choose to use one polarization to receive one AoA, as long as the requirement can be met. 
· Core requirement definition can be separated from testing/verification, where testing can have flexibility to support testing constraints or testing time reduction. For instance, sequential DL polarization selection from the test equipment side may be conducted.

Proposal 4:	It is assumed both polarizations supported by an antenna module are used to receive one AoA in deriving the core RF requirement, in order to make sure the UE can support 4-layer DL MIMO.

3	Conclusions
In this contribution, we make the following observations and proposals.

Observation 1: 	+AoA offset and -AoA offset may or may not impact the performance, depending on implementations. 
Observation 2: 	Implementation 3 performs the worse for any AoA offset. 
Observation 3: 	As AoA offset increases, not all implementations perform better.
Observation 4: 	Either Implementation 1 or Implementation 3 may perform better depending on different AoA offset.
Observation 5: 	With the DL power level set to -74.4dBm, the two AoA performance is quite pessimistic.

Proposal 1: 	More UE implementations/orientation are to be simulated/investigated, and the final requirement should accommodate different UE implementations. 

Proposal 2: 	The above options on how to specify the requirement are to be further discussed. 

Proposal 3: 	It is up to UE to declare one fixed AoA offset it supports in meeting the core requirement. 

Proposal 4:	It is assumed both polarizations supported by an antenna module are used to receive one AoA in deriving the RF requirement, in order to make sure the UE can support 4-layer DL MIMO.
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