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1	Introduction 
At RAN4#105, a WF on FR2 UE RF requirements for 2AoA DL RX [1] was agreed. In the WF, multiple issues, including test setup, requirement concept, and AoA separation. In this contribution, we focus on the requirement concept and provide a throughput-based spherical coverage concept. 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 
· Candidate Proposals
· Option 1: Requirement is based on 2AoA directional sensitivity statistics. 
· Option 1a: Spherical coverage requirement is based on a pair-wise EIS value defined as max(EIS_AoA1, EIS_AoA2). (R4-2218166)
· Option 1b: spherical coverage requirement is defined based one “joint sensitivity”, i.e., . TJ2AS = f(J2ASAoA1, AoA2, J2ASAoA1, AoA2, J2AS AoA1 AoA2, J2AS AoA1, AoA2) for sDCI (R4-2219852)
· [bookmark: _Hlk114739493]Option 1c: Spherical coverage requirement is based on EIS degradation, i.e. EIS tolerance = max(∆EIS_1, ∆EIS_2) ≤ [TBD] dB (R4-2218874)
· Option 2: Requirement is based on the spherical coverage EIS of AoA1 (which is swept over the full sphere), and a fixed/pre-defined power level for AoA2 (R4-2218166)
· Option 3: 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%. (R4-22218755, R4-22219497)
· Option 4: RAN4 considers specifying the demod requirements of multi-Rx in FR2 with pre-defined side condition, instead of defining the two-AoA spherical coverage requirement (R4-2218166)
Agreement (in chairman notes): 
· Only consider the requirement listed in the WID.

Agreement: Multi-Rx requirement concept can be further discussed based on the listed candidate options. Interested companies are encouraged to provide analysis in next meeting. Other candidate options are not precluded.

As can be seen, there are a few options on the table. Since testing complexity is inherently part of the requirement concept consideration, it is useful to examine its impact. The impact is two-fold:
· Fixed AoA offset: With the agreement to take fixed AoA offset as the starting point in test setup assumption, it is understood that not all possible AoA pairs can be measured in the test. As a result, it is not feasible to obtain the EIS of any two AoAs and derive the EIS distribution CDF curve. Furthermore, different AoA offset used in the test would yield different test results. This makes option 1a and option 1b infeasible or less desirable as both seek to derive the spherical coverage based on the EIS CDF.
· Power sweeping required by EIS: Power sweeping is time-consuming. For the two AoA case, because one AoA's DL power is another AoA's interference at the UE RX, simply lowering the power for both EIS to arrive at EIS is impossible. Instead, some power iteration between the two AoAs is needed. As a result, power sweeping gets more complicated and takes more time to complete.

Furthermore, as stated in our contribution [2], UE support of simultaneous two-AoA RX in R18 is a nice-to-have enhancement, but not an essential feature. In other words, the network will benefit from a UE supporting a large range of two AoAs, and the network will also benefit from a UE supporting a limited range of two AoAs. By contrast, the EIS spherical coverage requirement RAN4 specified for single AoA reception in R15 is used to ensure that an FR2 UE can receive sufficiently well from one BS/TRP to maintain good connections, despite the varying UE location relative to BS’s location and the UE rotation. Therefore, it is not necessary to use EIS as the only metric to verify the UE’s two AoA reception spherical coverage performance.

With the above consideration, we propose throughput-based spherical coverage concept, which is built on both Option 3 and Option 4.


2.1.1 Throughput-based spherical coverage requirement concept

The concept is defined as follows. 
· Given fixed DL power for both AoAs, the requirement metric is the ratio of qualified AoA pairs to the total measured AoA pairs on the sphere in the test. The requirement may or may not differ for different UE declared AoA offsets.
· The requirement is verified as a functional test. Testing verifies if the UE can decode the data on the two AoAs separated by the fixed offset to meet a pre-defined throughput target, without determining the EIS values for each AoA. This can be achieved by specifying the reference measurement channel (RMC) and the UE is required to achieve a throughput in the test that shall be ≥ 95 % of the maximum throughput of RMC, a similar way as for the current receiver sensitivity requirement. 
· Qualified AoA pairs: those that can meet the pre-defined throughput target given the fixed DL power.
· The two requirement parameters are the fixed DL power level and the ratio of qualified AoA pairs to the total measured AoA pairs on the sphere. Note that they could be different between UEs supporting sDCI and mDCI.

The major benefits of this concept are listed below.
· While not relying on EIS, it serves as a good indicator of how well a UE can support two AoAs over the whole sphere.
· It accommodates the fixed AoA offset constraint in the testing, not requiring testing of all AoA pairs.
· It does not require complicated and time-consuming power sweeping procedures, thereby reducing testing time. 

Proposal 1: 	It is proposed to adopt the throughput-based spherical coverage requirement concept as a baseline for further discussion. 


2.1.2 Options on how to specify the requirement

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.

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


2.1.3 Preliminary simulation results

To verify the requirement concept, we present some preliminary simulation results. Key simulation assumptions are given below.
· UE is assumed to have two back-to-back panels (pointing to opposite directions), with each panel consisting of 4 dual-polarized antenna elements. The max. gain of an antenna element is 5.7dB.
· 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.

Fig. 1 presents CDF of min (SINR_AoA1, SINR_AoA2) for different AoA offsets, 30/60/90 degrees, given the DL power of -69dBm. As the RMC for mDCI was agreed to reuse that of the single carrier, if min (SINR_AoA1, SINR_AoA2) is no smaller than the required SNR of the RMC, the throughput performance of each layer can be ensured for mDCI. FFS for sDCI. It can be observed that the number of qualified AoA pairs increase as AoA offset gets larger. This is in line with the expectation that as AoA offset increases, the mutual interference between the two AoAs becomes less severe. 
[image: ]
Figure 1. CDF of min (SINR_AoA1, SINR_AoA2) with different AoA offsets

It is important to note:
1. As RAN4 has not agreed on the detailed simulation assumptions pertaining to simulation efforts, some of the assumptions in the simulation are optimistic.  For example, a 5.7dB antenna element gain is assumed, with no other integration or beamforming impairments considered.  In future simulation efforts aimed to help derive the final requirement, antenna assumptions should be consistent with those used to derive R15 spherical coverage.
2. The back-to-back arrangement of panels maximizes the potential multi-panel performance. In practice, there can be suboptimal panel arrangements which need to be considered and accommodated in the final requirement, similar to R15 where a mix of 2-panel and 1-panel data was considered when deriving the requirement. Other panel implementations include panels with different capabilities (say number of antenna elements/per panel), other panel arrangement options, say one panel at the top/bottom of the UE and the other on the side, remains to be investigated. 
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.
5. Given all the above aspects require further discussion, the results in Fig. 1 are provided for illustrative purposes to show how the requirement concept works.

Proposal 3: 	More UE implementations are to be simulated/investigated, and the final requirement should accommodate different UE implementations. 

2.2 Fixed AoA offset
Fixed AoA offset was discussed in the WF [1]:

Test set up assumption for UE RF requirement
· Proposals
· Option 1: fixed relative AoA separation: The UE RF requirement is based on a test system that can support multiple fixed relative AoA locations during test. (R4-2218042, R4-2218755)
· [bookmark: _Hlk118857836]Option 2: variable relative AoA separation: Consider K sample(s) in the legacy spherical coverage of 50%-xile in one panel and all samples in the other panel for evaluating CDF of multi-Rx. Assume all K sample(s) to be selected at the same point of CDF 50%-xile considering the lowest received power. (implied in R4-2218528)

Agreement (in chairman notes): 
· Take Option 1 as the starting point
· Multiple fixed orientation of the AoAs or single fixed orientation of AoA can be considered for test
· Multiple fixed AoA offset values or single fixed AoA offset value can be considered for core requirement

AoA separation for UE RF requirement
· Proposals for test systems that can support fixed relative separation of AoA1 and AoA2 during test:
· Option 1: define requirements that the UE can satisfy for any one AoA separation of UE’s choice: If the eventual UE RF requirement depends on sensitivity measurements at each grid point, the UE is allowed to meet the requirement for its (singular) choice of preferred fixed AoA separation. AoA separation choices available to the UE would be agreed separately. (R4-2218042)
· Option 2: define exclusion zone: When AoA1 is swept over the full sphere, AoA2 is swept over angles that are outside of the exclusion zone calculated from AoA1, such that AoA2Ze, where Ze defines the exclusion zone as a function of AoA1 (e.g. AoA1 - d,theta < Ze,theta < AoA1 + d,theta and AoA1 - d,phi < Ze,phi < AoA1 + d,phi).  Further study and discussion is needed to determine d,theta and d,phi.. (R4-2218166)
· 
Agreement (in chairman notes): 
· FFS on the number of angular separations including values for the UE RF requirements.
As implied in Section 2.1, to accommodate different UE implementations, it is necessary to allow UE to declare which fixed AoA offset it supports in meeting the core requirement. 

Proposal 4: 	It is up to UE to declare which 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:

Agreement:
· Option 1: Multiple aspects may be chosen:
· Aspect 1: The RF requirement can be defined for any AoA pair with assumption that TRP1 uses  polarization when TRP2 uses  polarization and vice-versa without any limitation of angular separation between two AOAs. (R4-2219125)
· Aspect 2: Limit the polarization combinations (from 4 possible:   and )) for the 2-DL spherical coverage test case (R4-2219852)
· Option 2: Take the mTRP system level assumptions in TR38.802 as the baseline and further discuss whether any additional constraints on DL polarization are necessary for the RF requirement definition.
· Other options are not precluded.

Since fixed offset has been agreed as a starting point for testing, we tend to think that aspect 1 is not an option for further discussion. In particular, as we stated before, while it can be achieved in the controlled test setup, it is the unlikely case in real deployment, where each TRP transmits signals with both polarizations. Furthermore, 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. 

It is also important to note the difference between the core requirement definition and the verification procedure. While we argue both polarizations are used to derive the core requirement, we understand during verification of this requirement, sequential DL polarization selection from the test equipment side may be conducted.

Proposal 5:	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.

Proposal 1: 	It is proposed to adopt the throughput-based spherical coverage requirement concept as a baseline for further discussion.

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

Proposal 3: 	More UE implementations are to be simulated, and the final requirement should accommodate different UE implementations. 

Proposal 4: 	It is up to UE to declare which fixed AoA offset it supports in meeting the core requirement. 

Proposal 5:	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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