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1. Introduction
The revised work item on the requirement for NR frequency range 2 (FR2) multi-Rx chain DL reception was approved at TSG RAN#98e [1]. One of the objectives of this work item is to:
•	Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
Moreover, it is stated in the WID [1] that:
•	The legacy spherical coverage requirement for reception from a single direction will be kept
And that:
•	PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized.
The subject was discussed at TSG RAN4#105 and the WF was agreed [2].
2. Discussion 
In RAN4 #105 meeting, a common WF [2] for agenda items 8.8.2.1 and 8.8.2.2, i.e., ‘System parameter assumption, UE architecture and conditions of UE RF requirements’ and ‘UE RF requirements’ was approved, and the corresponding agreements are provided in the previous section.

This contribution provides Nokia’s further views on ‘System parameter assumption, UE architecture and conditions of UE RF requirements’ topic for defining the RF requirements for FR2-1 multi-Rx chain DL reception for reception from two directions for PC3 UEs.

2.1 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)
· 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 offset vs orientation
The fixed orientation(s) of the AoA(s) refers to the exact value(s) of the azimuth and elevation angles of the AoA(s) relative to the orientation of the device under test whereas the fixed offset(s) of the AoA(s) means the relative value(s) in reference to a fixed AoA (which is the AoA of the legacy 1Rx test-probe, i.e., ‘Probe 1’). From the network perspective, it is preferred that the separation between 2 AoAs should be relative to ‘Probe 1’ which ensures that the minimal distance between AoAs can be within a threshold, e.g., AoAs received on the same antenna module of the UE.
· Single fixed AoA offset Vs multiple fixed AoA offset

a) Single fixed AoA offset
Figure 1 shows the TRP configurations for a given fixed AoA offset ranging from  to . These scenarios demonstrate the effect of having narrow and wide AoA offsets on the simultaneous reception performance of the UE.
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Figure 1: TRP configurations for a given fixed AoA offset ranging from  to 
It is clear from Figure 1 that based on the AoA offset, the two beams can be received either on the same antenna module or on two different antenna modules. Hence, keeping a single fixed AoA offset will not capture all the relevant practical use cases and we at least need multiple fixed AoA offset to cover different use case scenarios in the test.
Observation 1: Single fixed AoA offset will not cover all the relevant practical use cases.
Proposal 1: For fixed relative AoA separation for UE RF requirement test set up, single fixed AoA offset should not be considered.

b) Multiple fixed AoA offsets


Figure 2: Test set-up with multiple probes having fixed AoA offset
For the purpose of test, multiple probes having fixed AoA offsets seem to be the most feasible approach. Figure 2 shows an example of the anechoic chamber set-up for testing the RF performance of a multi-Rx UE receiving four layers on two AoAs where ‘P1’ is the test-probe corresponding to the first AoA and should be always selected and kept fixed as the reference whereas the other one must be selected among the test-probes ‘P21’, ‘P22’, ‘P23’, ‘P24’ for the second AoA. However, the identification of suitable multiple fixed AoA offsets is an open and important question as the offsets can take any value in the range  to  and the possibility of TRPs at the same BS site cannot be excluded. Therefore, further analysis is required to identify the number of AoA offsets and the corresponding offset angles as this will also impact the test time. In view of possible network deployment scenario, the minimum AoA offset of  should be considered.
Proposal 2: With fixed test-probe for AoA1, the offset angles for defining the AoA2 should be selected from the candidates   and .

2.2 Same UE RF requirements for mDCI vs sDCI
Agreement
· Strive to define single set of requirements for both sDCI and mDCI.
· Further study is needed to understand the difference between sDCI and mDCI and how to accommodate such difference in single set of requirements if feasible. 

In Issue 1.1.8 (i.e., On ‘antenna module’ and “panel”) of the WF [2], it has been agreed that the scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded and an antenna module receiving two AoAs simultaneously can be considered to consist of at least two panels, where ‘Panel’ is defined as a group of antenna element that controls beam independently. Furthermore, one beam can be selected and used for DL reception within a panel whereas multiple beams (each selected per panel) may be used for DL reception across different panels. Moreover, antenna panels used to receive two AoAs simultaneously is up to UE implementation. Hence, depending on the UE architecture and capability, we can have two types of UEs (per polarization):
1) UEs able to connect both Rx chains (per polarization) to the same antenna module, i.e., co-located panels as shown in Figure 3(a)
2) UEs only be able to connect a single Rx chain (per polarization) per antenna module, i.e., non-co-located panels as shown in Figure 3(b)
The performance of these two types of UEs in the challenging scenario of small AoA separation is shown below:
	
[image: ]
(a) Co-located Panels
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(b) Non-Co-located Panels


Figure 3: UE architectures with co-located and non-co-located panels (per polarization) for small AoA separation scenario 
With small AoA separation, the UE architecture in Figure 3(a) can receive all four layers on the same antenna module whereas the UE architecture in Figure 3(b) can only receive 2 layers (one ‘H’ and other ‘V’ polarized) on an antenna module. For the scenario shown in Figure 3(b) where one AoA aligns with the beam peak direction of antenna module ‘A1’ and the other AoA is pointing towards the side lobe of the beam of antenna module ‘A2’ due to the maximum steering angle limit of the beam, the main issue is that the power imbalance may be large between the received signals due to antenna gain imbalance between each branch due to one link being received on a side lobe. In such a use case, single-DCI scheme would limit the performance because performance is limited by the worst link. 
Observation 2: In single-DCI scheme, the performance of a given pair of AoAs for a given UE orientation would be dominated by the worst link and may be inferior to that of single direction reception.
Proposal 3: With small AoA separation and single-DCI scheme, the UE RF requirements may need to be relaxed as compared to the current requirements for single direction reception.
This leads to a preference for the support of multi-DCI scheme instead of single-DCI scheme since multi-DCI scheme can adapt both the links individually to deal with power imbalance between the two links. 
Observation 3: The performance of UE will be the best when the orthogonality of the 2 beams is achieved. Otherwise, the interference of the 2 beams will be introduced into the system. Based on the statistics of the tests for the specific UE (see Figure 3), the interference happens more often when the AoA of 2 beams becomes smaller. 
Proposal 4: For the multi-DCI scheme, we suggest keeping the legacy spherical coverage requirement in the standard, but we can also consider reasonable relaxation depending on AoA separation due to the inter-beam interference between the 2 beams.
On the other hand, the UE architecture in Figure 3(a) would benefit equally from single-DCI or multi-DCI scheme since both layers are received with similar power levels, but the beamforming gain for each direction will be reduced (theoretically 3dB) compared to single direction reception as the array splitting is used to form the two beams.
For the large AoA separation scenario, the signals from two AoAs will mostly be received on different antenna modules. Such a scenario is shown in Figure 4 where Figure 4(a) shows an example where both layers per polarization are being received on the main lobe of the beams whereas Figure 4(b) shows an example where one layer for a given polarization is received on the main lobe of the first Rx beam whereas the other layer for the same polarization is received on the side lobe of the second Rx beam due to the maximum steering angle limit of the beam.
	


(a) Both layers on the main lobe
	


(b) One layer on the main lobe and other on the side lobe


Figure 4: UE architecture with received beams on different antenna modules (per polarization) for large AoA separation scenario 
Based on Observations 2 and 3 (which are valid for any AoA offset), we conclude that even for large AoA offset, relaxation is required for UE RF requirements in single-DCI scheme whereas no relaxation in UE RF requirements is needed for multi-DCI scheme. Hence, based on the above discussion, it is preferred to have a different set of requirements for single-DCI and multi-DCI schemes.
Proposal 5: RAN4 to define a different set of UE RF requirements for single-DCI and multi-DCI schemes.




2.3 Deployment scenario assumption
· Proposals
· Option 1: non-co-located multi-TRP deployment scenario should be considered as the deployment assumption in deriving UE RF requirement for the 4 layer DL MIMO feature. (Samsung)
· Option 2: It is proposed to discuss and agree the detailed deployment scenario assumption before deriving relevant UE RF requirements. Further discussion among scenario #1~#3 in Figure 2~4 are beneficial for moving forward. (Samsung)
Agreement( in chairman notes): 
· Consider AoA setup and deployment scenario as a package.
Agreements: the mTRP assumptions achieved by RAN1 in the physical layer design (including TR38.802) can be taken as one of the references in deployment scenario discussion. Interested companies are encouraged to provide their analysis on deployment scenario and associated AoA setup in next meeting.
In the case of line-of-sight communication, for UEs supporting simultaneous DL reception from two directions, the AoA offset depends on two parameters: One is the distance between the TRPs, another is the distance between UE and the TRPs, as illustrated in Figure 5 below. The AoA offset will be minimum at the cell edge which means that the angular separation between the simultaneous DL beams depends very much on the separation between the TRPs.


Figure 5: AoA offset for UE supporting simultaneous DL reception from two directions 

To enable four layers from at least two different directions for an FR2-1 UE, multiple TRPs can be installed that provide overlapped coverage. This will also reduce the blockages for legacy UEs since these UEs can be served from the best TRP out of the multiple available TRPs. However, increasing the TRP density to provide overlapped coverage in a given geographical area will definitely increase the deployment cost. Therefore, the cost-effective approaches that minimize the number of deployed TRPs while keeping the outage of each UE below a certain threshold need to be considered [3]. In [3], the mm-wave TRP deployment problem for urban street geometry with 164 TRP candidates was studied, and a deployment solution was presented. Based on the solution proposed in [3], some specific examples of street-level mm-wave TRP deployment are shown in Figure 6 and Figure 7 which clearly show that the small AoA separation can’t be ignored.

Figure 6: Street level deployment of mm-wave TRPs (Example 1)



Figure 7: Street level deployment of mm-wave TRPs (Example 2)

Observation 4: In real deployment scenarios, small AoA offset is possible.
Proposal 6: For deriving UE RF requirements, small AoA offset must not be ignored.
3. Conclusions
This contribution has the following observations and proposals on UE architectures impacting UE RF requirements for FR2-1 multi-Rx chain DL reception.
Observation 1: Single fixed AoA offset will not cover all the relevant practical use cases.
Observation 2: In single-DCI scheme, the performance of a given pair of AoAs for a given UE orientation would be dominated by the worst link and may be inferior to that of single direction reception.
Observation 3: The performance of UE will be the best when the orthogonality of the 2 beams is achieved. Otherwise, the interference of the 2 beams will be introduced into the system. Based on the statistics of the tests for the specific UE (see Figure 3), the interference happens more often when the AoA of 2 beams become smaller.
Observation 4: In real deployment scenarios, small AoA offset is possible.
Proposal 1: For fixed relative AoA separation for UE RF requirement test set up, single fixed AoA offset should not be considered.
Proposal 2: With fixed test-probe for AoA1, the offset angles for defining the AoA2 should be selected from the candidates   and .
Proposal 3: With small AoA separation and single-DCI scheme, the UE RF requirements may need to be relaxed as compared to the current requirements for single direction reception.
Proposal 4: For the multi-DCI scheme, we suggest keeping the legacy spherical coverage requirement in the standard, but we can also consider reasonable relaxation depending on AoA separation due to the inter-beam interference between the 2 beams.
Proposal 5: RAN4 to define a different set of UE RF requirements for single-DCI and multi-DCI schemes.
Proposal 6: For deriving UE RF requirements, small AoA offset must not be ignored.
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