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Introduction
During RAN4#98-bis-e the following was agreed at the HST FR2 deployment discussion [1]:
	· For scenario-A, uni-directional, UE parameter:
· 1 beam per panel; 
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search

· For scenario-A, bi-directional, UE parameter:
· 1 beam per UE panel (i.e., 2 beam per UE)

· For scenario-B, uni-directional, UE parameter:
· Number of beam(s) per UE panel
· Option 1: 1 beam per UE panel 
· Option 2: 2 beams per UE panel 
· Option 3: 7 beams per UE panel
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search 

· For scenario-B, uni-directional, UE parameter:
· Number of beam(s) per UE panel
· Option 1: 1 beam per UE panel 
· Option 2: 2 beams per UE panel 
· Option 3: 7 beams per UE panel
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search 




In this paper we would like to discuss what assumptions on the number of UE RX beams should be considered by RRM group
Discussion
To justify the agreements made during deployment discussion and proposals made in this paper, we will refer to the link budget analysis. The main assumptions were described in [2] and [3]. For the analysis in this paper we used the antenna parameters agreed during the last meeting: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2] at RRH side and [Mg, Ng, M, N, P]=[1, 1, 4, 4, 2] at the UE side. One and two RRH beams per panel are considered for Scenario-A and Scenario-B correspondingly based on [1] and [4]. Figure 1 shows the radiation pattern of the beams, considered at the UE side. Boresight beam which is used for single Rx beam analysis is drawn with a thick blue line. The boresight beams of the RRH and UE are aligned when UE is located under the neighbouring RRH (RRH boresight angle is -0.8deg for Scenario-A and -12deg for Scenario-B)
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Figure 1. Radiation patterns of 8 CPE beams




Uni-directional Scenario A
In Figure 2 we demonstrate link budget comparison between the cases of single and multiple (8) Rx beams to be used at the UE side. As we can see on the most distance there is no difference between these two cases. The only benefit of using multiple Rx beams can be observed at the narrow area near RRH where UE tries to adapt its Rx beam to the RRH radiation pattern sidelobes.
	[image: ]
Figure 2. DL SNR along the track for the cases when one (blue curve) and eight (red curve) beams are used at the UE. Ideal beam/RRH switching based on the best provided SNR is considered


However, this analysis assumes ideal beam/RRH switching based on the best provided SNR. It doesn’t take into account the measurement report delay which is significant for such frequent beam/RRH change. In Figure 3 this delay is considered. There we assume the L1-RSRP report delayed by (TSSB * NRX) with TSSB = 20ms. We can observe significant performance degradation for 8 Rx beams case in the area close to RRH. This happens because network uses non-relevant measurement report switching to non-optimal RRH.
Observation 1: In uni-directional Scenario-A multiple UE Rx beams do not provide benefit comparing to single Rx beam.
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Figure 3. DL SNR along the track for the cases when one (blue curve) and eight (red curve) beams are used at the UE. L1-RSRP measurement report delay is considered (train moves from left to right)



Uni-directional Scenario-B
The analysis here repeats the analysis in [4]
[bookmark: _Hlk71379422]Figure 4 shows the comparison between DL SNR along the track for the case when one (red curve) and eight (blue curve) beams are used at the UE. As we can see, the benefit of increasing the number of UE beams is limited to the area where the second RRH beam is used. It is explained by misalignment between the second RRH beam and boresight UE beam. However, in this area we already have sufficient link budget with single UE beam especially from the RRM perspective where the requirements for SNR are much lower than the demodulation requirements for high MCS used in our analysis, so we are more than fine with the SNR provided by single beam
	[image: ]
Figure 4. DL SNR along the track for the cases when one (red curve) and eight (blue curve) beams are used at the UE. L1-RSRP measurement report delay is considered (train moves from left to right)



Observation 2: In uni-directional Scenario-B multiple UE Rx beams may provide better link budget on a short distance. But single Rx beam can still provide sufficient performance along the whole track
Based on the analysis above we can define the RRM requirements considering single beam used for beam search.
Proposal 1:  RAN4 to consider RX beam search scaling factor equal to 1 for RRM requirements in case of FR2 HST uni-directional deployment 
As it was mentioned during the deployment discussion, UE needs to be equipped with 2 panels to ensure its capability to operate in uni-directional deployments of any direction. Most of the time one panel would be inactive, UE will activate it only to define the direction of uni-directional deployment (when it needs to perform Rx beam search over both directions). We may need it in such rare cases as when we are entering the network, or after RLF (which is not expected in FR2 HST) or when the deployment changes its direction for some reason. The first two cases are covered by IDLE/INACTIVE mode requirements and RRC Re-establishment requirements. But for the last case network assistance might be helpful.
Proposal 2: Network should inform UE about the deployment change so that UE may switch on the second panel for beam search. UE to consider RX beam search scaling factor equal to 2 after this Network signalling.
Proposal 3: UE to consider RX beam search scaling factor equal to 2 for RRC Re-establishment requirements and for IDLE/INACTIVE mode operation.
Bi-directional deployment
The practicability of bi-directional deployment is discussed in [4] and [5] with the conclusion that it is better to consider only uni-directional deployment. Anyway, from the perspective of discussion on the number of Rx beams to be used, similar conclusions can be made as in uni-directional deployment. Similar behaviour is in uni-directional case can be observed for bi-directional deployment both for Scenario-A and Scenario-B. The only difference is that here we have both panel active and we should always consider Rx beam search scaling factor equal to 2 
Proposal 4: UE to consider RX beam search scaling factor equal to 2 for RRM requirements in case of bi-directional deployment.
Conclusion
In this paper we provided our view on the number of UE RX beams to be considered by RRM group. The following proposal were made:
Observation 1: In uni-directional Scenario-A multiple UE Rx beams do not provide benefit comparing to single Rx beam.
Observation 2: In uni-directional Scenario-B multiple UE Rx beams may provide better link budget on a short distance. But single Rx beam can still provide sufficient performance along the whole track
Proposal 1:  RAN4 to consider RX beam search scaling factor equal to 1 for RRM requirements in case of FR2 HST uni-directional deployment 
Proposal 2: Network should inform UE about the deployment change so that UE may switch on the second panel for beam search. UE to consider RX beam search scaling factor equal to 2 after this Network signalling.
Proposal 3: UE to consider RX beam search scaling factor equal to 2 for RRC Re-establishment requirements and for IDLE/INACTIVE mode operation.
Proposal 4: UE to consider RX beam search scaling factor equal to 2 for RRM requirements in case of bi-directional deployment.
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