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Introduction
In this contribution, we focus on issues RX beams specifications due to HST FR2 deployment.
Disucssion
According to the approved WF, the following related to RX beam number was agreed [1]:
	· FFS the feasible number of RX beams from RRM perspective
· deployment scenario study is used as reference



Referring scenario analysis in [2] [3], scenarios are summarized as below, and number of RX beams was checked under these scenarios in scenario analysis:
· Scenario A,
· Uni-direction
· Bi-direction (not recommended)
· Scenario B,
· Uni-direction
· Bi-direction(not recommended)
Observation 1: Simulation results in scenario session for different scenarios already proved similar results that enough high SNR is kept with 1beam/panel with proper UE panel direction and beam direction.    
Proposal 1:  For Uni-directional deployment, RX beam number =1/panel. 
Proposal 2:  For Bi-directional deployment, RX beam number =1/panel; or 2 totally.
There were some concerns raised in last meeting if RRM specific measurement (e.g., delay due to measurement periodicity) may impact or change conclusion of scaling factor N derived by scenario analysis. Therefore, we studied the impact to L1-RSRP and proposed solutions to mitigate or improve the issues which were found in the impact analysis.
Firstly, scenario B + Uni-directional deployment is demonstrated with below figures with assumptions:
· Upper figures indication UE moves from 0 to 3000 meters in X-axis, backwards boresight of RRH’s panels
· Bottom figures indication UE moves from 0 to 3000 meters in X-axis, towards boresight of RRH’s panels
For each column:
· The leftmost panel illustrates the ideal SNR 
· The panel second from the left illustrates SNR when  L1-RSRP periodicity with 3 times 40ms TSSB/DRX is used.
· The panel second from the right illustrates SNR when L1-RSRP periodicity with 3 times 80ms TSSB/DRX is used.
· The rightmost panel illustrates SNR when L1-RSRP periodicity with 3 times 160ms TSSB/DRX  is used.
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Figure 1: Scenario B + Uni-directional deployment
[bookmark: _Hlk79056128]The leftmost graph with ideal SNR is the reference here. For 2nd figure to 4th graph:
· The blue curve(in) demonstrates the best SNR after L1-filtering. This can be interpreted as beam switching with no delay. 
· For the red curve beam switch delay due to L1-RSRP measurement is taken into account.
When UE moves towards boresight of RRH’s panels, SNR drops quickly when UE is moving beneath RRH resulted by sudden disappearing of RRH’s beam. 
[bookmark: _Hlk71189568]Observation 2: For Scenario B + Uni-directional deployment, L1-RSRP measurement delay may cause deep drop of SNR especially when UE moves towards boresight of RRH’s panels. Increasing RX beam number has not help on the issue.

Secondly, scenario B + Bi-directional deployment is demonstrated with figures from left to right:
[image: ]
Figure 2: Scenario B + Bi-directional deployment
With above configurations, increasing RX beam number from 1 to 2 can’t bring obvious effective improvement of SNR drop is observed.
Observation 3: For Scenario B + Bi-directional deployment, L1-RSRP measurement delay may cause deep drop of SNR when UE is moving into target RRH’s beam after passing source RRH. Increasing RX beam number has not help on the issue.
Thirdly, scenario A + Uni-directional deployment is demonstrated in Figure 3. It can be observed that in case UE moves towards boresight of RRH’s panels, L1-RSRP may be lost when UE is passing source RRH before switching to next beam from target RRH. Given that L1-RSRP are used by network to manage UE’s serving and candidate beams, it may introduce beam management performance degradation or failure further. 
[image: ]
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Figure 3: scenario A + Uni-directional deployment
Observation 4: For Scenario A + Uni-directional deployment, L1-RSRP measurement delay may cause SNR drop when UE moves towards boresight of RRH’s panels. L1-RSRP may be lost when UE is passing source RRH before switching to next beam from target RRH. Increasing RX beam number has not effect on the issue.
Observation 5: Based on observations, RRM specific measurement (take L1-RSRP as example) may be impacted by measurement periodicity but increasing RX beam cannot bring benefit effectively. 
Proposal 3: Given that the network uses L1-RSRP to control UE serving and candidate beams, observed issues in different scenarios might result in deterioration of beam management performance and so on. We proposed mitigation solution in issue of TCI state switch.

And Network assistance for reducing RX beam number was agreed also:
	· FFS: to be discussed depending on the outcomes of the deployment scenarios



[bookmark: _Hlk77857574]Besides of issues about difference between Uni-directional and Bi-directional deployments, it needs to be clarified that if positions of RRH may be at same side of rail track, ’Z’ shape at two sides of rail track or randomly at two sides of rail track. Because UE beam direction isn’t along with rail track in Scenario B according to simulation assumption in [2][3], UE is forced to detect target beam which can be right side or left side UE may don’t know and extra detection area results in double of scaling factor N.
Observation 6: it needs to be noted that positions of RRH may be at same side of rail track or both sides of rail track, the phenomenon has neglectable impact to RRM requirements, e.g., scaling factor. 
Proposal 4:  2 options for possible number of RX beams or scaling factor definitions can be used to handle different positions of RRH at one/both sides of rail track.
1. RRM requirements are defined with scaling factor which is double of number of RX sweep number in scenario study. 
2. RRM requirements are defined with adapted scaling factor based on explicit signalling from network to UE or implicit signalling based on UE’s identification of SSB index/TCI-state, position of UE relative to RRHs and so on. 
We prefer option 2  which can avoid unnecessary delay.
For more clear clarification of option2, an exemplary demonstration is in the following:
We categorize two possible different UE positions relevant to RRH’s positions:
· Between RRHs


Figure 4: Possible beam combinations when UE is between RRHs
UE connected via beam in the backwards direction, either on right or left side of the track, and is looking for beams in the forwards direction on right and left side of the track. When UE is moving and changing to new RRH from RRH1 to RRH2, it should be connected via backwards wards-right (or -left) pointing beam, searching using forwards -right and forwards -left pointing beams.  The connection to current camping beam is known, so UE only just keeps one beam direction to existing RRH. But to possible 2 RRHs, UE need to search 2 possible directions. 
· Beneath RRH


Figure 5: Possible beam combinations when UE is beneath an RRH

UE is connected to forward -right (or left) pointing beam and is looking for beams in the backward-right (or left) direction i.e., on the same side of the track as the beam to which it currently is connected. When UE is moving and approaching and passing RRH, it should be connected via forwards-right (or -left) pointing beam, searching using -right (or -left) pointing beam. The connection to current camping beam is known, if UE is connected to SSB-1 of RRH2, it implies UE only need to monitor same right or left side. In ideal situation, UE RX beam sweep number should keep changing based on current categorization, as depicted in below table. 

	UE RX beam sweep number
	Between RRHs
	Beneath RRH
	Between RRHs
	Beneath RRH

	forward
	2
	1
	2
	1

	backward
	1
	1
	1
	1

	It should be noted that above beam numbers, 1 and 2, only indicate possible minimal number of RX beams as example in this issue.



Explicit signalling from network to UE can indicate number of beam sweep needed. If no explicit signalling, implicit signalling is alternative which is based on mapping between SSB beam index and UE RX beam sweep direction (forward, backward) together with criteria based on L1-RSRP(or other metric of power/SNR) of different TCI state/SSB beam index and so on. 

Additionally, in response to the question raised in last meeting regarding an Obstruction, such as a pole or other piece of equipment, being between the UE and BS, it’s non-issue in our opinion.
An exemplary calculation shows If the train is travelling at 350km/h, a blockage by a 1m wide pole would prevent propagation for 10 milliseconds, and 1m is a pretty large diameter for a pole. Additionally, taking Huygens principle into account, which states that when an electromagnetic wave is obstructed by a pole, it creates a "hole" in the field immediately behind the pole and has little effect on entire propagation.
On the other side, if we are to design for big obstruction, e.g., billboards hanging over the track blocking the radio signals, then the assumptions made in the WI thus far might be incorrect and the analyses on link budget overly optimistic. We propose that concern about obstruction should not alter current discussion and reserve solution for the issue separately or specifically. 
Proposal 5: Obstruction between RRH and UE, it may happen in practice indeed, and its impact to RRM, e.g., beam management/RX beam number doesn’t need to be discussed in this session.

Conclustion
Observation 1: Simulation results in scenario session for different scenarios already proved similar results that enough high SNR is kept with 1beam/panel with proper UE panel direction and beam direction.    
Observation 2: For Scenario B + Uni-directional deployment, L1-RSRP measurement delay may cause deep drop of SNR especially when UE moves towards boresight of RRH’s panels. Increasing RX beam number has not help on the issue.
Proposal 3: Given that the network uses L1-RSRP to control UE serving and candidate beams, observed issues in different scenarios might result in deterioration of beam management performance and so on. We proposed mitigation solution in issue of TCI state switch.
Observation 4: For Scenario A + Uni-directional deployment, L1-RSRP measurement delay may cause SNR drop when UE moves towards boresight of RRH’s panels. L1-RSRP may be lost when UE is passing source RRH before switching to next beam from target RRH. Increasing RX beam number has not effect on the issue.
Observation 5: Based on above observations, RRM specific measurement (take L1-RSRP as example) may be impacted by measurement periodicity but increasing RX beam cannot bring benefit effectively. 
Observation 6: it needs to be noted that positions of RRH may be at same side of rail track or both sides of rail track, the phenomenon has neglectable impact to RRM requirements, e.g., scaling factor. 
Proposal 1:  For Uni-directional deployment, RX beam number =1 per panel. 
Proposal 2:  For Bi-directional deployment, RX beam number =1 per panel; 2 totally.
Proposal 3: Given that the network uses L1-RSRP to control UE serving and candidate beams, this might result in a deterioration of beam management performance. We proposed mitigation solution in issue of TCI state switch.
Proposal 4:  2 options for possible number of RX beams or scaling factor definitions can be used to handle different positions of RRH at one/both sides of rail track.
3. RRM requirements are defined with scaling factor which is double of number of RX sweep number in scenario study. 
4. RRM requirements are defined with adapted scaling factor based on explicit signalling from network to UE or implicit signalling based on UE’s identification of SSB index/TCI-state, position of UE relative to RRHs and so on. 
We prefer option 2  which can avoid unnecessary delay.
Proposal 5: Obstruction between RRH and UE, it may happen in practice indeed, and its impact to RRM, e.g., beam management/RX beam number doesn’t need to be discussed in this session.
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