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Introduction
RX beam number depends on scenarios and measurement periodicity configurations. To explain how RX beam number is defined, we focus on SNR link-budget with different scenarios impacting RRM specification with L1-RSRP measurement periodicity as example in this contribution.
Disucssion
According to the approved WF the following was agreed for scaling factor N [1]:
	· Scaling factor N
· Option 1: For FR2 HST, the FR2 scaling factor can be reduced as: 
· For uni-directional deployment, N=[1]
· [bookmark: _Hlk70953465][bookmark: _Hlk70949612]For bi-directional deployment, N=[2].
· Option 2: Keep existing RX beam number unchanged
· Other options are not precluded
· FFS: whether and what network assisted information is needed to reduce the number of RX beams



Based on scenario analysis in [2] [3], scenarios are summarized as:
· Scenario A,
· Uni-direction
· Bi-direction(not recommended)
· Scenario B,
· Uni-direction
· Bi-direction(not recommended)
Simulation results in [2] [3] for above 4 scenarios already proved similar results that SNR is kept enough good high with 1beam/panel with proper UE panel direction and beam direction.  
For scenario A and B, even no need to consider bi-directional, but do develop requirements robust enough to cover the case of uni-directional occasionally switching directions.
Observation 1:  For uni-directional deployment, N=[1], but need to consider case of uni-directional deployment occasionally switching directions also. 
Proposal 1:  The case of uni-directional occasionally switching directions can be treated as bi-directional deployment and N= [2].  It implies even if RRM requirements can be divided for uni-directional and bi-directional cases, N in uni-directional deployment has to be same as N in bi-directional deployment.
Observation 2:  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. Position of RRH impacts N also if UE beam isn’t always along with rail track.
Because UE beam direction isn’t along with rail track according to below simulation assumption in  [][], in bi-direction cases UE needs to double number of beams at forward panel to detect target beam which can be right side or left side UE doesn’t know.
· Scenario A,
· Uni-direction: UE panel and beam directions both are along with rail track.
· Bi-direction: UE panel and beam directions both are along with rail track.
· 
· Scenario B,
· Uni-direction: UE panel is along with rail track; UE beam direction has azimuth angle depicted in [].
· Bi-direction: UE panel is along with rail track; UE beam direction has azimuth angle depicted in [].
Observation 3: Only when UE moves from source RRH to target RRH, beam direction may change/sweep to find RRH at opposite side of rail track; when UE is beneath one RRH, beam side direction is fixed.

The issues in above two observations cause 2 times scaling factor in bi-directional deployment, some methods can be utilized to avoid waste of extra sweeping.
Proposal 2-1:  Cell stores list of RRHs’ right/left side information, UE beam directs correct azimuth direction based on the explicit information sent by RRHs in bi-directional deployment to keep 1beam/panel.
Proposal 2-2:  UE utilizes implicit network assisted information (trajectory, relative position between RRH and UE, beam indexes) decides beam azimuth direction in bi-directional deployment to keep 1beam/panel.
Proposal 2-3: RX beam can be adjusted adaptively, 1beam/panel when UE is beneath RRH; 2beam on panel towards target RRH when UE prepare move from source RRH to target RRH based on network assisted information.
Proposal 2-4:  Without any support, UE needs 2beams/panel to detect RRHs at both sides of rail track.
Proposal 2-5: Above three proposals are not controversial. Relying on condition, they can be used combined, i.e. UE can work with proposal 2-1, proposal 2-2 and proposal 2-3 based on received/identified information. If nothing gotten, UE falls back to proposal 2-4.

There were some concerns in last meeting if RRM specific measurement (delay due to measurement periodicity) may impact or change conclusion of scaling factor N derived by SNR link-budget.
We analysis the SNR link-budget with L1-RSRP measurement delay as below, 1 beam/panel is assumed to avoid complexity. 
Firstly, scenario B + unidirectional deployment is demonstrated with below figures:
[image: ]
· 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.
The leftmost panel with ideal SNR is the reference here. From practical point of view, analysis focuses on the other panels with non-ideal SNR:
First ideal SNR figure is just reference here. For 2nd figure to 4th figure:
· 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.
[bookmark: _Hlk71189568]Observation 4: For Scenario B + uni-directional deployment, L1-RSRP measurement delay may cause slight SNR drop.

Secondly, scenario B + bi-directional deployment is demonstrated with figures from left to right:
[image: ]
Based on above configurations, some parameters are modified to identify some issues about SNR drop. 
· Change RRH beam direction only 2 degree, obvious improvement of SNR drop is observed.
[image: ]
·  Increase Scaling factor N a.k.a. RX beam number from 1 to 2, no obvious improvement of SNR drop is observed.
[image: ]
· increase RRH beam from 1 to 2  cannot mitigate SNR drop.
[image: ]
Observation 5: For Scenario B + bi-directional deployment, L1-RSRP measurement delay may cause deep SNR to drop when UE is moving into target RRH’s beam after passing source RRH. Drop of SNR is generally severer with longer TSSB/DRX periodicity, but SNR can keep higher than 5dB in most cases. 

Thirdly, scenario A + ui-directional deployment is demonstrated with figures from left to right.
· It depicts that when L1-RSRP is equal to or less than 80ms, the introduced delay has minor impact.

[image: ]
Observation 6: For Scenario A + bi-directional deployment, L1-RSRP measurement delay may cause slight SNR drop.
Proposal 3: Beam management avoids source beam SNR sharp drop based on conditions if it’s necessary to keep high SNR.

According to discussion in last meeting, bidirectional and/or unidirectional mode flags can optimize RX beam sweep number. But it depends on how scaling factor is defined in RRM requirement. if scaling factor is a unique maximal number among two possible deployments, the flag cannot bring benefit to scaling factor definition in RRM spec. 
Proposal 4: For FR2 HST, the FR2 scaling factor can be reduced as:
· For uni-directional deployment, N=1
· For bi-directional deployment, N=2,3 up to 4 depends on capacities of RRH and UE. But target to worse case, for bi-directional deployment, N= 4 is suggested.
Conclustion
Observation 1:  For uni-directional deployment, N=[1], but need to consider case of uni-directional deployment occasionally switching directions also. 
Observation 2:  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. Position of RRH impacts N also if UE beam isn’t always along with rail track.
Observation 3: Only when UE moves from source RRH to target RRH, beam direction may change/sweep to find RRH at opposite side of rail track; when UE is beneath one RRH, beam side direction is fixed.
Observation 4: For Scenario B + uni-directional deployment, L1-RSRP measurement delay may cause slight SNR drop.
Observation 5: For Scenario B + bi-directional deployment, L1-RSRP measurement delay may cause deep SNR to drop when UE is moving into target RRH’s beam after passing source RRH. Drop of SNR is generally severer with longer TSSB/DRX periodicity, but SNR can keep higher than 5dB in most cases. 
Observation 6: For Scenario A + bi-directional deployment, L1-RSRP measurement delay may cause slight SNR drop.
Proposal 1:  The case of uni-directional occasionally switching directions can be treated as bi-directional deployment and N= [2].  It implies even if RRM requirements can be divided for uni-directional and bi-directional cases, N in uni-directional deployment has to be same as N in bi-directional deployment.
Proposal 2-1:  Cell stores list of RRHs’ right/left side information, UE beam directs correct azimuth direction based on the explicit information sent by RRHs in bi-directional deployment to keep 1beam/panel.
Proposal 2-2:  UE utilizes implicit network assisted information (trajectory, relative position between RRH and UE, beam indexes) decides beam azimuth direction in bi-directional deployment to keep 1beam/panel.
Proposal 2-3: RX beam can be adjusted adaptively, 1beam/panel when UE is beneath RRH; 2beam on panel towards target RRH when UE prepare move from source RRH to target RRH based on network assisted information.
Proposal 2-4:  Without any support, UE needs 2beams/panel to detect RRHs at both sides of rail track.
Proposal 2-5: Above three proposals are not controversial. Relying on condition, they can be used combined, i.e. UE can work with proposal 2-1, proposal 2-2 and proposal 2-3 based on received/identified information. If nothing gotten, UE falls back to proposal 2-4.
Proposal 3: Beam management avoids source beam SNR sharp drop based on conditions if necessary, to keep high SNR.
Proposal 4: For FR2 HST, the FR2 scaling factor can be reduced as:
· For uni-directional deployment, N=1
· For bi-directional deployment, N=2,3 up to 4 depends on capacities of RRH and UE. But target to worse case, for bi-directional deployment, N= 4 is suggested.
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