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Introduction
Work on RRM requirements for train-mounted UE in high speed train scenario in FR2 [1] continued during the RAN4#100e meeting, with outcome in terms of agreements and open issues captured in WFs [2, 3].
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]:
Number of RX beams
	GtW agreements:
· RX beam number for RRM requirements definition
· Define two set of requirements for Scenario A and Scenario B in terms of number of RX beams per UE
· Scenario A: [2] RX beams for all scenarios
· Scenario B: [6] RX beams for all scenarios
· FFS on feasibility and methods to differentiate scenarios from UE perspective
· FFS if different UE capabilities shall be used for Scenario A and B support
· Note: if there is insignificant difference between Scenario A and B requirements, then further discussion on unified requirements can take place
Way forward:
Discuss the FFS issues from GTW agreement and the possibility to unify the requirements further.



Related to Scenario A, because RRH is close to rail, the beam implementation is straightforward, bi-directional needs double beams compared with uni-directional without any worry e.g. SNR or others. To our understanding, we believe no practical technologic problem to use 2 beam in scenario A, uni-directional scenario. 
Proposal 1: Scenario A: 1 RX beams for uni-directional scenario, 2 RX beams for bi-directional scenario.
Proposal 2: Scenario B: 4 RX beams for all scenarios.
The difference of RX beams in Scenario A and Scenario B shall be adopted in requirement, that is the reason and target we spent lots of time to discuss the issue in RRM session. 
Proposal 3: UE capability shall support Scenario A and B, but UE shall be able to follow different requirements through changeable configurations according to scenario A and B if it is decided to use Scenario A and B as reference or one of references to specify different requirements in document.

In last meeting some concerns on Dmin were raised besides of scenario A and scenario B. Surely the two scenarios can not cover all deployment variants, practical Dmin can have significant offset from scenario A and scenario B. It is difficult to distinguish exact boundary of Dmin with respect to significant SNR change.
Below are examples to demonstrate the ambiguity of boundary of Dmin. Where, panels figure L1-RSRP in which measurement periodicity is equal to 3 times 40ms TSSB/DRX.
In the case of scenario B + bi-direction shown in Figure 1, 4RX beams (2 RX beams/panel) are adopted, SNR still has enough level when Dmin=50m which is down from default 150m without any change of beam direction. It is noted that to get a fair good start point, the 2 RX beams directions are tuned at same level when Dmin=150m.
[image: ]
[bookmark: _Ref85326092]Figure 1 scenario B + bi-direction， Dmin varies from default 150m to 10m

In the case of ScenarioA+ uni-direction shown in Figure 2, 1RX beam is along with railway, SNR still keep high enough level when Dmin=50m which is up from default10m without any change of beam direction. It is noted that the left most portion of each panel is abnormal. Because the RRH at X-axis '0' is the initial RRH and such UE moves from left to right on the X-axis, this section can be disregarded.
[image: ]
[bookmark: _Ref85326126]Figure 2 Scenario A+ uni-direction, Dmin varies from default 10m to 150m


Observation 1: Various Dmin could cause SNR degradation if RX beam direction cannot change adaptively with Dmin.
Proposal 4: Adaptive RX beam change with Dmin based on explicit or implicit signaling by network can provide more freedom and margin of Dmin in deployment.
Comparing Figure 1 and Figure 2, when Dmin is close to 50m, Scenario A+ uni-direction and scenario B + bi-direction both still keep acceptable SNR.  If it is decided to use Dmin as reference to specify different RRM requirements, [50]m is a compromised number. Another consideration is scenario B + bi-direction may get benefit of freedom from [6] beam sweep number, UE may utilize the scaling factor to optimize receiving beam and receiving. Above all, the bound shall be more biased to 10m.
Proposal 5: If it is decided to include Dmin in condition(s) to specify different RRM requirements, [50]m is a compromised number to distinguish different RRM requirements. 
Proposal 6: Even number of Dmin is reference or one of references to distinguish different RRM requirements, we don’t suggest to use Dmin or distance number in definitions directly. We propose the scenarios for different RRM requirements in below:
· [Scenario A]: Deployments in which the basestations can always be expected to be visible within a single beam at one of the two panels. This scenario is typical when the maximum BS to track distance is low; e.g. less than 50m.
· [Scenario B]: Deployments in which the basestations are visible within one of 3 beams at one of the two panels. This scenario is typical when minimum BS to track distance is larger; e.g. greater than 50m.

Impact of RRH position at one/both sides of rail track
	Agreement:
There is no impact of RRH position at one/both sides of rail track in Scenario-A under the assumption that UE boresight direction (or the beam direction if there is only one beam) is parallel to the track
Way forward:
Companies are encouraged to evaluate candidate options for Scenario-B considering the GtW agreements
· Option 1: RRM requirements are defined with scaling factor which is double of number of RX sweep number in scenario study.
· Option 2: RRM requirements are defined with adapted scaling factor based on explicit or implicit signalling from network to UE.
· Other options are not precluded.



According to GtW agreements, [6] RX beams are defined in scenario-B in which the practical factors are included also. 
Proposal 7: [6] RX beams in scenario-B covers impact of RRH position at one/both sides of rail track according to GtW meeting. Further enhancement shall not be precluded, more efficient beam sweeping achieved by signaling from network can mitigate impact from unpredictable various RRH position.
  
Unified uni- and bi-directional RRM requirements
	Way forward:
Companies, which have concerns with regard to defining a unified set of enhanced RRM requirements for uni- and bi-directional modes, are encouraged to bring technical analysis outlining the cause/reason for the difference in uni and bi-directional modes taking into account different (or range of) Dmin, etc.  
Companies are recommended to capture their analysis in TR 38.854.



Proposal 8: Uni-direction and bi-direction shall also be included in conditions or benchmark to specify different RRM requirements, since we stand on that view: in scenario A: 1 RX beams for uni-directional case, 2 RX beams for bi-directional case. No reason to waste operation on useless directions in uni-directional case. 
Conclustion
Proposal 1: Scenario A: 1 RX beams for uni-directional scenario, 2 RX beams for bi-directional scenario.
Proposal 2: Scenario B: 4 RX beams for all scenarios.
Proposal 3: UE capability shall support Scenario A and B, but UE shall be able to follow different requirements through changeable configurations according to scenario A and B if it is decided to use Scenario A and B as reference or one of references to specify different requirements in document.
Observation 1: Various Dmin could cause SNR degradation if RX beam direction cannot change adaptively with Dmin.
Proposal 4: Adaptive RX beam change with Dmin based on explicit or implicit signaling by network can provide more freedom and margin of Dmin in deployment.
Proposal 5: If it is decided to include Dmin in condition(s) to specify different RRM requirements, [50]m is a compromised number to distinguish different RRM requirements.  
Proposal 6: Even number of Dmin is reference or one of references to distinguish different RRM requirements, we don’t suggest to use Dmin or distance number in definitions directly. We propose the scenarios for different RRM requirements in below:
· [Scenario A]: Deployments in which the basestations can always be expected to be visible within a single beam at one of the two panels. This scenario is typical when the maximum BS to track distance is low; e.g. less than 50m.
· [Scenario B]: Deployments in which the basestations are visible within one of 3 beams at one of the two panels. This scenario is typical when minimum BS to track distance is larger; e.g. greater than 50m.
Proposal 7: [6] RX beams in scenario-B covers impact of RRH position at one/both sides of rail track according to GtW meeting. Further enhancement shall not be precluded, more efficient beam sweeping achieved by signaling from network can mitigate impact from unpredictable various RRH position.
Proposal 8: Uni-direction and bi-direction shall also be included in conditions or benchmark to specify different RRM requirements, since we stand on that view: in scenario A: 1 RX beams for uni-directional case, 2 RX beams for bi-directional case. No reason to waste operation on useless directions in uni-directional case. 
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