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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
One of the first objectives of the FR2 HST WI [1] is to evaluate general RRM requirements. Following this, some RRM spec. will be derived. 
This contribution presents an overview of which spec. should be considered in order to support FR2 HST scenario. From high level point of view, some possibilities and limitations are discussed, which are desirable for further check preparation. 

Discussion
Idle/inactive mode cell reselection requirements enhancement 
Illustrated in Figure 2.1.1, Figure 2.1.2 and Figure 2.1.3, where we assume that a UE is travelling at 250km/h past a deployment of trackside RRH with different Ds definitions. 
Theoretical Es/Iot based on pathloss from all RRH is plotted. Es/Iot reaches a peak when the UE passes a trackside site and falls valley when the UE would be better served by another/adjacent RRH.
For intrafrequency mobility, we additionally assume a condition that the serving cell must have -6dB or better Es/Iot to maintain the connection [2], illustrated by T2 which length indicates reselection time required. 
It should be noted that these figures only demonstrate Es/Iot with pathloss which has not beam management or other practical implementations. In the other word, T2 in these figures is worst case.  

[image: ]
Figure 2.1.1 Es/Iot whenDs=500 meters
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Figure 2.1.2 Es/Iot when Ds=300 meters
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Figure 2.1.3 Es/Iot when Ds=200 meters

The above considerations are summarized in Table 2.1.1. In which, the propagation time for Ds distance indicates time in cell. 
	Ds [m]
	500
	300
	200

	Time for the train to travel Ds [s]
	7.2
	4.32
	2.88

	Intrafrequency mobility, T2 [s]
	2.02
	1.15
	0.86


Table 2.1.1 Reselection timing requirements
Observation 1: HST FR2 needs stricter reselection timing requirements. It is observed that T2 and ratio between T2 and propagation time for Ds need to be considered. 
Proposal 1: For reselection, Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra relative to time in cell need to be further checked with high priority. 
[bookmark: _GoBack]Open issue 1: Is idle mode/inactive mode for CPE with trunking really relevant to an HST deployment? CPE has very few possibilities to be idle/inactive mode. Enhancement in idle/inactive mode maybe is not prioritized.

2.2 Detection/measurement period
In below RRM requirements: 
· Measurement requirements including both L1 and SSB based L3 measurement
· Beam management requirements including beam failure detection, candidate beam detection and link recovery request
Detection/measurement period should be limited relative to time in cell.
For HST FR2, how to optimize beam sweeping is new phenomenon. It can be challenging especially as UE moves rapidly across beams. Meanwhile, CPE’s moving track relatively constant along with railway line.
From RRH’s side:
· Reducing beam number or restrict beam coverage range could avoid redundant processes which are time consuming. The reduction depends on deployment. 
· Also, we need to consider shorter measurement periods. For example, add more signaling trigger states to decreases the beam failures at edge of beams, considering UE's power consumption is not critical in HST FR2 

Beam optimization could be from UE’s side also:
· If  UE knows deployment e.g. beams are long railway, then the UE can limit beam sweeping. Currently UE uses 8 Rx beams to sweep before each measurement e.g. 8*TSMTC (for RRM) or 8 TSSB (for RLM and BM) etc.. So if UE can limit the beam sweep to 4 or 2 then it will cut down the delay by 2 or 4 times which are quite substantial. 
· Meanwhile, DRX should be limited in parallel.
· Limiting beam sweeping indicates maybe UE has ability to know beam direction roughly but dynamically. 
Proposal 2: As first step, timing budget needs to be studied before discussing how to optimize detection/measurement period.
Proposal 3: Comprehensive check is desired to cover beam number, Ds/Dmin, SSB periodicity, DRX, UE beam sweeping etc. The purpose is to have clearer view on beam optimization. The check can include theoretical calculation and simulation.
Proposal 4: Beam sweeping needs to be optimized to be suitable with implementation. 
Proposal 5: Need to check if UE can have position information to reduce UE beam number. 

2.3 Handover delay
In Handover delay requirement, Dhandover equals the applicable RRC procedure delay plus the interruption time. For interruption time,  
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Recalling TS38.133, Chapter 6.1.1.4, 
· Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is a known cell, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 8* Trs  ms. 
· Tprocessing is time for UE processing. Tprocessing can be up to 20ms. 
· Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
· T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ =  Trs for both known and unknown target cell.
· TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms.
Handover delay itself could be difficult to be trimmed, it is desired to shorten the interruption from other approaches, e.g. CPE moving track relatively constant along with railway line indicates there is relatively fixed trackable timing or geometry information.  
[bookmark: _Hlk61304016]Proposal 6: As first step, timing budget needs to be studied to understand handover delay reserved.
Proposal 7: Handover delay could be compensated by geometry-aided handover, not only trigger by power received.

2.4 Transition issue when beam change between RRHs
Propagation delays are illustrated in Figure 2.4.1. 
The figures show that for bidirectional deployment, when the switching of dominating beam occurs somewhere midways between RRHs (at 0.5Ds, 1.5Ds, etc.), the propagation delay is the same for both RRHs  hence if signals are transmitted simultaneously from the two RRHs, they are received simultaneously by the UE. 
The figures show that for unidirectional deployment, a significant difference in propagation delay between signals received from closest and next RRH is experienced UE might go out of a beam where it is as far away as possible from a RRH, and then go into a beam that is as close as possible to the adjacent RRH. Then the change is timing is about the propagation time for Ds.
[image: ][image: ]
Figure 2.4.1: Propagation delay for signal received by UE from each RRHs, for RRHs placed 10m, 30 or 50m from the track
In typical Ds and Dmin cases, shown in Table 2.4.1, the propagation delay differences (e.g. at Ds) already exceed the cyclic prefix for considered numerologies, see Table 2.4.2. 

	Ds (meter)
	800
	650
	300

	Dmin (meter)
	10
	10
	50

	Delay difference [µs]
	2.6
	2.2
	1


Table 2.4.1 Delay difference with different Ds
	SCS [kHz]
	CP [µs]

	60
	1.172

	120
	0.586


Table 2.4.2 Cyclic prefix length
Observation 2: Timing is a critical problem in HST FR2 scenario.
Proposal 8: It is desired to mitigate transition issue when beam change with unidirectional deployment.  

Conclustion
Observation 1: HST FR2 needs stricter reselection timing requirements. It is observed that T2 and ratio between T2 and propagation time for Ds need to be considered. Enhancement in idle/inactive mode maybe is not prioritized.
Observation 2: Timing is a critical problem in HST FR2 scenario.
Open issue 1: Is idle mode/inactive mode for CPE with trunking really relevant to an HST deployment? CPE has very few possibilities to be idle/inactive mode.
Proposal 1: For reselection, Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra relative to time in cell need to be further checked with high priority.
Proposal 2: As first step, timing budget needs to be studied before discussing how to optimize detection/measurement period.
Proposal 3: Comprehensive check is desired to cover beam number, Ds/Dmin, SSB periodicity, DRX, UE beam sweeping etc. The purpose is to have clearer view on beam optimization. The check can include theoretical calculation and simulation.
Proposal 4: Beam sweeping needs to be optimized to be suitable with implementation. 
Proposal 5: Need to check if UE can have position information to reduce UE beam number. 
Proposal 6: As first step, timing budget needs to be studied to understand handover delay reserved.
Proposal 7: Handover delay could be compensated by geometry-aided handover, not only trigger by power received.
Proposal 8: It is desired to mitigate transition issue when beam change with unidirectional deployment.  
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