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1. Introduction

The WI on NR support for high speed train scenario in FR2 was approved in [1]. The objectives of core part are duplicated as below.
	· Investigate and specify the following scenarios 

· NR SA single carrier scenario in FR2

· Focused on train roof-mounted high-power devices 

· Single panel, i.e. only one active antenna panel at a time, as baseline antenna assumption 

· The target applicable frequency is up to 30GHz. The candidate frequency bands including band n261, n257 and n258. Target deployment scenario is multi-RRHs share the same cell-ID, the detailed parameters will be investigated and decided in initial phase of WI:

· Number of RRHs per cell

· The distance between adjacent RRHs

· The distance between RRHs and railway track

· The number of SSB per RRH 

· Further study the channel model for FR2 HST

· HST single Tap channel and uni/bi-directional SFN channel shall be studied 

· Other channel model is not precluded 

· Note: whether to introduce single tap channel model and/or SFN channel model will be decided based on further study of channel model for FR2 HST

· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the Rel-15/16 NR design limitations for all UL/DL physical channels.

· The feasibility of supporting speeds of up to a maximum of 350km/h will be investigated. The actual maximum supported velocity in Rel-16 FR2 frequency bands will be decided in this WI.

· Specify the UE RF core requirements for power class 4 if identified 

· Introduction for beam correspondence requirements for PC4 if identified 

· Study and specify the UE RRM core requirements 

· Stage 1: Study and identify RRM requirements impacts and possible enhancement for 
· Idle/inactive mode cell reselection requirements enhancement 

· Connected mode requirements

· Handover delay requirement 

· Measurement requirements including both L1 and SSB based L3 measurement 

· Beam management requirements including beam failure detection, candidate beam detection performance requirements

· Other requirements if identified 

· Stage 2: Specify enhanced RRM requirements based on outcome of Stage 1




This contribution provides the preliminary analysis on RRM core requirements in FR2. 
2. Discussion
2.1. FR2 HST deployment scenario
The RRM requirements are highly dependent on deployment. In the last meeting, some general parameters are captured in [2].
	· RAN4 at least consider the following deployment scenario: 

Scenario
Ds (meter)
Dmin (meter)
1
800
10
2
650
10
3
500
10
4
300
50
5
200
30
· Ds and Dmin: Take the following 5 scenarios as basic assumption.

· Scenario 2 and 4 shall be considered with high priority. 

· Dmin for [5m, 20, 30 and 50 meters] if found to be necessary

· DRRH_height: 15m as basic assumption;

· [10,20m] if found to be necessary 

· DUE_height: 5m.


In NR FR1 HST, Ds=700m, Dmin=150m is considered as a typical configuration. In NR FR1, we consider the users with mobile phone inside train carriage. The penetration loss is about [12dB~29dB] depending on train body material. While in FR2 we focus on train-roof-mounted FR2 high-power devices. Although FR2 frequency is higher than FR1 frequency, the propagation distance (Ds) is not necessarily reduced compared with FR1 as the high frequency loss can be compensated by penetration loss. 
Dmin is the distance between RRH and railway track. Smaller Dmin will give beam management challenge to UE.  Smaller Dmin will result in smaller coverage for the beam beneath the RRH. The possible consequence is that the train moves through the beam without choosing the best Rx beam in time. Thus large Dmin is preferred from beam management perspective. 
In addition, the deployment with Ds=700m, Dmin=150m is practical deployment in realistic network. Re-building or adding new site will increase site selection and construction costs. From construction costs point of view, it is recommended to reuse the existing deployment as much as possible. Consequently Ds=700m, Dmin=150m shall be as an option in FR2 high speed scenario. 
Proposal 1: Ds=700m, Dmin=150m shall be as an option in FR2 high speed scenario.
2.2. RRM impacts
· L3 measurement
For cell identification and measurement period requirement in both idle mode and connected mode, the factor related with RX beam sweeping is scaled in FR2. In connected mode, for PC1, the scaling factor is M=40, and for PC2, 3 and 4, the scaling factor is M=24. The measurement period in FR2 is 3 times~5 times of that in FR1. Taking intra-frequency measurement as an example, the PSS/SSS detection and measurement period requirements are listed as below, assuming PC4, SMTC=20ms,no DRX, no other sharing, the time for identifying a cell is about 1s. UE moved about 100m with 350km/k velocity. 
Table 9.2.5.1-2: Time period for PSS/SSS detection, (Frequency range FR2)

	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Table 9.2.5.2-2: Measurement period for intra-frequency measurements without gaps (FR2)

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Whether UE can perform measurement in time depends on the specific parameter in high speed scenarios: Ds, bi-directional or unidirectional SFN, RRH number in one cell, beam number in one RRH, etc. L3 measurement focus on the cell edge. Based on the above calculation, the cell identification range between two cells shall be at least larger than 100m. As multiple beams are transmitted in each RRH or base station, beam#1 in neighbour cell shall be identified within 1s as shown in Figure 1. It is obvious that the cell identification range is smaller than the Ds. For the scenario with 200m Ds listed in [2], the current cell identification time is insufficient for UE.
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Figure 1. cell identification at cell edge

Observation 1: Existing L3 measurement requirements are not sufficient in certain high speed scenario in FR2.
Some possible solutions to enhance the measurement requirements in high speed scenario are listed as an starting point:
1. Search for appropriate parameters in different high speed scenario;

2. Reducing the sample number or sweeping number in measurement requirement;
3. Repetition SSB index in one SSB burst in order to speedup the RX sweeping.
· Handover delay 
The FR2 handover delay is defined as Dhandover + Tinterrupt where Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms. In high speed scenario, the common case is that target cell is known, as the railway track is fixed and ANR relation is remained in UE. For the known target cell, the handover delay is rough estimated as 82ms (assuming SMTC is 20ms). With 350km/h velocity, the moved distance is about 8m. Even for corner case, the target cell is changed to be unknown, the handover delay is approximate 562ms which corresponds to 55m. In realistic network deployment, the handover range can cover such distance.
Observation 2: The current FR2 handover delay can be applicable in high speed scenario.
· Timing
The UE shall be capable of changing the transmission timing according to the received downlink frame when the timing advance is not considered. In other words, the UE shall adjust the uplink transmission timing in order to follow the change of downlink frame timing has been detected. So the adjustment rate of uplink transmission timing shall follow the downlink timing change rate of the reference cell.

The downlink timing might change due to frequency error and UE movement.
-Time drift due to frequency error per 200ms is 20ns, assuming ±0.1 PPM frequency error
-Time drift due the UEs in motion

· A user moving at 350 km/h :

The equivalent speed of such a user, expressed in meter per second is:

V = 97.2 m/s

This can therefore be assimilated to a time drift of: 

T = V/ Light_celerity = 97.2 / 3E108 = 324 ns

The time drift per 200ms is 64.8ns.
The total time drift from UE side is calculated as below.

· A user moving at 350 km/h: 20ns+64.8ns=84.8ns

In baseband, the UE transmit signals is quantized in time domain and the sampling rate relies on uplink bandwidth. The UE in typical implementation will use lower sampling rate for smaller bandwidths. The time adjustment step in baseband shall be an integral number of sampling period. 
For FR2, the minimum UL bandwidth is 50MHz, the sample interval is 0.5Ts as shown in Table 1. As calculated above, the total timing drift is 84.8ns (≈ 2.61 Ts) per 200ms. Since the timing adjustment step length should not be less than 1 sampling interval, then the adjust step for 50MHz shall be equal to three-fold sample rate. Furthermore taking 1.5Ts DigRF error into account, the autonomous timing adjust step is shown in Table 1.
Table 1: Maximum autonomous timing adjustment step size for FR2
	Parameters
	Values

	SCS
	60KHz
	120 KHz

	Minimum Bandwidth of UL transmission
	50MHz
	50MHz

	Sample interval of UL transmission
	0.5Ts
	0.5Ts

	Time drift (350km/h)
	84.8ns=2.61Ts

	Adjust step length
	3Ts
	3Ts

	Adjust step length Tq (with 1.5Ts DigRF error)
	4.5Ts
	4.5Ts


Proposal 2: Autonomous timing adjust step Tq for FR2 in high speed scenario is 4.5Ts.
· Beam management
For FR2 beam management, UE shall find the best RX beam to match the transmit beam by RX beam sweeping. The SSB based and CSI-RS based L1-RSRP requirements are specified as below. Factor N=8 is scaled. 
Table 9.5.4.1-2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2

	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:
TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


Table 9.5.4.2-2: Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR2

	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N)*TDRX

	Note 1:
TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.

Note 2:
the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.


In high speed FR2 scenario, the duration UE dwells in one beam is critical. The SSB index to the beams mapping in bi-directional SFN scenario was discussed in [3]. As we know, the beam close to beneath RRH has small coverage. High speed train can pass through quickly. Thus it is beneficial to share the same SSB index for the different panel in one RRH (e.g., beam #2 as shown in Figure 2) in SFN scenario. In addition, this deployment can reduce the times of beam switching.
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Figure 2. SSB index to beams mapping in bi-directional SFN
Observation 3: It is beneficial to share the same SSB index for the different panel in one RRH in bidirectional SFN scenario
Another key issue is whether the chosen Rx beam is still valid after Rx sweeping. Taking a pessimistic example, DRX=320ms is assumed, L1-RSRP measurement period is 3.84s. UE has moved about 373m. Even if the beam coverage can cover 373m, the selected best RX beam is already invalid. 

Observation 4: The time validity of selection the best RX beam shall be considered in beam management in high speed scenario.

· TCI state switching
With proper network planning, the typical scenario is that UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command. Then the target TCI state is known. The existing TCI state switching delay includes the processing time and time for fine-timing. The total duration can be applicable for high speed scenario. However if the target TCI state is unknown, L1-RSRP measurement procedure will be performed. The issues discussed in beam management will happen. So in high speed FR2, it is recommended that only known target TCI is considered.
Proposal 3: It is recommended that only known target TCI is considered in high speed FR2.
3. Conclusion
This contribution provides the preliminary analysis on RRM core requirements in FR2. Below we summarize our proposals and observations:

Proposal 1: Ds=700m, Dmin=150m shall be as an option in FR2 high speed scenario.
Observation 1: Existing L3 measurement requirements are not sufficient in certain high speed scenario in FR2.
Observation 2: The current FR2 handover delay can be applicable in high speed scenario.

Proposal 2: Autonomous timing adjust step Tq for FR2 in high speed scenario is 4.5Ts.

Observation 3: It is beneficial to share the same SSB index for the different panel in one RRH in bidirectional SFN scenario

Observation 4: The time validity of selection the best RX beam shall be considered in beam management in high speed scenario.

Proposal 3: It is recommended that only known target TCI is considered in high speed FR2.
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