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1. Introduction

In RAN4#98e meeting, the discussion on NR support for high speed train scenario in FR2 was carried out. A WF captured the progress was approved in [1]. 
This contribution continues to provide the analysis on RRM core requirements in FR2 HST. 
2. Discussion
· Rx Scaling factor N

For uni-directional and bi-directional scenario A, it is agreed that 1 beam per RRH panel and 1 beam per UE panel [2]. This conclusion are drawn in deployment scenario session, mainly focus on demodulation performance. From RRM measurement point of view, RRM more cares about detecting and tracking candidate beam in time. Herein we think some aspects need to be further discussed and clarified. 
We’d like to understanding 1 beam is coarse beam or fine beam. If this is coarse beam it can cover wider angles. However the beam reception gain is low.
If this is fine beam, the beam gain is relatively larger. The accompany question is whether the fine beam can cover the candidate beam to be searched.
· Scenario A focus on Dmin=10m. In reality network deployment, Dmin can NOT be absolutely equal to 10m. If the Dmin is large or small than 10m, the direction of arrival beam will be various. We are not sure whether one RX beam can work and whether the performance can be guaranteed.
· Scenario A assumes the railway track is completely straight. However in practical network, the train needs to swerve in the track. In the curve, if UE only has one beam, is the candidate target TRP in the UE reception range? Especially the Dmin is very small in scenario A. The small curve in railway track may result in large beam direction change.
Based on these concern, we think whether the conclusion of number of RX beams which is made in the “FR2 HST Deployment” agenda can be reused in RRM needs more discussion.

Proposal 1: Some aspects need to be further discussed and clarified on the number of RX beams which is made in the “FR2 HST Deployment” agenda.
· L3 measurement
For uni-directional scenario A, it is agreed that 1 beam per RRH panel and 1 beam per UE panel. In addition a potential handover issue identified in [2], that is UE half cone coverage of antenna arrays on one panel is between 0 to 60 degrees on azimuthal plane, which might lead to coverage hole from RRH beams when UE is passing the RRH. The candidate solutions are under discussion in deployment scenario session, and the deployment maybe need to revisit. In the current situation the handover range can not be decided. For bi-directional scenario A, it is agreed that 1 beam per RRH panel and 1 beam per UE panel. The candidate schemes (e.g., connecting to 2nd-nearest RRH and connecting to nearest RRH) are under discussion.
For uni-directional and bi-directional scenario B, the beam number per RRH and per UE panel are still FFS. 

From measurement perspective, whether the exiting requirements are appropriate for HST highly depend on deployment, RX beam scaling factor and DRX/SMTC configuration. Based on the current situation, the handover range, beam dwell time and RX beam scaling number can not be determined, the L1/L3 measurement requirements discussion can wait for the conclusion of deployment scenario discussion.
Proposal 2: L1/L3 measurement requirements enhancement can wait for the conclusion of deployment scenario discussion.
· Tq Timing adjustment
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.
Then the total time drift from UE side with 350km/h speed is calculated as below.

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 3: Autonomous timing adjust step Tq for FR2 in high speed scenario is 4.5Ts.
· TCI state switching
As the moving trajectory is fixed in high speed train scenario, the target beam is the approaching beam.

TCI state switching is closely related with beam management. If the L1-RSRP measurement of target beam is reported before network indicates the beam to UE, this is the known case, then the TCI state switching delay is THARQ + [image: image2.png]gNIoirEmed



+ TOk*(Tfirst-SSB + TSSB-proc) / NR slot length.  Even the target TCI is not in the active TCI state, the total TCI state switching time is not large. Through coarse calculation, the existing TCI switching delay for known case can be reused in FR2 HST. The key factor is whether L1 measurement can be reported.
Proposal 4: If the overlapping area between serving beam and target beam is appropriate, the L1-RSRP measurement can be reported in time. The existing TCI switching delay in known case can be reused in FR2 HST.
· HST FR2 signalling
The network signalling and UE capability were discussed in last RAN4 meeting in [1].
	Way Forward on HST FR2 signalling: 
· HST FR2 network deployment flag:
· Option 1: Add flag to enable the UE to differentiate between the HST and non-HST scenarios
· Option 2: HST FR2 CPE is a special dedicated device, flag is not needed
· The companies are encouraged to disclose their views on these options and
· FFS: what special requirements or special behavior needs to be indicated to the CPE.
· HST FR2 uni-/bi-directional mode flag:
· Continue the discussion after the deployments are fixed between the following options:
· Option 1: Network informs UE whether it operates in bi-directional mode in high-speed in FR2 by corresponding flag.

· Option 2: Such a flag is not needed.

· UE support for HST FR2:
· Continue the discussion after the presence of other non-HST UEs in the network is clarified between the following options:
· Option 1: The UE should inform network that it supports HST FR2 (UE capability is needed)

· Option 2: Only roof-mounted CPE is considered that should always have a capability to work in HST FR2 scenario

· UE support for bi-directional operation:
· Continue the discussion after the deployments are fixed

· FFS: does CPE support bi-directional mode mandatorily based on the deployment agreements.

· FFS: a need of network signalling of DL Tx beam switching pattern and detectable DL Tx beams from the neighbouring cells.



Regarding the network signalling, in R16 FR1 HST, the dedicated flags for demodulation enhancement and RRM enhancement are specified. The demodulation flag is for advanced receiver, and the RRM flag is for fast measurement. In R17 FR2 HST, if there are different requirements or special behaviour for UE, network can indicate corresponding flags to inform UE. At the current stage, it is premature to define the signalling.
Proposal 5: The network indicated signalling can be decided after the requirements are clear.

Regarding the UE capability, the FR2 HST WI focus on roof-mounted CPE. The roof-mounted CPE is a dedicated device. Moreover FR2 HST deployment is a dedicated network. Consequently CPE shall always support to work in FR2 HST. It is no need to define such UE capability.
Proposal 6: CPE shall always support to work in FR2 HST and no UE capability is needed.

3. Conclusion
This contribution provides the analysis on RRM core requirements in FR2. Below we summarize our proposals:

Proposal 1: Some aspects need to be further discussed and clarified on the number of RX beams which is made in the “FR2 HST Deployment” agenda.

Proposal 2: L1/L3 measurement requirements enhancement can wait for the conclusion of deployment scenario discussion.
Proposal 3: Autonomous timing adjust step Tq for FR2 in high speed scenario is 4.5Ts.

Proposal 4: If the overlapping area between serving beam and target beam is appropriate, the L1-RSRP measurement can be reported in time. The existing TCI switching delay in known case can be reused in FR2 HST.
Proposal 5: The network indicated signalling can be decided after the requirements are clear.
Proposal 6: CPE shall always support to work in FR2 HST and no UE capability is needed.
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