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1. Introduction

In the last meeting, there is discussion on RRM requirements for FR2 HST and a WF was approved [1]. This contribution provides discussion on this topic.

2. Discussion 
2.1 Tq 
Whether need to enhance Tq and how to perform the enhancement depends on the target velocity for FR2 HST, while the target velocity is still under discussion. We firstly analyze the supported maximum velocity if keep current Tq unchanged.

In TS38.133, Tq maximum autonomous time adjustment step and Tp minimum aggregate adjustment rate are specified, which is duplicated as following:

Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate

	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE:
Tc is the basic timing unit defined in TS 38.211 [6]


The adjustment of UE transmission timing is related with the change of downlink frame timing. The change of downlink timing depends on UE movement and frequency error.

According to Table 7.1.2.1-1, currently, Tq for FR2 is 2.5Ts. Considering RF error of 1.5Ts, the allowed timing drift due to UE movement and frequency error is about 1Ts, which is about 32.55ns (Ts equals to 1/30720000 second). According to TS 38.101-2, the frequency error is +-0.1PPM. The timing drift due to frequency error per 200ms is 20ns. The allowed timing drift due to UE movement is about 12.55ns per 200ms, which results in the velocity of about 60km/h.

Observation 1: if Tq is kept as 2.5Ts unchanged, the maximum supported velocity is 60km/h.
Based on the discussion in last meeting, one option suggests that Tq for FR2 in high speed train scenario is 4.5Ts. Based on similar analysis as above, assuming RF error of 1.5Ts and frequency error of is +-0.1PPM, the allowed velocity is about 400km/h.
Observation 2: if Tq is updated to 4.5Ts for FR2 in high speed train scenario, the maximum supported velocity is 400km/h.
Based on observation 1, it is necessary to enhance the existing Tq requirements to support high speed train scenario. But how to perform the enhancement, it depends on the target velocity. As observed in observation 2, if Tq is enhanced to 4.5Ts, the supported velocity is 400km/h. According to the discussion in last meeting, for the evaluation of maximum speed, 260km/h and 350km/h are under discussion [2], both are smaller than 400km/h. If the target velocity is smaller than 400km/h, Tq of 4.5Ts is OK.
Proposal 1: it is necessary to enhance the existing Tq requirements to support high speed train scenario. But how to perform the enhancement of Tq, it is related with the target velocity. If the target velocity is smaller than 400km/h, Tq of 4.5Ts is OK.
2.2 idle/inactive mode requirements

For idle/inactive mode requirements, one discuss point is whether to preclude idle/inactive modes. Some companies suggest to preclude idle/inactive modes for FR2 HST since train-mounted CPE is considered and power saving is not critical. We understand this consideration, but we do not think we can preclude idle/inactive modes considering that it is still possible. e.g. connection failure.   

Proposal 2: it is not preferred to preclude idle/inactive mode for FR2 HST.

The other issue is whether to reuse existing Rel-16 requirements for FR2 HST or to perform enhancement. In our view, if the existing Rel-16 requirements cannot meet the demand of high speed train, it is better to perform enhancement to guarantee the mobility performance.

Both velocity and deployment scenario, e.g. inter-site distance, have impact on the RRM performance. In the last RAN4 meeting, there is discussion on the deployment scenario, and two scenarios are prioritized [2], which is duplicated in Table 1.

Table 1 deployment scenario 
	Scenario
	Ds (meter)
	Dmin (meter)

	A
	700
	10

	B
	700
	150


For both scenarios, the inter-site distance is 700m. The velocity under discussion is 260km/h and 350km/h. To evaluate whether the RRM requirements need to be enhanced, velocity of 250 km/h will be taken as an example.
Table 2 is current cell re-selection requirements. For FR2, the detailed cell re-selection requirements are related with power class. The power class for FR2 HST is not decided yet, and PC4 or new power class are under discussion. From discussion point of view, PC4 is used as an example. 

For PC4, taking the shortest DRX cycle length of 0.32s as an example, the shortest detection delay is 11.52s *3 = 34.56s with M2=1 if SMTC <= 20ms. With velocity of 250km/h, UE moves about 2400m, which is not suitable for the Ds of 700m. In this analysis, 250km/h is assumed. For the higher speed, e.g. 260km/h or 350km/h, the performance can be worse. It is necessary to perform enhancement for the cell-reselection requirements.
Table 2 cell re-selection requirements for intra-frequency NR cells (section 4.2.2.3, TS38.133)

	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	5
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
Note 2:
M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms; otherwise M2=1.


Observation 3: current cell-re-selection requirements for FR2 are not suitable for the high speed train scenario.

Proposal 3: in order to guarantee the system performance, it is preferred to perform enhancement on the cell-reselection requirements to support FR2 HST.

As for the enhanced solution, considering that inter-site distance for FR2 is same as that of FR1. The enhancement introduced in Rel-16 HST WI can be used as baseline. Since the target velocity is still under discussion, the final enhancement can be further discussed based on the target velocity. Another consideration is that the delay requirements in FR2 may be longer than that in FR1 due to RX beam sweeping. There may be the situation that even with enhancement, the delay requirements for some long DRX cycle maybe not satisfy the demand. For this issue, we can consider to set an upper bound of DRX cycle to apply the enhancement.
Proposal 4: as for the enhanced solution for cell-reselection requirements, the enhancement introduced in Rel-16 HST WI, e.g. the number of samples, can be used as baseline to specify cell re-selection requirements for FR2 HST. Furthermore, we can consider to set an upper bound of DRX cycle to apply the enhancement. For the DRX cycle smaller than or equal to the upper bound, enhancement is applied. For the DRX cycle larger than the upper bound, enhancement is not considered and existing R16 requirements are applied. 

2.3 RRC connected mode with DRX

For RRC connected mode with DRX, following options are under discussion:
· Option 1: Do not define enhanced requirements for the case DRX is configured

· Option 1A: Legacy NR R16 requirements (non-HST) will apply for the case DRX is configured

· Option 1B: No RRM requirements will be defined for the case DRX is configured

· Option 2: Define requirements for the short DRX configurations (e.g. up to 80ms).

Firstly, whether to configure DRX is network implementation, it is not preferred to have restriction on network configuration, for example, it is not preferred to have the restriction that DRX cannot be configured in connected mode for FR2 HST. Secondly, if DRX is in use, it is preferred to perform enhancement on RRM requirements in order to support high speed. As for how to specify the enhancement, it is related with the target velocity which is under discussion. For some long DRX cycles, even if with enhancement, the performance may not be guaranteed due to high speed. For this case, we can consider not to perform enhancement. But for the shorter DRX, it is necessary to specify the enhancement. And the upper bound of DRX cycle to perform enhancement can be decided based on the target velocity.
Proposal 5: whether to configure DRX and how to configure DRX in connected mode is network implementation, it is not preferred to have restriction on network configuration.
Proposal 6: in order to guarantee the performance in high speed train scenario, it is preferred to specify enhancement for RRC connected mode with DRX. And based on the target velocity, we can determine the upper bound of DRX cycle to apply the enhancement. For the DRX cycle smaller than or equal to the upper bound, enhancement is applied. For the DRX cycle larger than the upper bound, enhancement is not considered and existing R16 requirements are applied.

3. Conclusion
This contribution provides discussion on RRM impacts for FR2 HST. And the observations and proposals are:
Tq
Observation 1: if Tq is kept as 2.5Ts unchanged, the maximum supported velocity is 60km/h.
Observation 2: if Tq is updated to 4.5Ts for FR2 in high speed train scenario, the maximum supported velocity is 400km/h.
Proposal 1: it is necessary to enhance the existing Tq requirements to support high speed train scenario. But how to perform the enhancement of Tq, it is related with the target velocity. If the target velocity is smaller than 400km/h, Tq of 4.5Ts is OK.
Idle mode

Proposal 2: it is not preferred to preclude idle/inactive mode for FR2 HST.
Observation 3: current cell-re-selection requirements for FR2 are not suitable for the high speed train scenario.
Proposal 3: in order to guarantee the system performance, it is preferred to perform enhancement on the cell-reselection requirements to support FR2 HST.

Proposal 4: as for the enhanced solution for cell-reselection requirements, the enhancement introduced in Rel-16 HST WI, e.g. the number of samples, can be used as baseline to specify cell re-selection requirements for FR2 HST. Furthermore, based on the target velocity, we can consider to set an upper bound of DRX cycle to apply the enhancement. For the DRX cycle smaller than or equal to the upper bound, enhancement is applied. For the DRX cycle larger than the upper bound, enhancement is not considered and existing R16 requirements are applied. 
Connected mode
Proposal 5: whether to configure DRX and how to configure DRX in connected mode is network implementation, it is not preferred to have restriction on network configuration.
Proposal 6: in order to guarantee the performance in high speed train scenario, it is preferred to specify enhancement for RRC connected mode with DRX. And based on the target velocity, we can determine the upper bound of DRX cycle to apply the enhancement. For the DRX cycle smaller than or equal to the upper bound, enhancement is applied. For the DRX cycle larger than the upper bound, enhancement is not considered and existing R16 requirements are applied.
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