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1   Background
During RAN4#91 meeting, several enhanced RRM requirements were discussed and a WF was agreed [1]. In this contribution, we discuss the required enhancement for carrier aggregation and increased train speed based on theoretical analysis and our simulation results.
2   Discussion
2.1   Pcell Identification/Measurement Enhancement
Pcell identification for idle mode
We use the free space propagation model to derive T_detect in idle mode. In free space propagation model, received signal power is proportional to inverse of square of distance. Assume a simple two cell model without additional noise and interference, a target cell can be successfully detected if RSRPtarget> RSRPsource-6dB . Let the distance between source cell and train be d0 when the detectability condition is first satisfied, inter-cell distance be ISD. We then have
-20log(d0)+20log(ISD-d0) = 6

To simplify the analysis, here we assume the cell distance to track is negligible compared to ISD. Let the hysteresis to source cell in A3 handover event to be 3dB, that is, handover is performed when if RSRPtarget> RSRPsource+3dB. Let the distance between source cell and train be d1 when the handover condition is first satisfied. We have
-20log(d1)+20log(ISD-d1) = -3

UE needs to detect the target cell before handover, i.e., the distance UE travels in T_detect is smaller than d1- d0. From the above equations we can derive 

d1- d0 = 0.25*ISD (1)
We can conclude that for a successful handover, the maximum distance UE can travel in T_detect is proportional ISD. 
Observation 1: To ensure successful handover in idle mode, the maximum distance UE can travel in T_detect is proportional to ISD and can be derived by (1).

If we assume the same cell deployment in 500km/h and in 350km/h scenario, T_detect is scaled down by 0.7 if we increase train speed from 350km/h to 500km/h. Hence for the longest DRX cycle of interest, 1.28s, we propose to enhance the measurement requirement from 10 cycles to 7 cycles. For 0.64s and 0.32s case, we propose to enhance the measurement requirement from 10 cycles to 8 cycles, which can support ISD >= 3000m and ISD >= 1500m, respectively, according to above analysis. Note that we included a 5% margin for the two ISD numbers. These are reasonable ISD numbers for HST deployment. Our proposal is summarized in the following:
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra [s] (number of DRX cycles)

	0.32
	2.56 (8)
	0.32(1)
	0.96(3)

	0.64
	5.12 (8)
	0.64 (1)
	1.96(3)

	1.28
	8.96(7)
	1.28 (1)
	3.84 (3)

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


Table 2‑1 Pcell idle mode measurement requirements
Proposal 1: Pcell idle mode measurement requirements follow Table 2‑1.

Pcell identification for connected mode
Note that in idle mode, UE relies on its own measurement to perform cell reselection. On the other hand, in connected mode, handover is assisted and managed by base station, hence cell identification time requirement, T_identify, can be looser than idle mode detection time, T_detect. Therefore, Rel-14 requirement for cell identification time can apply to train speed = 500km/h, no enhancement is needed.
Observation 2: Cell identification time in connected mode can be looser than cell detection time in idle mode.
Proposal 2: No enhancement is needed for cell identification/measurement requirement in connected mode.
2.2   Activated Scell Measurement Requirement

Activated Scell identification/measurement requirement should follow Pcell identification/measurement requirement in connected mode under the same mobility condition. Therefore, Rel 14 Pcell identification/measurement requirement for train speed 350km/h can be applied to activated Scell with train speed 350km/h.

Observation 3: Activated Scell identification/measurement requirement should be the same as Pcell identification/measurement requirement in connected mode under the same mobility condition.

Proposal 3: Rel 14 Pcell identification/measurement requirement for train speed 350km/h can be applied to activated Scell with train speed 350km/h.
2.3   Scell Activation Delay Requirement
Scell activation delay includes MAC CE decoding, interruption due to possible RF switching, DL loops warm up, UE processing delay and CSI computation. Most of the delay is not related to availability of DL subframe, UE processing delay and CSI computation are the major contributors for the legacy delay requirement. Even if we assume no MBSFN presented, the higher Doppler spread UE experienced in HST may slow down the loop convergence due to larger channel gain variation across time domain. For TDD, we still have the same DL reference signal density without MBSFN. In fact, MBSFN is not prohibited under HST scenario, although we rarely see the deployment in current network, in the future we probably can see such deployment due to multimedia demand in on-train entertainment. To sum up, UE may have slower loop gain convergence in HST, and there is no reduction we can get in TDD even without MBSFN, we propose not to reduce Scell activation delay requirement.
Observation 4: Higher train speed can result in larger channel gain variation across time and slower loop convergence.

Proposal 4: Scell activation delay requirement remains the same as non-HST case.

2.4   Radio Link Monitoring
In RAN4#91, maximum Doppler shift limit of 972Hz, aligning to demod assumption, is agreed for RLM performance evaluation [1]. We use the parameters shown in the following table for our simulations. We found that the SNR points achieving 1% PDCCH BLER in high speed channels (HST875, HST972, EVA875, EVA972) are very close to those in low speed channels (HST70, EVA70), maximum difference is less than 1dB for both out-of-sync and in-sync cases. In fact, entire curves above 1% BLER are all quite close between high and low speed channel results. Therefore, no additional signaling in HST is needed.
Observation 5: PDCCH BLER are very close for high speed channels and low speed channels, the differences are within 1dB for BLER>=1%.
Proposal 5: With Doppler shift limit of 972Hz, RLM requirements/signaling remain the same as non-HST case.
	Parameters
	Out-of-synch
	In-synch

	DCI formats
	1A
	1C

	Channel BW
	10MHz
	10MHz

	Aggregation level
	AL8
	AL4

	Antenna configuration
	1x2, 2x2

	Propagation channel
	HST70, HST875, HST972

EVA70, EVA875, EVA972


Table 2‑2 RLM test configuration
In-sync PDCCH
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Out-of-sync PDCCH
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3   Conclusion
Observation 1: To ensure successful handover in idle mode, the maximum distance UE can travel in T_detect is proportional to ISD and can be derived by (1).

Proposal 1: Pcell idle mode measurement requirements follow Table 2‑1.
Observation 2: Cell identification time in connected mode can be looser than cell detection time in idle mode.
Proposal 2: No enhancement is needed for cell identification/measurement requirement in connected mode.
Observation 3: Activated Scell identification/measurement requirement should be the same as Pcell identification/measurement requirement in connected mode under the same mobility condition.

Proposal 3: Rel 14 Pcell identification/measurement requirement for train speed 350km/h can be applied to activated Scell with train speed 350km/h.
Observation 4: Higher train speed can result in larger channel gain variation across time and slower loop convergence.

Proposal 4: Scell activation delay requirement remains the same as non-HST case.

Observation 5: PDCCH BLER are very close for high speed channels and low speed channels, the differences are within 1dB for BLER>=1%.
Proposal 5: With Doppler shift limit of 972Hz, RLM requirements/signaling remain the same as non-HST case.
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