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1   Background
During RAN4#92 meeting, whether changes are needed for RLM requirements in Rel-16 HST were discussed. In this contribution, we present our analysis and simulation results.
2   Discussion
2.1   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 1: PDCCH BLER are very close for high speed channels and low speed channels, the differences are within 1dB for BLER>=1%.
	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 2‑1 RLM test configuration
In-sync PDCCH
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PDCCH BLER in HST-SFN 1Tx

HSTSFN_SPEED_KMH =28
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PDCCH BLER in HST-SFN 2Tx

HSTSFN_SPEED_KMH =28

HSTSFN_SPEED_KMH =350

HSTSFN_SPEED_KMH =388
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PDCCH BLER in EVA channel 1Tx

Fd =70

Fd =875

Fd =972
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PDCCH BLER in EVA channel 2Tx

Fd =70

Fd =875

Fd =972




Out-of-sync PDCCH
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PDCCH BLER in HST-SFN,1Tx
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PDCCH BLER in HST-SFN,2Tx
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PDCCH BLER in EVA,1Tx
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PDCCH BLER in EVA,2Tx

Fd =70
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To verify the in sync and out of sync SNR points has large enough separation under HST channels, we use the following TPR from 36.133 RLM requirement together with configurations in Table 2‑1 to run more simulations and derive the in sync and out of sync SNR points.

	Out of sync: ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	In sync: ratio of PDCCH RE energy to average RS RE energy
	0 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.

-3 dB; when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.


Table 2‑2 TPR setting
We get the following results. We can observe that the differences between in sync and out of sync SNRs are all above 4.5dB, hence from test perspective, no change is needed.
	HST single tap 2Tx
	HST single tap 1Tx

	 
	70
	875
	972
	 
	70
	875
	972

	in sync
	-7.0429
	-7.03607
	-7.10217
	in sync
	-6.57203
	-6.4381
	-6.48027

	out of sync
	-12.2821
	-12.2676
	-12.262
	out of sync
	-12.0714
	-12.0638
	-12.0624

	difference
	5.239194
	5.231573
	5.159874
	difference
	5.499373
	5.625663
	5.582117

	EVA972 2Tx
	EVA972 1Tx

	 
	70
	875
	972
	 
	70
	875
	972

	in sync
	-4.7731
	-4.36531
	-4.29151
	in sync
	-3.53382
	-3.10484
	-3.10497

	out of sync
	-9.37931
	-9.29461
	-9.26891
	out of sync
	-8.40098
	-8.15411
	-8.01099

	difference
	4.606206
	4.929292
	4.977395
	difference
	4.867161
	5.049275
	4.906017

	HST-SFN 2Tx
	HST-SFN 1Tx

	 
	70
	875
	972
	 
	70
	875
	972

	in sync
	-7.02238
	-5.2987
	-5.25461
	in sync
	-6.51251
	-5.06872
	-5.07796

	out of sync
	-12.1978
	-10.4444
	-10.4309
	out of sync
	-11.9641
	-10.1009
	-10.0879

	difference
	5.17539
	5.145743
	5.176282
	difference
	5.451564
	5.032226
	5.009937


Observation 2: SNR gaps between in sync and out of sync are sufficiently large for HST channels in RLM test defined in 36.133.

Proposal 1: With Doppler shift limit of 972Hz, RLM requirements/signaling remain the same as non-HST case.
3   Conclusion
Observation 1: PDCCH BLER are very close for high speed channels and low speed channels, the differences are within 1dB for BLER>=1%.
Observation 2: SNR gaps between in sync and out of sync are sufficiently large for HST channels in RLM test defined in 36.133.
Proposal 1: With Doppler shift limit of 972Hz, RLM requirements/signaling remain the same as non-HST case.


