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1   Background
During RAN4#92 meeting, RRM core requirements are agreed for Rel-16 HST enhancement. In this contribution, we present our views on corresponding Rel-16 HST RRM test configurations.
2   Discussion
2.1   Additional RRM tests to be added

In Rel-16, a few RRM requirements are agreed to be enhanced for higher speed or carrier aggregation, including (1) Pcell idle mode measurement requirement for 500km/h train speed (2) Pcell connected mode measurement requirement for 500km/h train speed (3) Scell active and deactivated mode measurement requirement for 350km/h train speed. Therefore, RRM tests for Pcell idle and connected mode with 500km/h train speed, and Scell with 350km/h train speed need to be added. 

The relevant parameters and configurations for the tests to be added are analyzed and listed below:
· Propagation condition: following Rel-14 test propagation condition with Doppler change in Rel-16, we propose

· AWGN and AWGN 1944Hz for Pcell tests

· AWGN and AWGN 1750Hz for Scell tests

· Pcell idle mode measurement requirement for 500km/h train speed
Test should be defined for worst case, i.e., DRx cycle = 1.28s. The cell re-selection delay to a newly detectable cell can be expressed as: Tdetect,EUTRAN_Intra + TSI-EUTRA, and to an already detected cell can be expressed as: Tevaluate, E-UTRAN_ intra + TSI-EUTRA. From core requirement agreement,

· Newly detectable reselection delay = 1.28s * 7 + 1.28 = 10.24s => 11s

· Already detected cell is the same as Rel-14, 6s
· Pcell connected mode measurement requirement for 500km/h train speed
The only requirement that is changed is DRx cycle = 1.28s, hence the test should have DRx cycle = 1.28s. Test requirement of event triggered reporting should be changed from 12800ms delay to 10240ms delay, all the other test setting/parameter can follow Rel-14.
· Scell deactivated mode measurement requirement for 350km/h train speed

· meascycleScell = 160ms since frequent report in HST is desired
· Event A6 report delay requirement becomes 10*meascycleScell = 1.6s
· Event A2 report delay requirement for Scell becomes 3*meascycleScell = 480ms
	Test to be added
	Relevant configurations/requirements
	Proposed values

	Pcell idle mode test
	Newly detectable reselection delay
	11s

	
	Propagation condition
	AWGN/AWGN 1944Hz

	Pcell connected mode test
	Event triggered reporting delay
	10.24s

	
	Propagation condition
	AWGN/AWGN 1944Hz

	Scell deactivated mode test
	meascycleScell
	160ms

	
	Propagation condition
	AWGN/AWGN 1750Hz

	
	Event A6 report delay 
	1.6s

	
	Event A2 report delay 
	480ms


Table 2‑1 Summary of relevant configuration and parameters
Proposal 1: Add RRM tests for Pcell idle and connected mode with 500km/h train speed, and Scell with 350km/h train speed, with parameters and configuration listed in Table 2‑1.
2.2   RSRP in RRM test configurations
Note that under high Doppler conditions, RSRP accuracy requirement is more relaxed than RSRP accuracy requirement under low/no Doppler conditions, since the faster channel variation in time can degrade the measurement filter performance and less measurement accuracy can be achieved. 
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 2
	dBm/BWChannel
	dBm/BWChannel

	(4.5
	(9
	(-6 dB
	FDD_A, TDD_A
	-121
	N/A
	-70

	
	
	
	FDD_B1, FDD_B2
	-120.5
	N/A
	-70

	
	
	
	FDD_C, TDD_C
	-120
	N/A
	-70

	
	
	
	FDD_D
	-119.5
	N/A
	-70

	
	
	
	FDD_E, TDD_E
	-119
	N/A
	-70

	
	
	
	FDD_F
	-118.5
	N/A
	-70

	
	
	
	FDD_G
	-118
	N/A
	-70

	
	
	
	FDD_H
	-117.5
	N/A
	-70

	
	
	
	FDD_N
	-114.5
	N/A
	-70

	(8
	(11
	(-6 dB
	FDD_A, TDD_A, FDD_B1, FDD_B2, FDD_C, TDD_C, FDD_D, FDD_E, TDD_E, FDD_F, FDD_G, FDD_H, FDD_N
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.

	Table 2‑2 RSRP Intra frequency absolute accuracy (low Doppler)

Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot Note 2
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 5
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 4
	dBm/BWChannel

	(2
	(3
	(-3 dB
	FDD_A, TDD_A
	-121
	-50

	
	
	
	FDD_B1, FDD_B2
	-120.5
	-50

	
	
	
	FDD_C, TDD_C
	-120
	-50

	
	
	
	FDD_D
	-119.5
	-50

	
	
	
	FDD_E, TDD_E
	-119
	-50

	
	
	
	FDD_F
	-118.5
	-50

	
	
	
	FDD_G
	-118
	-50

	
	
	
	FDD_H
	-117.5
	-50

	
	
	
	FDD_N
	-114.5
	-50

	(3
	(3
	(-6 dB
	Note 3
	Note 3
	Note 3

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.

NOTE 3:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 4:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 5:
E-UTRA operating band groups are as defined in Section 3.5.


Table 2‑3 RSRP Intra frequency relative accuracy (low Doppler)

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 3
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 2
	dBm/BWChannel
	dBm/BWChannel

	(6
	(10.5
	(-6 dB
	FDD_A, TDD_A
	-121
	N/A
	-70

	
	
	
	FDD_B1, FDD_B2
	-120.5
	N/A
	-70

	
	
	
	FDD_C, TDD_C
	-120
	N/A
	-70

	
	
	
	FDD_D
	-119.5
	N/A
	-70

	
	
	
	FDD_E, TDD_E
	-119
	N/A
	-70

	
	
	
	FDD_F
	-118.5
	N/A
	-70

	
	
	
	FDD_G
	-118
	N/A
	-70

	
	
	
	FDD_H
	-117.5
	N/A
	-70

	
	
	
	FDD_N
	-114.5
	N/A
	-70

	(9.5
	(12.5
	(-6 dB
	FDD_A, TDD_A, FDD_B1, FDD_C, TDD_C, FDD_D, FDD_E, TDD_E, FDD_F, FDD_G, FDD_H, FDD_N
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 3:
E-UTRA operating band groups are as defined in Section 3.5.


Table 2‑4 RSRP Intra frequency absolute accuracy (high Doppler)

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot Note 2
	Io Note 1 range

	
	
	
	E-UTRA operating band groups Note 5
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 4
	dBm/BWChannel

	(3.3
	(4.3
	(-3 dB
	FDD_A, TDD_A
	-121
	-50

	
	
	
	FDD_B1, FDD_B2
	-120.5
	-50

	
	
	
	FDD_C, TDD_C
	-120
	-50

	
	
	
	FDD_D
	-119.5
	-50

	
	
	
	FDD_E, TDD_E
	-119
	-50

	
	
	
	FDD_F
	-118.5
	-50

	
	
	
	FDD_G
	-118
	-50

	
	
	
	FDD_H
	-117.5
	-50

	
	
	
	FDD_N
	-114.5
	-50

	(4.3
	(4.3
	(-6 dB
	Note 3
	Note 3
	Note 3

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.

NOTE 3:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding highest accuracy requirement.

NOTE 4:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.

NOTE 5:
E-UTRA operating band groups are as defined in Section 3.5.


Table 2‑5 RSRP Intra frequency relative accuracy (high Doppler)
Observation 1: RSRP accuracy requirement tolerance region is wider under high Doppler condition.
Therefore, RSRP accuracy difference needs to be taken into consideration when designing the RRM tests for HST. The RSRP difference between different cells in reselection/event reporting tests should be large enough to accommodate the RSRP measurement uncertainty according to RSRP accuracy requirement.
Proposal 2: RSRP accuracy requirement needs to be taken into account when designing RSRP levels in measurement tests for HST.

3   Conclusion
Proposal 1: Add RRM tests for Pcell idle and connected mode with 500km/h train speed, and Scell with 350km/h train speed, with parameters and configuration listed in Table 2‑1.

Observation 1: RSRP accuracy requirement tolerance region is wider under high Doppler condition.
Proposal 2: RSRP accuracy requirement needs to be taken into account when designing RSRP levels in measurement tests for HST.

