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Introduction
In RAN4 meeting #90, the WF [1] on the WI of enhancement for LTE in high speed scenario is approved. The RRM related requirements for RAN4 in this WI are listed as follows:
	· Enhanced intra-frequency cell identification and measurement period are defined for SCC 
· Using the existing highSpeedEnhancedMeasFlag or introducing new IE is FFS
· How to define the UE capability for enhanced intrafrequency cell identification and measurement period for SCC is FFS
· Note: it is expected to send LS to RAN2 in next meeting (RAN4#90bis)
· RAN4 RRM shall focus on the following requirement impacts for HST feature:
· Cell reselection requirements in idle mode
· Measurement requirements in connected mode (single carrier)
· DRX
· Non-DRX
· Measurement requirements of SCC with both active Scells and deactivated SCells 
· RLM
· Measurement accuracy
· FFS: UE Tx timing, i.e., Tq



This contributions provides analysis on the potential enhancement for radio link monitoring (RLM).
RLM in high speed scenario
In LTE, the radio link monitoring requirement for UE specified in TS 36.133 section 7.6 is decript as follows:
	7.6	Radio Link Monitoring
[bookmark: _Toc383690761]7.6.1	Introduction
The UE shall meet the radio link monitoring requirements specified for PSCell in section 7.6 provided that the UE is configured with the parameters T313, N313 and N314 defined in [2].
The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the PCell and PSCell as specified in [3].
The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the PCell and PSCell.
The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1.
The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2.
Table 7.6.1-1 PDCCH/PCFICH transmission parameters for out-of-sync
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols

	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  10 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz
8; Bandwidth  3 MHz

	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.

	Ratio of PCFICH 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.

	Note 1:	DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.



Table 7.6.1-2 PDCCH/PCFICH transmission parameters for in-sync
	Attribute
	Value

	DCI format
	1C

	Number of control OFDM symbols
	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  10 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4

	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.

	Ratio of PCFICH 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.

	Note 1:	DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212 [21].
Note 2:	A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.






In high speed scenario, it is more likely for UE to be out-of-sync as compared with regular LTE where UE is moving with normal speed. In order to prevent UE triggering out-of-sync frequently, new mechanism is needed which can indicate network before UE being out-of-sync. One method is to define a new threshold Qout, E1 to indicate network that UE is going to be out-of-sync.
Another solution for radio link monitoring in high speed scenario is to reuse the same design principle as radio link monitoring for UE category M1. Define threshold Qout_HST as the level at which the downlink radio link cannot be reliably received and shall correspond to [10]% block error rate of a hypothetical PDCCH transmission with newly defined transmission parameters. When block error rate of the hypothetical PDCCH transmission is above Qout_SHT, UE will report a new signalling to network to indicate that it is going be out-of-sync. Then network may perform power boosting to preventing the event that UE is out-of-sync.
Proposal 1: Two options are proposed for enhanced RLM in high speed scenario: 
· Option 1: For RLM in high speed scenario, define a new event according to some threshold Qout,E1 which is less than 10%. A new signalling will be introduced for UE to indicate network that it is going to be out-of-sync if PDCCH block error rate is above Qout,E1.
· Option 2: For RLM in high speed scenario, define the threshold Qout_HST as the level at which the downlink radio link cannot be reliably received and shall correspond to [10]% block error rate of a hypothetical PDCCH transmission with transmission parameters specified in the following table:  

	Attribute
	Out-of-sync

	DCI format
	1A or other possible value

	Number of control OFDM symbols

	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  10 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	X1>4; Bandwidth = 1.4 MHz
X2>8; Bandwidth  3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	Y1>4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
Y2>1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Ratio of PCFICH 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.

	Note: The values of X1 , X2, Y1, Y2 are FFS.




Conclusions
In this contributions, we provide our view on RLM in high speed scenario. The proposals are drawn as below,
Proposal 1: Two options are proposed for enhanced RLM in high speed scenario: 
· Option 1: For RLM in high speed scenario, define a new event according to some threshold Qout,E1 which is less than 10%. A new signalling will be introduced for UE to indicate network that it is going to be out-of-sync if PDCCH block error rate is above Qout,E1.
· Option 2: For RLM in high speed scenario, define the threshold Qout_HST as the level at which the downlink radio link cannot be reliably received and shall correspond to [10]% block error rate of a hypothetical PDCCH transmission with transmission parameters specified in the following table:  

	Attribute
	Out-of-sync

	DCI format
	1A or other possible value

	Number of control OFDM symbols

	2; Bandwidth  10 MHz
3; 3 MHz  Bandwidth  10 MHz
4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	X1≥4; Bandwidth = 1.4 MHz
X2≥8; Bandwidth  3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	Y1≥4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell or PSCell.
Y2≥1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell or PSCell.

	Ratio of PCFICH 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.

	Note: The values of X1 , X2, Y1, Y2 are FFS.
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