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1 Introduction
In RAN4#78bis meeting, the link level and system level simulation assumptions on RRM requirements in connected mode under high speed scenario were agreed [1]. The cell detection performance is validated in [2] from link level simulation perspective without distinguishing idle mode and connected mode. The simulation results illustrate that it is feasible for UE to meet the enhanced cell detection requirements from UE capability point of view.

In this contribution, the enhanced measurement performance is evaluated through link level simulation. Afterwards the mobility performance is evaluated through system level simulation.
2 Discussion
2.1 Measurement performance
Regarding measurement accuracy, in Rel-8 the baseline assumption is that 5 samples would be sufficient to meet the measurement accuracy requirements. In high speed scenario, if the tighten measurement requirements are needed, the raising concern is that whether the enhanced measurement period could satisfy the measurement accuracy. To address the question, the link level simulation is carried out based on the agreed simulation assumption [1].

In DRX, it is realistic to assume that UE would wake up to perform measurement once per DRX cycle. So in this contribution, 3 DRX cycle means 3 measurement samples and so on. The measurement bandwidth still uses 6RBs, measurement period varies from 2DRX to 4DRX. Es/Iot is set to -6dB. The simulation results are shown in Table 1.

Table 1: Simulation results for enhanced measurement (Measurement period =4*DRX cycle)
	
	RSRP
	RSRQ

	Channel
	5%
	95%
	relative
	5%
	50%
	95%

	AWGN
	-1.12 
	2.09 
	1.76 
	-1.11 
	0.68 
	2.08 

	EVA300
	-1.91 
	1.62 
	2.06 
	-1.73 
	0.18 
	1.65 

	EVA600
	-1.70 
	1.67 
	1.83 
	-1.60 
	0.19 
	1.61 

	EVA875
	-1.84 
	1.69 
	2.05 
	-1.71 
	0.23 
	1.67 

	HST 875
	-1.70
	1.72
	2.06
	-1.73
	0.40
	1.73


Table 2: Simulation results for enhanced measurement (Measurement period =3*DRX cycle)
	
	RSRP
	RSRQ

	Channel
	5%
	95%
	relative
	5%
	50%
	95%

	AWGN
	-1.310359
	2.2478334
	2.11714
	-1.286577
	0.7816542
	2.2674701

	EVA300
	-2.397169
	1.9122721
	2.57308
	-2.321565
	0.2318755
	1.9852544

	EVA600
	-2.17797
	1.919771
	2.31424
	-2.042049
	0.1964193
	1.920248

	EVA875
	-2.155951
	2.033249
	2.37332
	-2.058593
	0.2509812
	2.0432932

	HST 875
	-2.07
	2.02
	2.46
	-1.9
	0.44
	2.14


Table 3: Simulation results for enhanced measurement (Measurement period =2*DRX cycle)
	
	RSRP
	RSRQ

	Channel
	5%
	95%
	relative
	5%
	50%
	95%

	AWGN
	-1.44 
	2.74 
	2.24 
	-1.45 
	0.80 
	2.71 

	EVA300
	-2.51 
	2.13 
	2.65 
	-2.47 
	0.22 
	2.33 

	EVA600
	-2.41 
	2.19 
	2.59 
	-2.26 
	0.28 
	2.26 

	EVA875
	-2.72 
	2.17 
	2.91 
	-2.65 
	0.30 
	2.30 

	HST 875
	-2.42
	2.12
	2.67
	-2.37
	0.26
	2.29


The simulation results show that the measurement accuracy could be satisfied when the enhanced measurement requirements (2DRX cycle, 3DRX cycle and 4 DRX cycle) are applied. Considering it is better to give some margin, the measurement period in DRX could be 3DRX cycle.
Last meeting, one concern for the enhanced measurement requirement is rising due to UE implementation capability. The concern is for intra-frequency measurement UE has base band budget to process 8 cells. If the measurement period is reduced, it is possible that less samples for each cell. Firstly it shall be specific that this issue very depends on the UE implementation. From our perspective, we don’t think it is a big problem. What’s more, if the issue is not trivial, the approach of reducing the number of monitoring cells may be considered under high speed trail. Since in the high speed railway deployment, it is possible that less cells is configured.
Another method proposed by some companies is to relax the measurement accuracy. From network point of view, accurate and timely measurement results are expected. So relaxing measurement accuracy under high speed scenario is not appropriate approach.
Proposal1: The measurement accuracy could be satisfied when the enhanced measurement requirements (3DRX cycles) are applied.
2.2 Mobility performance
The enhanced measurement period and cell detection delay has been validated through link level simulation. In this clause based on the system level simulation assumption[1], the mobility performance with the enhanced measurement period and cell detection delay is evaluated.
In order to facilitate well understand the simulation results, some simulation assumptions are duplicated here.
2.2.1 Simulation assumptions

· Topology

Passengers are uniformly placed in a train, and UEs are moving along the railroad track. Cells are distributed along the tracks.
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Figure 1: cell deployment for high speed scenarios

· Definition of states

For purpose of modelling, four states are defined as follows:
State 0: Before event A3 entering condition is satisfied;
State 1: After event A3 entering condition is satisfied but before the measurement report is successfully sent by UE;
State 2: After the measurement report is successfully sent by UE but before handover command is successfully received by UE;

State 3: After the handover command is received by the UE, but before the handover complete is successfully sent by the UE
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Figure 2. Definition of states
Three messages in handover procedure which comprise measurement report, handover command and handover complete are modelled in the simulation.

The starting point of state 0 is accordance with simulation beginning. During state 0, cell detection delay and measurement procedures are considered.
It shall be noted that in state 3, when handover command is received by the UE, UE would detach from the serving cell. So no RLF shall be calculated in state 3. Since no RACH failure is considered (if RACH failure possibility is considered the handover failure rate would correspondingly increases) in state 3, only the case that handover complete message is not successfully sent contributes handover failure in this state.
· Handover failure rate
A handover failure is counted if one of the following criteria is met,

- RLF is declared in the state 1; or
- Measurement report is not successfully sent by UE; or

- RLF is declared in the state 2; or

- HO complete is not successfully sent 
The handover failure rate is defined as: 
Handover failure rate = (number of handover failures) / (Total number of handover attempts).
The total number of handover attempts is defined as: 
Total number of handover attempts = number of handover failures + number of successful handovers. 

· RRC connection re-establishment rate
According to definition in TS 36.331, the UE initiates the RRC connection re-establishment procedure when one of the following conditions is met:

1>
upon detecting radio link failure; or

1>
upon handover failure; or

1>
upon mobility from E-UTRA failure; or

1>
upon integrity check failure indication from lower layers; or

1>
upon an RRC connection reconfiguration failure;

Upon initiation of RRC connection re-establishment procedure, UE performs cell selection procedure. Cell selection procedure includes cell identification, measurement and cell evaluation etc. Based on the field data and practical testing data, the RRC re-establishment delay is more than 1s. So high RRC connection re-establishment rate is not expected and it would degrade the system performance. RRC connection re-establishment rate is regarded as an important key performance indicator.
The RRC connection re-establishment rate is defined as:

RRC connection re-establishment rate= (number of RRC connection re-establishment)/ (Total number of RRC connection attempts)
The number of RRC connection re-establishment is defined as:
Number of RRC connection re-establishment= (number of RLF in state 0+ number of handover failure)

The total number of RRC connection attempts is defined as:

RRC connection attempts = (number of RRC connection re-establishment+ number of successful handovers)
· Cell detection delay
Link level evaluation for cell detection is evaluated in [2]. For the system simulation, we use
· PSS/SSS detection delay: 5*DRX when
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· PSS/SSS detection delay: 1*DRX when
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It shall be noted that the above assumption is not stringent because from the simulation results [2], when side condition increases to -4dB, PSS/SSS detection could be [2]*DRX cycles
· Measurement period

After a cell is detected, UE shall perform measurement procedure. In our simulation, two sets of measurement period are assumed:

-Existing measurement period: using 5DRX cycle as the measurement period;

-Enhanced measurement period: based on the measurement simulation results proposed in Table 1-3, measurement period is reduced from 5DRX cycle to 3DRX cycle.
2.2.2  Simulation results
Mobility performance results considering cell identification and measurement period with DRX are given. UE moving distance is 1000km.T310 is set to 1s and 0s.
Table1: Mobility performance (per UE) in DRX (T310=1s)
	Mobility performance
	Enhanced Measurement period
	Existing Measurement period

	
	160ms   
	320ms
	640ms
	160ms 
	320ms
	640ms

	Total HO Num
	20.1746 
	19.7460 
	17.6032 
	19.8730 
	15.3175 
	4.1905 

	Total HO success
	20.0952 
	19.3651 
	16.2063 
	19.1429 
	10.5079 
	4.1905 

	Total HO failure
	0.0794 
	0.3810 
	1.3968 
	0.7302 
	4.8095 
	0.0000 

	Total HO failure Rate
	0.0039 
	0.0193 
	0.0794 
	0.0367 
	0.3140 
	0.0000 

	Total RLF Num
	0.0794 
	0.4286 
	4.4127 
	0.7302 
	9.5556 
	9.9365 

	RLF in stage 0
	0.0000 
	0.0794 
	3.0317 
	0.0000 
	4.7460 
	9.9365 

	RLF in stage 1
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.2381 
	0.0000 

	RLF in stage 2
	0.0794 
	0.3492 
	1.3810 
	0.7302 
	4.5714 
	0.0000 

	Re-establishment Num
	0.0794 
	0.4603 
	4.4286 
	0.7302 
	9.5556 
	9.9365 

	Re-establishment Rate
	0.0039 
	0.0232 
	0.2146 
	0.0367 
	0.4763 
	0.7034 

	Meas Report Num
	20.1746 
	19.7460 
	17.6032 
	19.8254 
	15.3175 
	4.1905 

	Meas Report failure
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 
	0.0000 

	Meas Report success
	20.1746 
	19.7460 
	17.6032 
	19.8254 
	15.0794 
	4.1905 

	HO Command Num
	20.1746 
	19.7302 
	17.6032 
	19.8254 
	10.5556 
	4.1905 

	HO Command failure
	0.0794 
	0.3333 
	1.3175 
	0.7302 
	0.0476 
	0.0000 

	HO Command success
	20.0952 
	19.3968 
	16.2222 
	19.0952 
	10.5079 
	4.1905 

	HO Complete Num
	20.0952 
	19.3968 
	16.2222 
	19.0952 
	10.5079 
	4.1905 

	HO Complete failure
	0.0000 
	0.0317 
	0.0159 
	0.0000 
	0.0000 
	0.0000 

	HO Complete success
	20.0952 
	19.3651 
	16.2063 
	19.0952 
	10.5079 
	4.1905 


Table2: Mobility performance (per UE) in DRX (T310=0s)
	Mobility performance
	Enhanced Measurement period
	Existing Measurement period

	
	160ms   
	320ms
	640ms
	160ms 
	320ms
	640ms

	Total HO Num
	19．7302
	19．7302
	16．6190
	9.7302
	9.6508
	7.3016

	Total HO success
	19.2857
	19.0476
	11.3968
	9.5556
	9.3810
	7.2222

	Total HO failure
	0.4444
	0.6825
	5.2222
	0.1746
	0.2698
	0.0794

	Total HO failure Rate
	0.0225
	0.0346
	0.3142
	0.0179
	0.028
	0.0109

	Total RLF Num
	0.4444
	0.6825
	7.5556
	9.9841
	9.9841
	10.0476

	RLF in stage 0
	0.0000
	0.0000
	2.3333
	9.8095
	9.7143
	9.9683

	RLF in stage 1
	0.3492
	0.3175
	4.8095
	0.1746
	0.2540
	0.0794

	RLF in stage 2
	0.0952
	0.3651
	0.4127
	0.0000
	0.0159
	0.0000

	Re-establishment Num
	0.4444
	0.6825
	7.5556
	9.9841
	9.9841
	10.0476

	Re-establishment Rate
	0.0225
	0.0346
	0.3978
	0.5110
	0.5156
	0.5818

	Meas Report Num
	19.8571
	19.7302
	16.6190
	9.7937
	9.6508
	7.3016

	Meas Report failure
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	Meas Report success
	19.5079
	19.4127
	11.8095
	9.6190
	9.3968
	7.2222

	HO Command Num
	19.5079
	19.4127
	11.7937
	9.6190
	9.3968
	7.2222

	HO Command failure
	0.0635
	0.3492
	0.4127
	0.0000
	0.0159
	0.0000

	HO Command success
	19.4127
	19.0476
	11.3968
	9.6190
	9.3810
	7.2222

	HO Complete Num
	19.3810
	19.0476
	11.3968
	9.6190
	9.3810
	7.2222

	HO Complete failure
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000

	HO Complete success
	19.2857
	19.0476
	11.3968
	9.5556
	9.3810
	7.2222


The following observations are obtained,

When T310=1s:

-When existing measurement period is applied, i.e., 5DRX cycle, handover failure rate and re-establishment rate can’t be acceptable when DRX is 160ms and 320ms; For DRX = 640ms, the handover failure rate is zero, while the re-establishment rate is about 70%. The reason is that RLF happen in state 0 before handover is triggered because UE could not trigger measurement reporting and perform handover in time.
- When enhanced measurement period is applied, i.e., 3DRX cycle, the mobility performance (e.g., handover failure rate and re-establishment rate) could be acceptable when DRX is 160ms and 320ms. However the performance degrades when DRX is 640ms.
Observation1: The mobility performance could be acceptable with enhanced cell identification and measurement requirements, when DRX is configured to 160ms and 320ms in high speed scenarios.
When T310=0s:

- When existing measurement period is applied, i.e., 5DRX cycle, the handover failure rate is low. The reason is that the RLF number in state 0 significantly increases. That is to say, in most cases, before the A3 event is triggered, the RLF happened. The RLF happened in state 0 is not counted as a handover failure. 
- When existing measurement period is applied, i.e., 5DRX cycle, re-establishment rate is dramatically high. As we know upon initiation of RRC connection re-establishment procedure, UE performs cell selection procedure. Cell selection procedure includes cell identification, measurement and cell evaluation etc. After attaching a cell, UE needs to read part or all system information depending on UE implementation and capability. Based on the field data and practical testing data, the RRC re-establishment delay is at least 1s. Due to such delay, the data outage accordingly increases.
- When enhanced measurement period is applied, i.e., 3DRX cycle, the handover rate increases compared with the case when T310=0s. The reason is that when T310=0s, the RLF number in state 1 increases. That is to say, before UE successfully send out the measurement report, the UE enters to cell re-establishment state without any recovery chance.
In the same time, the re-establishment rate is also increases compared with the case when T310=0s. 
Observation 2: The benefit of reducing T310 is not observed.
3 Conclusion
This contribution verifies the reduced measurement period through link level simulation and then evaluates the mobility performance through system level simulation. The following proposals and observations are provided:
Proposal1: The measurement accuracy could be satisfied when the enhanced measurement requirements (3DRX cycles) are applied.
Observation1: The mobility performance could be acceptable with enhanced cell identification and measurement requirements, when DRX is configured to 160ms and 320ms in high speed scenarios.
Observation 2: The benefit of reducing T310 is not observed.
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