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1 Introduction
In RAN4#76 meeting, the issue for cell re-selection requirements in RRC IDLE mode in high speed scenario was found, and it was captured in HST ad hoc minutes [1] and TP [2] which was agreed,
	· RRM in DRX for idle mode:

The existing latency requirements under DRX configuration for idle mode are not suitable for high speed scenario;
· Candidate solution 1: tightening UE requirements
· Candidate solution 2: providing the indication to UE and when UE is operating in the high speed UE should follows the tightened requirements.
Other solutions are not precluded.


This contribution provides further analysis on issues in RRC connected state in DRX in high speed scenarios.
2 Discussion
2.1 Mobility performance in connected state in DRX
In the last meeting some initial simulation results were provided [3] [4]. 
[3] provided analysis on handover failure rate and outage percentage (time proportion that UE is in Qout over total time) with simple simulation model. It shows a notable handover failure rate and outage percentage. It shows that the interruption will be about 5-7 DRX cycles. UE experience could be embodied by QCI. In our understanding, such interruption exceeds the service latency largely, which definitely would impact UE experience.
[4] calculated the SINR at a time earlier than the ideal handover time (A3 event triggering), to see if the target cell is detectable at this point in time. The results show that the DRX cycle of up to 512ms may be considered practical.

Both evaluation methodologies and simulation modelling above are brief. Herein we try to provide comprehensive analysis from UE mobility performance point of view.
2.1.1 Simulation assumptions

· Topology

Passengers are uniform randomly placed in a train, and UEs are moving along the railroad track. Wrap around with14 cells are modelled. The propagation model is ITU-RMa. 
· 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 1. 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 identification delay and measurement procedures are considered. In TS 36.133, the side condition for cell identification is -6dB. The cell identification delay in DRX is defined in Table 8.1.2.2.1.2-1 which is minimum requirements. In practical, UE is able to identify a cell faster than the minimum requirements. The cell identification time is assumed to be 5DRX in our simulation. The cell staying above the threshold (-6dB) the entire time is considered to be detected. If the SINR falls under the threshold, the cell identification time resets. After a cell is detected, UE shall perform measurement procedure where the measurement period is set to 5*DRX.
Table 8.1.2.2.1.2-1: Requirement to identify a newly detectable FDD intrafrequency cell

	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (40)

	0.128
	3.2 (25)

	0.128<DRX-cycle≤2.56
	Note2(20)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


In state 3, when handover command is received by the UE, UE would detach from the serving cell. At the same time, UE starts timer T304 to perform handover and stop timer T310 which means 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)
· Simulation assumption parameters
Table 1 shows the main parameters for the high speed scenario with DRX.

Table 1 Assumptions for system level evaluation

	Parameter
	Values used for evaluation

	ISD (Ds)
	1000 m

	Distance from eNB to railroad track
	100m

	Topology
	Wrap around with14 cells are modelled

	UE dropping
	UEs randomly and uniformly dropped within a train (200m length)

	UE speed
	350km/h

	System BW
	10 MHz

	Time To Trigger
	0ms

	A3 offset 
	3dB

	T310
	1s

	HO preparation time
	50ms

	HO execution time
	40ms

	RACH failure rate
	0% (No RACH failure is modelled)

	DRX configuration
	Non-DRX; 80ms; 160ms; 320ms

	Cell identification delay
	5DRX for DRX, 200ms for non DRX

	Measurement period
	5DRX for DRX, 200ms for non DRX

	Handover quantity
	RSRP

	Antenna height
	35m

	Propagation model
	ITU RMa LOS refer to TR36.814


2.1.2  Simulation results
In this clause, mobility performance results considering cell identification and measurement period with DRX are given.
· DRX, with cell identification delay=5DRX, measurement period=5DRX
Table 1 gives the simulation results of different DRX cycles, i.e., 80ms, 160ms and 320ms considering 5 DRX cell identification delay and 5 DRX measurement period.

Table1: Mobility performance in DRX with cell identification delay =5DRX, measurement period=5DRX
	HO Results
	DRX cycle=80ms
	DRX cycle=160ms
	DRX cycle=320ms

	Total HO Num
	1296
	1146
	597

	Total HO success
	1236
	983
	420

	Total HO failure
	60
	163
	177

	Total HO failure Rate
	0.0462
	0.1422
	0.2964

	Total RLF Num
	64
	211
	585

	RLF in stage 0
	4
	53
	408

	RLF in stage 1
	0
	1
	0

	RLF in stage 2
	60
	157
	177

	RLF in stage 3
	N/A　
	N/A　
	N/A　

	Re-establishment Num
	64
	216
	585

	Re-establishment Rate
	0.0492
	0.1801
	0.5276

	Meas Report Num
	1296
	1146
	597

	Meas Report failure
	0
	0
	0

	Meas Report success
	1296
	1146
	597

	HO Command Num
	1295
	1110
	483

	HO Command failure
	58
	106
	63

	HO Command success
	1236
	988
	420

	HO Complete Num
	1236
	988
	420

	HO Complete failure
	0
	5
	0

	HO Complete success
	1236
	983
	420


It is observed that even with short DRX cycle (e.g., 80ms), the handover failure rate and re-establishment rate is not acceptable. As the DRX cycle becomes longer the HO performance degrades significantly. Such high handover failure rate and RRC re-establishment are not expected from network point of view. 

Observation 1: Even with short DRX cycle (e.g., 80ms), the handover failure rate and re-establishment rate is not acceptable. As the DRX cycle becomes longer the HO performance degrades significantly.
In the following, some extreme cases are simulated to analyze what are the aspects which may result in performance degradation.
· DRX, without cell identification delay DRX, measurement period=5DRX
One extreme and unrealistic case is considered where assuming the no time is consumed for cell identification.
Table 2: Mobility performance in DRX with cell identification delay =0DRX, measurement period=5DRX
	HO Results
	80ms
	160ms
	320ms

	Total HO Num
	1278
	1161
	1017

	Total HO success
	1260
	1044
	855

	Total HO failure
	18
	117
	162

	Total HO failure Rate
	0.0141
	0.1007
	0.1592

	Total RLF Num
	18
	116
	194

	RLF in stage 0
	0
	0
	33

	RLF in stage 1
	0
	0
	0

	RLF in stage 2
	18
	116
	161

	RLF in stage 3
	N/A　
	N/A　
	N/A　

	Re-establishment Num
	18
	117
	195

	Re-establishment Rate
	0.0141
	0.1007
	0.1857

	Meas Report Num
	1278
	1161
	1017

	Meas Report failure
	0
	0
	0

	Meas Report success
	1278
	1161
	1017

	HO Command Num
	1278
	1161
	991

	HO Command failure
	18
	115
	134

	HO Command success
	1260
	1046
	857

	HO Complete Num
	1260
	1046
	857

	HO Complete failure
	0
	1
	1

	HO Complete success
	1260
	1044
	855


Typically the expected handover success rate is 99% and above in practical network. Since no RACH failure is modelled in our simulation and considering margin reservations, it is better to enhance the handover mobility performance when DRX is 80ms. 
It is observed that when DRX cycle is 160ms and 320ms, even without considering cell identification delay the handover failure rate and re-establishment rate are still high. It means that one aspect which contributes mobility performance degradation is measurement period in DRX. Due to long measurement period (i.e., 5DRX), UE could not trigger measurement report and perform handover in time which would result in considerable RRC re-establishment number and handover failure number. 

Observation 2: Current measurement period in DRX (i.e., 5DRX) results in mobility performance degradation in high speed scenarios.
Proposal1: Measurement period in DRX in RRC connected state needs to be enhanced in high speed scenario.

· DRX, with cell identification delay=5DRX, measurement period=3DRX

As analysed above, long measurement period in DRX is one factor which contributes the mobility performance degradation. In the following, another extreme case is modelled where measurement period is reduced to 3 DRX. It shall be noted that it is hard for one short measurement (1DRX) with 6RBs measurement bandwidth to satisfy the RSRP/RSRQ measurement accuracy from link level viewpoint. So herein using 3DRX as an enhanced measurement period, whether it is realistic is open to debate. At least measurement period with 3DRX cycles could achieve more measurement samples than one with 1DRX cycle. The purpose of the case is to check whether the performance is good enough with measurement period reduction.

Table 3: Mobility performance in DRX with cell identification delay =5DRX, measurement period=3DRX
	HO Results
	DRX cycle=80ms
	DRX cycle=160ms
	DRX cycle=320ms

	Total HO Num
	1413
	1309
	1053

	Total HO success
	1389
	1180
	748

	Total HO failure
	24
	129
	305

	Total HO failure Rate
	0.01698
	0.0985
	0.2896

	Total RLF Num
	24
	133
	392

	RLF in stage 0
	0
	6
	88

	RLF in stage 1
	0
	0
	1

	RLF in stage 2
	24
	127
	303

	RLF in stage 3
	N/A　
	N/A　
	N/A　

	Re-establishment Num
	24
	135
	393

	Re-establishment Rate
	0.0169
	0.1026
	0.3444

	Meas Report Num
	1413
	1309
	1053

	Meas Report failure
	0
	0
	0

	Meas Report success
	1413
	1309
	1053

	HO Command Num
	1413
	1284
	931

	HO Command failure
	24
	100
	171

	HO Command success
	1389
	1182
	749

	HO Complete Num
	1389
	1182
	749

	HO Complete failure
	0
	2
	1

	HO Complete success
	1389
	1180
	748


It is observed,

· When measurement period reduce to 3 DRX cycle, the handover failure rate and re-establishment rate when DRX cycle is 160ms and 320 ms can’t be acceptable. 
· Considering margin reservation it is better to enhance mobility performance when DRX =80ms.
From the above observations, it deduces that the mobility performance could not be upgraded to a good level only by reducing measurement period. As we know that cell identification time includes cell identification and once measurement period, we think the joint action of reduction of cell identification latency and measurement period is needed. 

Observation 3: Current cell identification period in DRX results in mobility performance degradation in high speed scenarios.
Proposal2: Cell identification time in DRX in RRC connected state needs to be enhanced in high speed scenario.
2.2  Possible solutions

[5] shows that DRX configuration is useful from UE power consumption and QOS point of view. It is also observed from the above simulation results, even with short DRX (e.g., 80ms,160ms) the mobility performance is not good.
One straight forward way to handle the above issues is to reduce the cell identification delay and measurement period requirements in DRX. In order to constraint all UE behaviour, we suggest the enhanced minimum requirements could be specified under high speed scenarios. In other words, under high speed scenarios, UE shall satisfy the enhanced cell identification and measurement period requirements. Other possible solutions are not excluded and the candidate solutions are highly welcome from interested companies.
Proposal 3: Under high speed scenarios, UE shall satisfy the enhanced cell identification and measurement period requirements.

3 Conclusion
This contribution provides further analysis on RRM requirements in DRX. The following proposals are proposed:
Observation 1: Even with short DRX cycle (e.g., 80ms), the handover failure rate and re-establishment rate is not acceptable. As the DRX cycle becomes longer the HO performance degrades significantly.
Observation 2: Current measurement period in DRX (i.e., 5DRX) results in mobility performance degradation in high speed scenarios.
Proposal1: measurement period in DRX needs to be enhanced in high speed scenario.
Observation 3: Current cell identification period in DRX results in mobility performance degradation in high speed scenarios.
Proposal2: Cell identification time in DRX in RRC connected state needs to be enhanced in high speed scenario.
Proposal 3: Under high speed scenarios, UE shall satisfy the enhanced cell identification and measurement period requirements.
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