Page 1
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 Meeting #78                                      R4-160837 St. Julian’s, Malta, 15 – 19 February, 2016

Source: 
Huawei, HiSilicon
Title: 
Discussion on enhanced requirements in DRX in connected state under high speed scenario
Agenda Item:
8.12.2
Document for:
Discussion
1 Introduction
The following-up WI of performance enhancement of high speed scenarios was approved in RAN#70 plenary [1]. One of the objectives is,

· Specify enhanced RRM requirements in long DRX (no less than 160ms) for connected mode. The evaluation of the candidate solutions shall be carried out. (RAN4)

Some candidate solutions were captured in HST technology report TR36.878 [2]. According to the WID, the evaluation work shall not exceed the identified candidate solutions in SI phase. The candidate solutions are duplicated as below.

	· RRM in DRX for connected mode:

The following latency requirements in long DRX (no less than 160ms) for connected mode would result in performance degradation under high speed scenario:

· Cell identification time 

· Measurement period 

Note: There is no consensus on short DRX configuration. Some companies provide the analysis showing in short DRX the existing latency requirements would result in performance degradation under high speed scenario [R4-155792].

The following candidate solutions are provided,

· Candidate solution 1: UEs would need to perform cell search and measurement more frequently than once per DRX cycle;

· Candidate solution 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios (Huawei [R4-155792]);

· Candidate solution 3: Trigger the active measurements, e.g., the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold(Qualcomm [R4-156050]);

· Candidate solution 4: Network provides the assistant information to UE such that UE have different behavior compared to the legacy UE (Intel);

· Candidate solution 5: Enhanced RRM requirements are defined up to the upper bound DRX cycle (Nokia [R4-155854]).

· Candidate solution 6: Enhance RRM requirements based on the estimated UE relative distance changes by the use of previous UE measurements at previous DRX ON durations (Alcatel-Lucent [R4-158183]).

· Candidate solution 7: Reduce RLM (out of sync monitoring) window and RLF timers to enable quick RRC re-establishments in the target cell (Qualcomm [R4-157272])


In this contribution, we focus on solution 2 which is aims to enhance the existing requirements.
2 Discussion
Solution 2 was first proposed in [3], the main idea is to reduce the cell identification delay and measurement period requirements in DRX. In order to constraint all UE’s behaviour, 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. 
· Solution Benefits
For example, the cell identification is reduced to 5*DRX cycle and measurement period is reduced to 3*DRX cycle. It doesn’t mean that UE need to additionally wake up in DRX OFF in order to achieve fast cell identification and measurements. It means that UE has to complete the cell identification and measurement without additional wake up time during DRX OFF state within the decreased duration.
In most practical implementation, the power consumption generally divided into 2 parts: RF power consumption and demodulation power consumption. When UE performs measurement, the RF chain shall be open and the demodulation modems are working. When UE sleeps in DRX OFF state, for commercial chipset the power consumption could be reduced more than 100 times, so the power consumption during the “sleep” state could be negligible. So compared with solution1, the power consumption of solutio2 is reduced significantly. For example, if the measurement period is reduced twice the power consumption would be reduced twice accordingly.
Observation 1: The power saving of solution 2 is significant.
2.1 Mobility performance of solution 2
In the following, the mobility performance is evaluated for solution2 from system level simulation. 
2.1.1 Simulation assumptions

· Topology

Passengers are uniform randomly 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 identification 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. 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. The detailed simulation assumption is provided in [R4-160834].
Table 1 Assumptions for system level evaluation 
	Parameter
	Values used for evaluation

	ISD (Ds)
	1000 m

	Minimum distance from eNB to railroad track (Dmin)
	100m

	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 
	0dB

	T310
	1s

	HO preparation time
	50ms

	HO execution time
	40ms

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

	DRX configuration
	160ms; 320ms;640ms

	Cell identification delay
	· 5DRX cycles (for all DRX cycles)when 
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· 1DRX (for all DRX cycles)when
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	Measurement period
	5DRX cycles (for all DRX cycles) 
	3DRX cycles (for all DRX cycles)

	Handover quantity
	RSRP

	Antenna height
	35m

	Propagation model
	ITU RMa LOS refer to TR36.814


· Cell identification delay

One set of cell identification delay is assumed in our simulation:

-The cell identification time is assumed to be 5DRX when
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. 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. We think that a cell could be identified within 5DRX cycles when
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in practical.
-The cell identification time is assumed to be 1DRX when
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. Recalling LAA, plentiful simulation works have been carried out on cell identification delay. Simulation results from majority companies showed that the cell could be identified one shot when
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. Applying this conclusion to high speed scenario, we think it is reasonable to reduce cell identification delay to 1 shot when
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. Furthermore in high speed scenario, the train moving is along the track, so the SINR is considerable high when UE is approaching the target cell.
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


Observation 2: It is reasonable to assume cell identification time 5DRX cycles when
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and 1DRX cycle when
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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;
· 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: Reducing measurement period from 5DRX cycle to 3DRX cycle.
2.1.2  Simulation results
Mobility performance results considering cell identification and measurement period with DRX are given in Table 1. UE moving distance is 1000km.
Table1: Mobility performance (per UE) in DRX 
	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 


Under the precondition that cell identification would be 5DRX when
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and be 1DRX when
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, the following observations are obtained,
-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.
Observation 3: Existing measurement period in DRX (i.e., 5DRX cycles) results in mobility performance degradation in high speed scenarios.

Observation 4: The mobility performance could be acceptable when enhanced measurement period is applied, i.e., 3DRX cycle, when DRX is configured to 160ms and 320ms in high speed scenarios.

2.2  Link level simulation results
The raising concern is that whether the enhanced measurement period could satisfy the measurement accuracy. The link level simulation is carried out in the follows. The measurement bandwidth is 6RBs, measurement period is 3DRX and the measurement performs once per DRX cycle.
Table 2: Simulation results for enhanced RSRP measurement (Measurement bandwidth=6RBs)
	
	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


Observation 5: The measurement accuracy could be satisfied when the enhanced measurement requirements (3DRX cycles) are applied.
3 Conclusion
This contribution provides analysis on candidate solution 2. The following proposals and observations are provided:
Observation 1: The power saving of solution 2 is significant.
Observation 2: It is reasonable to assume cell identification time 5DRX cycles when
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and 1DRX cycle when
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Observation 3: Existing measurement period in DRX (i.e., 5DRX cycles) results in mobility performance degradation in high speed scenarios.

Observation 4: The mobility performance could be acceptable when enhanced measurement period is applied, i.e., 3DRX cycle, when DRX is configured to 160ms and 320ms in high speed scenarios.

Observation 5: The measurement accuracy could be satisfied when the enhanced measurement requirements (3DRX cycles) are applied.
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