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1 Introduction
In RAN4#75 meeting, a way forward for RRM requirements was agreed [1],
	· Identifying problems 

· Existing minimum requirements including idle cell re-selection, RLM in DRX and cell identification in DRX are not suitable with some of the DRX cycle lengths for high speed train scenarios at speeds of 350km/h and beyond. 

· The enhanced requirements for cell re-selection, RLM in DRX and cell identification in DRX need to be investigated under the identified high speed scenarios.

· Next work

· Companies are encouraged to provide possible approaches for the above identified issues for next meeting 


This contribution provides further analysis on the aspects pointed out above.
2 Discussion
2.1 DRX configuration
The battery lifetime to some extent determines the device’s lifetime if it is not foreseen to charge or replace the battery. Even for the UEs who could consume power from an external power supply, it may be desirable to consume less power from energy efficiency point of view. 
The purpose of DRX functionality is for power saving. The parameterization of the DRX cycle involves a trade-off between battery saving and latency. On the one hand, a long DRX period is beneficial for lengthening the UE’s battery life. For example, in the case of a web browsing service, it is usually a waste of resources for a UE continuously to receive downlink channels while the user is reading a downloaded web page. On the other hand, a shorter DRX period is better for faster response when data transfer is resumed -for example when a user requests another web page [1].
In high speed scenarios, some companies provide the viewpoint that the DRX configuration is limited to small DRX cycle, for example less than 80ms.If small DRX is configured, UE shall wake up every DRX cycle and the power consumption is considerable compared with long DRX cycle. For example, the power doubly consumed in case of 80ms DRX compared with 160ms DRX cycle.
Furthermore for the scenarios that high speed railway is covered by the public network, high speed users and low speed users are in the same cell. As DRX configuration for IDLE state is cell-specific, only considering small DRX cycles is unfair for the low speed users.
In addition, which DRX cycle is configured shall consider service QoS as well in practical network deployment, except for power consumption. So high speed scenarios shall take all kinds of DRX cycles into account. 
Proposal1: High speed scenarios shall take all kinds of DRX cycles into account.
2.2 Cell Re-selection
2.2.1 Identified issues

Cell re-selection requirements include cell detect time, measurement period and evaluation time. Taking requirements for intra-frequency cell reselection as an example, the UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria within Tdetect,EUTRAN_Intra, 
Table 4.2.2.3-1: Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)
	Distance UE moved during cell detection procedure (350km/h)

[m]

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)
	1120

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)
	1742

	1.28
	32(25)
	1.28 (1)
	6.4 (5)
	3111

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)
	5724


When the UE’s velocity is 350km/h, the distance UE moved is shown in the fifth column. Even with the smallest DRX cycle, it would result in the case that it is hard for UE to find a suitable cell to camp on. In other words, when a UE completed identifying a cell and evaluating R criterion, UE has been out of the coverage of the cell. The evaluated cell is old for the UE. In such situations, pages may be lost since UE could not know the exact subframe (PF,PO) where UE shall receive paging message.We think there is no need to give quantified results to show the performance since the existing requirements make no sense for high speed scenarios
2.2.2 Possible solutions

How to enhance the cell re-selection requirements, an additional set of Tdetect, Tmeasure and Tevaluate is defined for high speed environment. 
For high speed scenarios, UE shall satisfy the enhanced requirements. Table 1 takes the intra-frequency measurements as an example and the exact value for DRX cycle number needs further study.
Table 1 Enhanced requirements for high speed scenarios for Idle state
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	Legacy scenarios
	High speed scenarios

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)
	4.8(15)
	0.32 (1)
	1.6 (5)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)
	9.6 (15)
	0.64 (1)
	3.2 (5)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)
	19.2(15)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)
	38.4 (13)
	2.56 (1)
	7.68 (3)


As we know in idle state the time for detecting a cell (Tdetect) includes two parts: cell identification time (20*DRX cycle) and evaluation time (Tevaluate). The origin of factor 20 in the cell identification time is from Rel-8 non-DRX requirements in CONNECTED state. At that time, based on the simulation results provided by many companies, it is agreed that the cell identification including one time measurement would consume 800ms. Meanwhile most companies assume that UE perform cell identification every 40ms. So factor 20 is applied for defining the requirements for DRX measurements. 
UE performs the same action for cell identification both in idle state and connected state. So factor 20 is applied into idle state requirements. We summarize the simulation results from multiple companies in Rel-8 as shown in Annex. It is observed that there is a large margin for 600ms cell identification. So we think there is much scope to shorten the DRX cycle numbers for defining the Tdetect.

2.3 Cell identification in RRC Connected 
2.3.1 Identified issues
Taking FDD intra-frequency cell identification requirements as an example, the corresponding requirements are defined as following, 
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


We admit that maybe too large DRX cycles, e.g., 1.28s, 2.048s and 2.56s, are not practical from UE mobility performance perspective. But we don’t think the proposal that For RRC connected state the main focus area for studying enhancement is shorter DRX cycles up to 80ms [2] is an appropriate way. 
· The proposal means that most of the DRX cycles could not be used in high speed scenarios, and it impresses a considerable restrict to network. 
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· Even 80ms DRX is configured, it would take 80*40=3200ms for UE to identify cell. It corresponds to 320m in case of 350km/h velocity. 320m is a large distance, especially for handover area. If the handover area is larger, and then the cell range for UE service would be small. So the impact of 80ms for cell identification can’t be negligible. 

· The power consumption impact by using small DRX cycle could not be negligible.
· The DRX configuration shall consider both mobility performance and traffic characteristic. If a UE in high speed train is experiencing the FTP traffic, it seems that the small DRX cycle is not suitable.

So issues exist for the current the cell identification time in DRX state, and it could not be simply handled by small DRX configuration. We propose to comprehensively enhance the cell identification requirements in DRX cycles  
2.3.2  Possible solutions

Under high speed scenarios, UE shall satisfy the enhanced cell identification requirements. Table 2 gives an example of enhanced intra-frequency cell identification requirements under high speed deployment. As discussed in RRC idle state, we think there is much scope to shorten the DRX cycle numbers. UE is assumed to perform cell identification once every DRX cycle without extra waking up. 
Table 2 Enhanced requirements for high speed scenarios for Connected state

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

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (20)

	0.128
	1.664(13)

	0.128<DRX-cycle≤2.56
	Note2(13)

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

Note2: Time depends upon the DRX cycle in use


Table 2 takes the intra-frequency measurements as an example and the exact value for DRX cycle number needs further study.
2.4 RLM requirements
2.4.1 Identified issues

On the one hand, considering a case during RLM evaluation period, UE has moved to another cell because of high speed. Before T310 expires, UE still continues transmission which would result in UL interference. The UL interference in the neighbour cell is more severe than in the serving cell since the transmitting timing is totally wrong in neighbour cell.
On the other hand, another purpose of RLF procedure is to make UE would perform RRC connection re-establishment in time, when RLF is detected. If UE speed is high, the current Qout and Qin evaluate period could not follow the rapid signal quality variability, it would result in late radio link failure detection. That would lead to UE throughput degradation. 
Based on the above analysis, we think the high speed would impact on the RLM performance especially in DRX. Taking 0.64s DRX cycle into account, the evaluation time for Qin and Qout is 6.4s which is approximate corresponding to 640m. When cell ISD is 500ms, the issues mentioned above may happen. So we propose to enhance the Qout and Qin Evaluation Period in DRX. 
 Table 7.6.2.2-1: Qout and Qin Evaluation Period in DRX

	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in clause 7.6.2.1 are applicable.

	0.01 < DRX cycle ≤0.04
	Note 1 (20)

	0.04 < DRX cycle ≤ 0. 64
	 Note 1  (10)

	0.64 < DRX cycle ≤ 2.56
	Note 1  (5)

	Note 1:
Evaluation period length in time depends on the length of the DRX cycle in use 

Note 2: 
MCG’s DRX configuration is applied for PCell RLM evaluation and SCG’s DRX configuration is applied for PSCell RLM evaluation


2.4.2  Possible solutions

Under high speed scenarios, UE shall satisfy the enhanced RLM requirements. The approach is like cell identification. Table 3 gives an example of enhanced RLM requirements under high speed deployment. The exact value for DRX cycle number in Table 3 needs further study.

Proposal2: Requirements for cell re-selection, RLM in DRX and cell identification in DRX shall be enhanced for high speed scenarios. Exact DRX numbers for defining corresponding requirements need further study.

Table 3 Enhanced RLM requirements for high speed scenarios
	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)
	 

	≤ 0.01
	Non-DRX requirements in clause 7.6.2.1 are applicable.
	 

	0.01 < DRX cycle ≤0.04
	   Note 1 (20)
	 

	0.04 < DRX cycle ≤ 0.16
	   Note 1  (10)
	 

	0.16< DRX cycle ≤ 0. 64

	Note 1  (5)
	

	0.64 < DRX cycle ≤ 2.56
	Note 1  (5)
	 

	Note 1:           Evaluation period length in time depends on the length of the DRX cycle in use 
Note 2:           MCG’s DRX configuration is applied for PCell RLM evaluation and SCG’s DRX configuration is applied for PSCell RLM evaluation


3 Conclusion
This contribution provides further analysis on RRM requirements in DRX. The following proposals are proposed:
Proposal1: High speed scenarios shall take all kinds of DRX cycles into account.
Proposal2: Requirements for cell re-selection, RLM in DRX and cell identification in DRX shall be enhanced for high speed scenarios. Exact DRX numbers for defining corresponding requirements need further study.
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5 Annex
Table 5-1: Cell identification for ETU 5Hz for synchronised case
	Tdoc Number
（Company）
	Case 1
	Case 2
	Case 3
	Case 4

	
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB

	R4-080631

(Ericsson)
	470
	220
	90
	360
	160
	80
	140
	100
	60
	150
	90
	50

	R4-080357

(Motorola)
	350
	240
	160
	570
	350
	250
	310
	210
	140
	440
	290
	210

	R4-081136

(Qualcomm)
	180
	90
	60
	225
	125
	80
	45
	35
	35
	40
	30
	20

	R4-080691

(Philips)
	450
	330
	240
	420
	340
	240
	380
	290
	240
	370
	290
	240

	R4-080979

(LG)
	130
	100
	95
	580
	460
	250
	480
	270
	170
	200
	200
	90

	R4-080341

(Fujitsu)
	150
	120
	100
	200
	140
	100
	180
	120
	80
	100
	80
	60

	R4-080588

(TI)
	300
	255
	150
	375
	275
	200
	225
	200
	150
	375
	275
	200


Table 5-2: Cell identification for ETU 300Hz for synchronised case
	Tdoc Number

（Company）
	Case 1
	Case 2
	Case 3
	Case 4

	
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB

	R4-081136

(Qualcomm)
	160
	85
	50
	205
	100
	75
	60
	40
	30
	35
	25
	20

	R4-080357

(Motorola)
	140
	90
	70
	200
	130
	80
	110
	75
	50
	170
	115
	80

	R4-080159

(Ericsson)
	540
	160
	95
	305
	160
	95
	140
	100
	60
	145
	95
	55

	R4-080341

(Fujitsu)
	120
	80
	50
	120
	80
	60
	120
	80
	60
	80
	40
	40

	R4-080588

(TI)
	200
	150
	100
	400
	225
	125
	250
	150
	100
	350
	200
	125

	R4-080691

(Philips)
	280
	180
	140
	210
	160
	140
	190
	140
	90
	300
	190
	140

	R4-080979

(LG)
	130
	100
	70
	810
	640
	200
	440
	300
	250
	240
	140
	80


Table 5-3: Cell identification for AWGN for Unsynchronised case
	Tdoc Number

（Company）
	Case 5
	Case 6
	Case 7
	Case 8

	
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB

	R4-080728

(Nokia)
	40
	20
	20
	40
	20
	20
	40
	20
	20
	40
	20
	20

	R4-080341

(Fujitsu)
	80
	40
	20
	80
	40
	20
	80
	40
	20
	80
	40
	20

	R4-080588

(TI)
	150
	75
	50
	150
	75
	50
	150
	75
	50
	150
	75
	50


Table 5-4: Cell identification for ETU 5Hz for Unsynchronised case
	Tdoc Number

（Company）
	Case 5
	Case 6
	Case 7
	Case 8

	
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB

	R4-080728

(Nokia)
	110
	80
	70
	120
	90
	70
	120
	90
	70
	110
	80
	60

	R4-080341

(Fujitsu)
	140
	100
	80
	140
	100
	80
	140
	100
	80
	140
	100
	80

	R4-081136

(Qualcomm)
	75
	70
	40
	255
	120
	50
	105
	75
	75
	35
	20
	15

	R4-080588

(TI)
	300
	225
	150
	300
	225
	175
	300
	225
	175
	300
	200
	150

	R4-080691

(Philips)
	310
	240
	190
	340
	240
	190
	340
	240
	190
	310
	240
	190

	R4-080765

(Samsung)
	420
	350
	260
	420
	290
	230
	330
	260
	210
	410
	330
	290


