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1 Introduction
In RAN4#74bis meeting, high speed scenarios and corresponding parameters are identified [1][2]. This paper tries to analyse the identified scenarios from RRM requirements perspective.
2 Discussion
2.1 Description and Parameters for high speed train scenarios
In order to facilitate the further analysis, the indentified scenarios description and detailed parameters are duplicated as follows:

· Scenario 1
· RRHs are connected to one BBU with fiber 

· Multiple RRUs share the same cell ID

· No repeaters instalment 

Table 2.1-1: Parameters for Scenario 1 [1]
	Parameter 
	Value 

	Carrier FrequencyNote1 
	2.6GHz 

	RRH Railway track distance 
	300m 

	Distance between RRH 
	1km;1.5km 

	Cell ISD 
	2km (2 RRHs connect to 1 BBU)
3km (2 RRHs connect to 1 BBU)

	RRH height (compared to railway track) 
	25m 


· Scenario 2

· Scenario2a: 

· RRHs or RAUs is deployed through fiber in tunnel environment

· RRHs or RAUs share the same cell id

· Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.
· Scenario 2b:

· RRHs or RAUs is deployed through fiber in tunnel environment 

· RRHs or RAUs use the different cell id

· Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.
· Scenario 2c:

· Leaky cables are used to extend the signal through the tunnel environment
· Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.
Table 2.1-2: Parameters for Scenario 2a, 2b, 2c [2] 
	Parameter 
	Value 

	Carrier Frequency Note1 
	2.1GHz 

	RRH Railway track distance 
	9 meters 

	Distance between RRH 
	3km 

	Leaky cable length (in case they are used in the tunnel instead of RRH)
	1.5km

	RRH or leaky cable height (compared to railway track) 
	8m 

	Note1:800 and1800MHz are also applied in the practical deployment, 2.1GHz is chosen as the evaluation parameters because of higher Doppler shift.


· Scenario2d: 

· RRHs or RAUs is deployed through fiber in tunnel environment

· RRHs or RAUs share the same cell id

· Repeaters are not installed on the carriage

· Scenario 2e:

· RRHs or RAUs is deployed through fiber in tunnel environment 

· RRHs or RAUs use different cell id

· Repeaters are not installed on the carriage

Table 2.1-3: Parameters for Scenario 2d and 2e[2]
	Parameter 
	Value 

	Carrier Frequency 
	1800MHz and 2100MHz

	RRH Railway track distance 
	closest: 1m, farthest: 9m

	Distance between RRH 
	500m

	RRH height (compared to railway track) 
	lowest position: 2.5m


· Scenario2f:
· RRHs or RAUs is deployed through fiber in tunnel environment

· RRHs or RAUs share the same cell id

· CPEs are installed on the carriage and distribute signal inside the carriage

Table 2.1-3: Parameters for Scenario 2f [2]
	Parameter 
	Value 

	Carrier Frequency 
	2.6G Hz

	RRH Railway track distance 
	4~5m

	Distance between RRH 
	3km

	Distance between RRU/RAU (inside tunnel)
	1km 

	RRH height (compared to railway track) 
	4~5m


· Scenario 2g:
· Leaky cables are used to extend the signal through the tunnel environment

· No Repeaters/CPE are installed on the carriage

Table 2.1-4: Parameters for Scenario 2g[2]
	Parameter 
	Value 

	Carrier Frequency 
	1800MHz & 2100MHz

	Leaky cable Railway track distance 
	9m

	Distance between line amplifier 
	500m

	Leaky cable length (in case they are used in the tunnel instead of RRH) 
	3km

	Leaky cable height (compared to railway track) 
	2m


· Scenario 3

· In a portion of the high speed outdoor coverage, eNB are installed through the railway on same frequencies as public network coverage
· In the remaining cases, the railway is covered with public network only.
· Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.
Table 2.1-5: Parameters for Scenario 3[2] 

	Parameter 
	Value 

	Carrier Frequency Note1 
	1800 MHz 

	eNB Railway track distance 
	10 meters 

	Distance between eNB 
	5km 

	eNB height (compared to railway track) 
	20m

	Note1:800 MHz is also applied in the practical deployment, 1.8GHz is chosen as the evaluation parameters because of higher Doppler shift.


· Scenario 4 

· Outdoor eNB installed through the railway on same frequencies as public network coverage

Table 2.1-6: Parameters for Scenario 4[2] 

	Parameter 
	Value 

	Carrier Frequency Note1 
	2600MHz 

	eNB Railway track distance 
	300m 

	Distance between eNB 
	3km

	eNB height 
	25m 

	Note1:800,1800 and 2100MHz are also applied in the practical deployment, 2.6GHz is chosen as the evaluation parameters because of higher Doppler shift.


It is agreed in RAN4#74bis [3],
· For scenario 2e, 2g and 4, the legacy channel model specified in TS36.104 and TS 25.104 can be applied. So the three scenarios could be regarded as existing scenarios. The performance of the three scenarios could be evaluated in the scope of objective 1 in the SI.
So excluded the existing scenarios, RRM impact analysis would focus on the remaining 7 scenarios in the following section. 
2.2 RRM requirements impact
· Cell Re-selection

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. So ISD of high speed deployment is one of the key parameters.
Observation 1: ISD of network deployment is one of the key parameters for cell re-selection requirements.
Side condition (Ês/Iot) is also important for these requirements. Come back to the identified high speed scenarios, they could be divided to 2 groups: 1 hop scenarios and 2 hops scenarios. For 2 hops scenarios, repeater is installed which could compensate the penetration loss. Consequently better side condition could be obtained in 2 hops related scenarios compared with 1hop related scenarios.
Observation 2: Better side condition of cell reselection could be obtained in 2 hops related scenarios compared with 1hop related scenarios.
· RLM
For Qout and Qin evaluation period in RLM, the evaluation period would impact the mobility performance. Herein taking Qout and Qin evaluation period in DRX as an example (see Table 7.6.2.2-1in TS 36.133), it is quite obvious that the evaluation time become stringent when the UE speed is high and the cell radius is small.  
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


As we know the signal levels (SINR) for Qout and Qin are important parameters as well. Thus the following observations could be obtained:
Observation 3: ISD of network deployment is one of the key parameters for RLM requirements.

Observation 4: Better SINR for Qout and Qin could be obtained in 2 hops related scenarios compared with 1hop related scenarios.
In addition, in legacy RLM link level simulation, AWGN and ETU 70 channel model are used. As new high speed scenarios emerge, new channel models are identified[4]. 
Observation 5: RLM performance shall be evaluated under new channel models.

· Measurement requirements in RRC_Connected state
The cell identification and measurement period are included in measurement requirements in RRC_connected state. The similar analysis is alike cell re-selection and RLM. The following observations could be obtained.
Observation 6: ISD of network deployment is one of the key parameters for measurement requirements in RRC-Connected state.

Observation 7: Better side condition could be obtained in 2 hops related scenarios compared with 1hop related scenarios.
Observation 8: Cell identification performance shall be evaluated under new channel models.

· Measurement Accuracy

As we know AWGN, EPA5 and ETU70 are used for RSRP/RSRQ accuracy evaluation in the past link level simulation. Since [4] identified new channel models, the RSRP/RSRQ accuracy shall be evaluated under these new channel models.
Observation 9: RSRP/RSRQ shall be evaluated under new channel models.
2.3 How to analyse 2 hops scenarios

From the scenarios collection, 2 hops scenarios include scenario 2a, 2b, 2c and 3. The 2nd hop of the four scenarios is leaky cable channel inside carriage. For leaky cable channel model inside carriage, some analysis was provided in the last RAN4#74bis meeting [5]
· The channel model from leaky cable inside the carriage to UE can be modelled by using multi-tap power delay profile: 

· Each tap can be modelled by complex Gaussian variable, thus the amplitude of tap is Rayleigh-distributed. 

· Doppler shift is zero for each tap. 

In our understanding, there is nearly no interference when leaky cable is used. Besides the distance between the leaky cable inside carriage to UE is quite close (about 1.5m), that implies the path loss is very low. Thus side condition (SINR) in leaky cable inside the carriage is quite high. The corresponding RRM performance in leaky cable inside carriage scenarios is quite good. So the impact of the 2nd hop in scenario 2a, 2b, 2c and 3 could be negligible.
Observation 10: The impact of the 2nd hop in scenario 2a, 2b, 2c and 3 could be negligible.

So for 2-hop scenarios, only 1st hop shall be considered, that is,
· For scenario 2: tunnel SFN of 1st hop shall be considered; 
· For scenario 2b: multi-antenna scenario of 1st hop shall be considered; 

Note: multi-antenna scenario is a legacy channel model which is defined in TS 36.104;
· For scenario 2c: Leaky cable outside carriage of 1st hop shall be considered;
· For scenario 3: open space HST scenario of1st hop shall be considered
 
Note: Open space HST is defined in TS 36.104.
2.4 Scenario analysis

Based on the above analysis, we take the below principles into account to pick out the scenarios which could be prioritized from RRM requirements perspective:
Principle 1: Scenarios with new channel models 

Principle 2: Scenarios with short ISD 

Principle 3: 1 hop scenarios is worse than 2 hops scenarios since the side condition of 1 hop scenario is lower.

A check list of scenarios and RRM requirements is provided and shown in Table 2.4-1.

Table 2.4-1 Check list of high speed scenarios and RRM requirements
	Scenarios
	ISD
	New channel model
	RRM requirements

	
	
	
	Cell re-selection
	RLM
	Measurement requirements in connected state
	Accuracy

	1 hop
	1: Open space SFN
	2km;

3km
	Y(SFN)
	Worst case for open space SFN
	Worst case for open space SFN
	Worst case for open space SFN
	Needed to be evaluated

	
	2d: Tunnel SFN
	1km
	Y(SFN)
	Worst case for Tunnel SFN
	Worst case for Tunnel SFN
	Worst case for Tunnel SFN
	Needed to be evaluated

	
	2f: Tunnel SFN CPE
	2km
	Y(SFN)
	
	
	
	

	2 hops
	2a:

Tunnel SFN- RP;

RP -UE_with leaky cable
	6km
	1st hop:Y(SFN);

2nd hop: Y (leaky cable inside carriage)
	
	
	
	

	
	2b: 
In tunnel: RRH_with different id- RP;

RP -UE_with leaky cable
	3km
	1st hop: N (multi-antenna);

2nd hop: Y (leaky cable inside carriage)

	
	
	
	

	
	2c: 
Leaky cable in tunnel- RP;

RP -UE_with leaky cable
	1.5km
	1st hop:Y(leaky cable outside carriage);

2nd hop: Y (leaky cable inside carriage)
	Worst case for leaky cable outside carriage
	Worst case for leaky cable outside carriage
	Worst case for leaky cable outside carriage
	Need to be evaluated

	
	3:

Open space eNB- RP;

RP -UE_with leaky cable
	5km
	1st hop: N (HST);

2nd hop: Y (leaky cable inside carriage)

	
	
	
	


Note1: Assuming 2 RRH connected to 1 BBU for both open space and tunnel SFN scenarios.
Note 2: CPE uses the commercial chipset, so the verification on CPE performance could be regarded as that on UE.
Note 3: Since repeater is installed outside the carriage, the penetration loss could be omitted, so the SINR is higher in 2 hop scenarios. So comparing scenario 2a, scenario 2d could be regarded as the worst case for tunnel SFN. 
Consequently, the following scenarios could be picked up as the typical scenarios and need to be studied for objective 2 in high speed SI:

-Scenario 1

-Scenario 2d

-1st hop of Scenario 2c 
Since both scenario 1 and scenario 2d are SFN channel, so we suggest use scenario 1 as an typical SFN scenario. So the following proposal is proposed:
Proposal 1: From RRM requirements perspective, Scenario 1 and 1st hop of Scenario 2c could be prioritized to be studied for objective 2 in high speed SI.
3 Conclusion
This contribution provides the analysis on the identified scenarios from RRM requirements point of view. The following proposal is proposed:
Proposal 1: From RRM requirements perspective, Scenario 1 and 1st hop of Scenario 2c could be prioritized to be studied for objective 2 in high speed SI.
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