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1 
Introduction
In last RAN4#74 meeting the new SI of “Study on performance enhancements for high speed scenario in LTE“[1] was extensively discussed. And a way-forward to summarize the new high speed train scenarios provided by operators was agreed also [2]. 
In this paper we presented our further considerations on these high speed train scenarios in order to:

· Identify the appropriate channel models 
· Down-select the options in Scenario 2 [2]
· Overviews on the RRM impacts of these new scenarios
2 Discussion on further deployment parameters and channel models
For the new SI of performance enhancement for high speed scenario [1], there are 4 scenarios summarized in [2] for further investigation. As the next step, it is recommended to clarify further necessary deployment parameters to derive the feasible channel models for these new scenarios. 
2.1. Scenario1 [3, CMCC (R4-150554)] 
The key deployment aspects of Scenaio1 [3] are summarized below.

	· RRHs are connected to one BBU with fiber (multiple RRUs shares the same cell ID)
· No repeaters installment


Generally the channel model of Scenario 1 is more complicated than HST in Rel-12 [4] since there are multiple paths from multiple RRHs which are connected with one BBU. On the other hand, since these RRHs are operated on same frequency carrier and shared the same cell ID, the propagation channel between UE and each of RRHs can be modeled as a tap of this new channel model. That is the channel model in Scenario 1 can be represented by SFN channel model appropriately [5].Particularly, regarding to the channel models in RAN4 [11] are specified with the statistical Doppler shifts and power delay profile, SFN statistical channel model can be adopted to simplify evaluation works under high speed train scenarios [1].    
Observation 1: The channel model of Scenario 1 can be modeled as a statistical SFN channel model.

2.2. Scenario 2 [Telecom Italia, ITRI (R4-150018), Orange, NTT DoCoMo]
The key deployment aspects of Scenaio2 [2] are summarized below.

	· Tunnel environment
· RRH or RAU deployments based is deployed in long tunnel environment which should be considered

· Different options for the signal distribution through the tunnel
· Remote antenna units (RAUs) to extend eNB signal through fiber for tunnel environment.
· Leaky cables are used to extend the signal through the tunnel
· Different options for the signal distribution inside the carriage
· Cell ID in case of fiber use
· Remote antenna units (RAUs)  share the same cell id
· Remote antenna units (RAUs) have different cell id


Firstly it shall be noted that for Scenario 2 there are also numbers of options (e.g. cell ID assignment schemes) still being considered. Hence some of views on these alternatives are provided below.
· Different options for the signal distribution through the tunnel

Practically RAUs are desired to be deployed in the longer tunnel (e.g. >4km) [13], which can provide other benefits, e.g. remote management and power supply. But the leaky cable is cost-effective way to extend the signal coverage in the tunnel, and can be the better way in the shorter tunnels (e.g. <500m) or curved tunnels because of less signal power attenuation. 

Moreover in case of RAUs used to extend eNB signal for tunnel environment, it is more feasible to adopt same cell IDs for all RAUs to avoid the frequent handover between RAUs.
· Different options for the signal distribution inside the carriage

Repeaters installed on the carriage can provide the benefits below:  
· High reliability of the repeater
· Lower interference with operator’s network because the repeater can be operated in the different carriers.
Beyond the technical concerns of the repeaters, in some countries, e.g. China, the usage of repeater in the carriage shall be restricted.  
Additionally if the repeaters deployed in the same frequency carrier as the public network in Scenario 2, the 2-hop’s channel model need to be considered also.
Observation 2: For Scenario 2, a typical deployment options e.g. the way of signal distribution through the tunnel, may depend on the real tunnel environments e.g. 

· Tunnel size

· Wireless carrier usage restriction  
Compared with other wireless propagation channels widely used in 3GPP e.g. EPA, ETU, the propagation characteristics of wireless signal in the tunnel seem very different from the ones in the terrestrial wireless channel. This is largely due to the closed space of tunnel environments. The channel modeling for the tunnel environment has been discussed in numerous academic papers [6] [7]. Accordingly, in order to obtain the proper channel propagation parameters for Scenario 2 (e.g. tap delay profile), several key factors which may impact the tunnel channel modeling shall be considered. 
I. Operating frequency
One of the effects of operating frequency observed in [6] is the path loss. The experiment results of the received power in the tunnel environments reveal that signals with higher frequency attenuate slower. Another significant effect of operating frequency is the delay spread. As shown in Figure 1b, the delay spread in higher frequency is smaller.
[image: image1.png]-100

10

Received power (dBm)

120
-130
140
-150
-160
170

180[-..

190

0 o0 w00 260 200
Axial distance (m)
(a) Received power of 450 MHz and 900 MHz

signals in a road tunnel (the theoretical result is
displaced 75 dB downward).




Figure 1a. Received signal power in tunnels with 450MHz/900Mhz [6]
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Figure 1b. RMS delay spread at 500M/1500M [6]
II. Tunnel geometry
Theoretically the tunnel cross section has an important impact on attenuation rate as analyzed in [8], where effects of cross section of mine tunnel on the propagation characteristics of UHF radio wave are studied. For example, assuming the typical tunnel in Figure 2a is deployed. 
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Figure 2a. Typical tunnel cross section
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Figure 2b. Comparison of attenuation rate in arched tunnel and circular tunnel with equivalent area[14]
The general equation for radio signal attenuation in dB/m can be [8]: 
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Where “a” is the maximum tunnel width, “b” is the maximum height, and εr is the relative permittivity of the tunnel walls and floors. The value of coefficient “κ” varies with the shape of the tunnel: e.g. values κ=5.09, 4.343, 5.13 and 4.45 are used for circular, rectangular, arched and oval tunnels, respectively. As shown in Figure 2b, there is obvious difference between attenuation rates of the circular tunnel and arched tunnel when the carrier frequency is below 1000MHz.

The tunnel size has similar effects on the path loss and the delay spread as the operating frequency. Especially, the delay spread of the signal in larger tunnel is also larger, as shown in Figure 3.
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Figure 3. Power delay profile in tunnes with different tunnel size[6]
III. Antenna radiation pattern and position

As shown in [6], radio wave propagation along the tunnel also depends on the position, polarization and radiation pattern of transmitting and receiving antennas. And the two most important channel characteristics including path loss and power delay under different antenna pattern and positions are illustrated in Figure 4a and 4b.
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Figure 4a.Received power with different antenna position and polarization [6]
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Figure 4b.Power delay with different antenna position and polarization [6]
In summary, in Table 1 of [9] the measured RMS delay spreads impacted by the overall factors above are given. And the range of RMS delay in the different tunnel environments are highly diverse from 1ns to >200ns. 

[image: image9.png]TABLE I: Summary of measurements campaigns in different environments
with main parameters (f - frequency, B - bandwidth, and T s - RMS delay
spread.). Other relevant parameters can be found in the cited publications.

Environment f [GHz] | B [GHz] | Trums [ns]
Residence [7] 5 6 4.7-8.2
Indoor office [8] 53 0.053 30-50
Indoor Iab [9] ] 4 8-20
Commercial [[7] 5 6 5.5-8.2
Steel mill [[10] 1.89 0.5 298
Paper mill [10] 1.89 0.5 23
Subway tunnel 24 0.1 159-234
Road tunnel 52 0.1 20-100
Mine tunnel 1 02 20-50
Mine tunnel 24 05 14
Mine tunnel 24 02 274
Mine tunnel 2.4/58 02 I-15
Mine tunnel 35 3 11-29
Mine tunnel 24 02 L7
LiU tunnel 35 2 3-16





Observation 3: For more accurate modeling of statistical tunnel channels in Scenario 2, it shall be further clarified on the deployment parameters of the tunnel which can impact the channel propagation characters significantly, e.g.
I. Operating frequency

II. Tunnel shape and size

III. Antenna radiation pattern and position
2.3. Scenario 3 [Telecom Italia] and Scenario 4 [Orange, NTT DoCoMo]: 
The key aspects of Scenaio3 [2] are listed below.

	· Outdoor eNB installed through the railway on same frequencies as public network coverage
· Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.
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Figure 5. Propagation channels in Scenario 3
Since the repeater is deployed on the carriage, the channel model for Scenario 3 may be composed by two parts below:
· Outdoor channel between the eNB and the other receivers (e.g. repeaters and UEs inside the carriage)

In case of the eNBs are deployed same frequency as the public network, the outdoor channel model is similar to the channel model for Macro cell deployment in LTE (e.g. EVA).  
· Indoor channel within the carriage
For the indoor channel inside the high speed train the amplitude distributions of the taps can be model as Rice distribution because there is one dominant ray over all taps. Hence one of key parameters for the indoor channel model with Rice distribution “K-factor” shall be specified as for 3D MIMO channel in [10, Table 7.3-6, TS36.873]. 
Therefore, if the repeater deployed same frequency band with the eNB along the railway, for the UE in the high speed train the propagation channel can be modeled as the combination of the outdoor and indoor channel. As a result, the power delay profile for the channel of Scenario 3 can be as shown in Figure 6. 
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Figure 6. Example of the power delay profile of channel under Scenario 3
According the power offset between the peak tap of outdoor channel and that of indoor channel, the channel model of Scenario 3 can be simplified. For example, if such power offset is larger enough, only indoor channel needed to be considered. Otherwise, both indoor and outdoor channel shall be counted into.

Observation 4: The channel model of Scenario 3 can be simplified according the power offset between the peak tap of outdoor channel and that of indoor channel. 
2.4. Scenario 4 [Orange, NTT DoCoMo]: 

In comparison with Scenario 3, the major difference of Scenario 4 [2] is no repeaters installed on the carriage. When the signal transmitted from outside of train to the UE inside, the channel character is similar to that of outdoor channel. Therefore, the channel model for Scenario 4 can be same as the channel in [11] for Macro cell deployment mainly (e.g. HST).
Observation 5: The channel models specified in [11] can be utilized for Scenario 4. 
3 RRM impacts
For RRM requirements in TS36.133 [12], the most important parts include : cell search, radio link monitoring and RSRP/RSRQ measurement accuracy requirements. In principle if the new channel models to evaluated UE performance under high speed train scenarios are adopted, all these requirements for in RAN4 [12] may need to be studied because the cell detection performance , PDCCH/PCFICH demodulation performance related to RLM SNR threshold and RSRP/RSRQ measurement accuracy will be impacted by the higher Doppler frequency shift. 
Observation 6: Generally all RRM requirements in [12] shall be validated in the high speed train scenarios. 
However, for the cell search as studied in high Doppler scenario in TEI12 [15], assuming the non-coherent PSS/SSS detection algorithm used by the LTE receiver, the successful detection of PSS/SSS can be NOT sensitive to the high Doppler shift (e.g. >600Hz). On the other hand, the high Doppler spread effects can introduce more timing diversity gain for PSS/SSS detection. That is, the high Doppler in the high speed train scenarios may have little impacts on the cell search requirements. 

For radio link monitoring, the high Doppler shift will impact on BLER of PDCCH/PCFICH. Accordingly the RLM test case with new testing parameters (e.g. Qout and Qin) need to be introduced for the high speed train scenario in deed. Meanwhile, the RLM core requirements in 36.133 section 7 should be not rely on any specific RX demodulation performance improvement or degradation. Similarly the RLM core requirements of high speed train can be little impacted as in the high Doppler scenario in TEI12. 
Based on above analysis, we can conclude: 
Observation 7: In the new high speed train scenarios [2], the feasibilities of cell identification requirement and RLM core requirements of Rel12 can be considered with lower priority. 
4 Unified requirement for all scenarios
In general, multiple scenarios of this SI [1] can be further discussed in parallel according to operators’ deployment. For example, several new high speed scenarios are suggested to be studied in [2].
These scenarios [2] are different from the existing high speed scenarios in TEI12 (EVA600 and HST) definitely. However, in principle RAN4 could not define the requirements for the specific scenarios. At same time, the different scenarios should come with very different channel model and simulation assumptions. It may be challenged to thoroughly study all listed scenarios within the target time frame for this SI. 
Observation 8: It should be avoided to define the separate requirements for specific deployment scenarios.
From this view point, it is suggested to define a common requirement for all HST scenarios based on the worst case.
Proposal 1: A common requirements for all scenarios for HST should be defined.

5 
Conclusion
In this contribution, our further views on SI of Performance enhancements for high speed scenario [1] are presented. 

In conclusion, the following observations and proposals can be safely drawn: 
Observation 1: The channel model of Scenario 1 can be modeled as a statistical SFN channel model.

Observation 2: For Scenario 2, a typical deployment options e.g. the way of signal distribution through the tunnel, may depend on the real tunnel environments e.g. 

· Tunnel size

· Wireless carrier usage restriction  

Observation 3: For more accurate modeling of statistical tunnel channels in Scenario 2, it shall be further clarified on the deployment parameters of the tunnel which can impact the channel propagation characters significantly, e.g.

I. Operating frequency

II. Tunnel shape and size

III. Antenna radiation pattern and position
Observation 4: The channel model of Scenario 3 can be simplified according the power offset between the peak tap of outdoor channel and that of indoor channel. 
Observation 5: The channel models specified in [11] can be utilized for Scenario 4. 
Observation 6: Generally all RRM requirements in [12] shall be validated in the high speed train scenarios. Observation 7: In the new high speed train scenarios [2], the feasibilities of cell identification requirement and RLM core requirements of Rel12 can be considered with lower priority. 
Observation 8: It should be avoided to define the separate requirements for specific deployment scenarios.
Proposal 1: A common requirements for all scenarios for HST is more feasible.
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7 Appendix
7.1. Channel model in [11]

Table 7.3-6: Channel model parameters

	Scenarios
	3D-UMi
	3D-UMa

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	O-to-I

	Delay spread (DS)
log10([s])
	DS
	-7.19
	-6.89
	-6.62
	-7.03
	-6.44
	-6.62

	
	(DS
	0.40
	0.54
	0.32
	0.66
	0.39
	0.32

	AoD spread (σASD) log10([(])
	ASD
	1.20
	1.41
	1.25
	1.15
	1.41
	1.25

	
	(ASD
	0.43
	0.17
	0.42
	0.28
	0.28
	0.42

	AoA spread (σASA) log10([(])
	ASA
	1.75
	1.84
	1.76
	1.81
	1.87
	1.76

	
	(ASA
	0.19
	0.15
	0.16
	0.20
	0.11
	0.16

	ZoA spread (σZSA) log10([(])2)
	ZSA
	0.60
	0.88
	1.01
	0.95
	1.26
	1.01

	
	(ZSA
	0.16
	0.16
	0.43
	0.16
	0.16
	0.43

	Shadow fading (SF) [dB]
	SF
	3
	4
	7
	4
	6
	7

	K-factor (K) [dB]
	K
	9
	N/A
	N/A
	9
	N/A
	N/A

	
	K
	5
	N/A
	N/A
	3.5
	N/A
	N/A

	Cross-Correlations 
	ASD vs DS
	0.5
	0
	0.4
	0.4
	0.4
	0.4

	
	ASA vs DS
	0.8
	0.4
	0.4
	0.8
	0.6
	0.4

	
	ASA vs SF
	-0.4
	-0.4
	0
	-0.5
	0
	0

	
	ASD vs SF
	-0.5
	0
	0.2
	-0.5
	-0.6
	0.2

	
	DS   vs SF
	-0.4
	-0.7
	-0.5
	-0.4
	-0.4
	-0.5

	
	ASD vs ASA
	0.4
	0
	0
	0
	0.4
	0

	
	ASD vs 
	-0.2
	N/A
	N/A
	0
	N/A
	N/A

	
	ASA vs 
	-0.3
	N/A
	N/A
	-0.2
	N/A
	N/A

	
	DS vs 
	-0.7
	N/A
	N/A
	-0.4
	N/A
	N/A

	
	SF vs 
	0.5
	N/A
	N/A
	0
	N/A
	N/A

	Cross-Correlations 1)
	ZSD vs SF
	0
	0
	0
	0
	0
	0

	
	ZSA vs SF
	0
	0
	0
	-0.8
	-0.4
	0

	
	ZSD vs K
	0
	N/A
	N/A
	0
	N/A
	N/A

	
	ZSA vs K
	0
	N/A
	N/A
	0
	N/A
	N/A

	
	ZSD vs DS
	0
	-0.5
	-0.6
	-0.2
	-0.5
	-0.6

	
	ZSA vs DS
	0.2
	0
	-0.2
	0
	0
	-0.2

	
	ZSD vs ASD
	0.5
	0.5
	-0.2
	0.5
	0.5
	-0.2

	
	ZSA vs ASD
	0.3
	0.5
	0
	0
	-0.1
	0

	
	ZSD vs ASA
	0
	0
	0
	-0.3
	0
	0

	
	ZSA vs ASA
	0
	0.2
	0.5
	0.4
	0
	0.5

	
	ZSD vs ZSA
	0
	0
	0.5
	0
	0
	0.5

	Delay distribution
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian

	ZoD and ZoA distribution
	Laplacian
	Laplacian

	Delay scaling parameter  r(
	3.2
	3
	2.2
	2.5
	2.3
	2.2

	XPR [dB] 6)
	
	9
	8.0
	9
	8
	7
	9

	
	
	3
	3
	5
	4
	3
	5

	Number of clusters
	12
	19
	12
	12
	20
	12

	Number of rays per cluster
	20
	20
	20
	20
	20
	20

	Cluster ASD
	3
	10
	5
	5
	2
	5

	Cluster ASA
	17
	22
	8
	11
	15
	8

	Cluser ZSA2)
	7
	7
	3
	7
	7
	3

	Per cluster shadowing std  [dB]
	3
	3
	4
	3
	3
	4

	Correlation distance in the horizontal plane [m]3)
	DS
	7
	10
	10
	30
	40
	10

	
	ASD
	8
	10
	11
	18
	50
	11

	
	ASA
	8
	9
	17
	15
	50
	17

	
	SF
	10
	13
	7
	37
	50
	7

	
	
	15
	N/A
	N/A
	12
	N/A
	N/A

	
	ZSA
	12
	10
	25
	15
	50
	25

	
	ZSD
	12
	10
	25
	15
	50
	25

	NOTE 1:
DS = rms delay spread, ASD = rms azimuth spread of departure angles, ASA = rms azimuth spread of arrival angles, ZSD = rms zenith spread of departure angles, ZSA = rms zenith spread of arrival angles, SF = shadow fading, and K = Ricean K-factor.

NOTE 2:
The sign of the shadow fading is defined so that positive SF means more received power at UT than predicted by the path loss model.

NOTE 3:
The cross correlation values for ZSD, ZDA are based on WINNER+ and field measurements in sources WINNER+, R1-134221,R1-134222,R1-134795 , R1-131861 ,R1-132543, R1-132544, R1-133525 and adjustment is made to ensure positive definiteness.

NOTE 4:
ZSA and cluster ZSA values are reused from Winner+.

NOTE 5:
All large scale parameters are assumed to have no correlation between different floors. 
This is assumed for simplicity due to lack of measurement results although it may not represent the reality.

NOTE 6:   The value of XPR standard deviation for O-to-I 3D-UMi and O-to-I 3D-UMa is changed from 11 dB to 5 dB following the discussion in R1-150894.
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