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1 Introduction
In the last RAN ad-hoc meeting, high speed scenario is captured in the output TR [1] with a note “Scenario to be further developed, as discussion is ongoing on link-level vs. system level evaluation].” An email discussion was kicked off after the RAN AH to discuss the attributes for this scenario. In the email discussion, CMCC prepared a draft document to address the attributes for high speed scenario. The content of this document is as follows:
The high speed deployment scenario focuses on continuous coverage along track in high speed trains. The key characteristics of this scenario are consistent user experience with very high mobility. In this deployment scenario, fixed base stations are located along track and UEs are located in train cargos. If the antenna of relay node for eNB-to-Relay is located at top of one cargo of the train, the antenna of relay node for Relay-to-UE could be distributed to all cargos.
	Attributes
	Values or assumptions

	Carrier Frequency*
	Macro only: Below 6 GHz (Tbc)

Macro + relay nodes: 
1) For BS to relay: Below 6 GHz (around 4 GHz)

For relay to UE: Above 6 GHz (around 30 GHz or around 70 GHz) and below 6 GHz (around 4 GHz)

2) For BS to relay: Above 6 GHz (around 30 GHz)

For relay to UE: Above 6 GHz (around 30 GHz or around 70 GHz) and below 6 GHz (around 4 GHz)

	Aggregated system bandwidth **
	[X] MHz (DL+UL) 

	Layout
	Option 1: Macro only

Option 2: Macro + relay nodes

	ISD
	Macro cell: ISD = 1732m

Small cell within cargo : ISD = 25m

	BS antenna elements
	Tx: Up to [32]
Rx: Up to [32] 

	UE antenna elements
	Relay Tx: Up to [8]
Relay Rx: Up to [8]
UE Tx: Up to [4]
UE Rx: Up to [4]

	User distribution and UE speed
	100% in train
20 UEs per macro cell
Maximum mobility speed: 500km/h

	Service profile
	Note: Whether to use full buffer traffic or non-full-buffer traffic is FFS. For certain KPIs, full buffer traffic is desirable to enable comparison with IMT-Advanced values.


*) The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.  A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range

**) The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.

In this contribution, we summarize the email discussions on high speed scenarios. Based on the comments received in the email discussions and the observations, updated text proposals are proposed in Annex of this contribution.
2 Summary of email discussions
In this section, the comments for each row of the table in Section 1 are summarized and the observation is given based on the comments.
1) The high speed deployment scenario focuses on continuous coverage along track in high speed trains. The key characteristics of this scenario are consistent user experience with very high mobility. In this deployment scenario, fixed base stations are located along track and UEs are located in train cargos. If the antenna of relay node for eNB-to-Relay is located at top of one cargo of the train, the antenna of relay node for Relay-to-UE could be distributed to all cargos.
Comments:

	DT
	Propose to replace cargos by carriages because cargo usually refers to the goods carried by the train.

	Telecom Italia
	It seems excluding other scenarios (like usage of repeaters inside tunnels for example). Or is it the idea to consider these details in the technical working groups?

	ZTE
	These details (other scenarios) in the technical working groups are reasonable.

	CMCC
	Agree with ZTE that other scenarios e.g., tunnels, could be left to later phase, e.g., in technical SI/WIs.


Observation 1: Need to replace cargos by carriages.
Observation 2: Fixed base stations are located along track and UEs are located in train cargos is the general scenario. Other scenarios like tunnels, could be left to later phase, e.g., in technical SI/WIs.
2)

	Carrier Frequency*
	Macro only: Below 6 GHz (Tbc)

Macro + relay nodes: 

Option 1) For BS to relay: Below 6 GHz (around 4 GHz)

For relay to UE: Above 6 GHz (around 30 GHz or around 70 GHz) and below 6 GHz (around 4 GHz)

Option 2) For BS to relay: Above 6 GHz (around 30 GHz)

For relay to UE: Above 6 GHz (around 30 GHz or around 70 GHz) and below 6 GHz (around 4 GHz)


*) The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.  A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range
Comments:
	Qualcomm
	No need to include option 2, especially for ISD=1732

	Huawei
	Agree with QC to remove high frequency case from BS to relay

	DT
	We think the feasibility higher frequencies do need to be studied in order to provide the high capacity per train that is anticipated.

	STRAIGHTPATH
	High frequency might also work well with high mobility.

	AT&T
	Higher overhead to track channels / beams, etc. and frequent handovers (due to small ISD) should be considered for high frequency.

	ETRI
	Option 2 (above 6GHz for eNB-relay) is highly indispensable in order to support numerous active users in the train.

	CATT
	Agree to delete Option 2.

	CMCC
	We need first study the two issues: if high frequency (>6GHz) can handle the Doppler effectively, and if only low frequency (<6GHz) can meet the capacity requirements. Then we can decide to include high frequency or not for BS to relay link.

	Orange
	Regarding the bands, we are fine with bands below 6GHz but of course there will be an aggregation of several bands to fulfill the capacity requirements.


The arguing point is whether to delete Option 2 or not. 

Delete: Qualcomm, Huawei, CATT
Not delete: DT, STRAIGHTPATH, ETRI
FFS: STRAIGHTPATH, CMCC, Orange

Observation 3: We need keep what it is at present and need further discussions.
3)

	Aggregated system bandwidth **
	[X] MHz (DL+UL) 


**) The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.
Comments:
	DT
	200 MHz for below 6 GHz, up to 1 GHz for above 6 GHz

	CATT
	200MHz for <6GHz， 1GHz for above 6GHz.


Observation 4: Follow [5G-AH-03] discussions
4)
	Layout
	Option 1: Macro only

Option 2: Macro + relay nodes


Comments:
	Qualcomm
	In case of Relay, both “outband” and “inband” relay operation, using different or shared spectrum/bandwidth, could be simulated when possible (e.g. inband when both links are below 6GHz).

	Telecom Italia
	We suggest the inclusion of the scenario with simple L1 repeater on board, that is a solution currently considered in commercial deployment

	Telecom Italia
	Full duplex inband relay operation could be simulated when possible

	Samsung
	If we simulate the case with a relay which is argued to be the typical deployment case (i.e. eNB-relay-UE), the eNB-relay link (from radio point of view) is a normal eNB to single mobile link. The relay-UE link would probably look very similar to the indoor deployment scenario from radio point of view so will not bring any additional insights. So basically what is new here is verifying one eNB-UE link at high UE speed?

	Huawei
	eNB-relay link might be the focus for eNB-relay-UE option.

Not necessary at this stage to include details such as inband and outband. Similarly for full duplex capability.

	ETRI
	In the case of the eNB-relay-UE option, the eNB-relay link is needed to be more focused rather than the relay-UE link.

	CATT
	Attributes, e.g., “outband” and “inband” relay operation should be defined in later SI stage.

	CMCC
	Option 1 should be the baseline, considering not all trains have relays on board.

For Option 2, if we find the macro-to-relay link is more challenging than the relay-to-UE link for some relay types, we agree that we can focus on the macro-to-relay link only.

	Ericsson
	We agree with focusing on the link between the base station and the train. To start with we could assume a relay on the train.

	Vodafone
	The relay on the train is most likely so modelling the eNB-relay link seems most important. A link level analysis is probably better for doing a focussed analysis of this.

	Orange
	Consider both BS to UE and BS to relay scenarios. They are both important scenarios.


Observation 5: Both options should be considered. 

Observation 6: For Option 2, most companies think BS to relay link should be paid more attention than relay to UE link.
Observation 7: Most companies think the technical details for relay, e.g., “outband” and “inband” relay operation, different or shared spectrum/bandwidth is out of the scope of this SI and should be left for RAN1 discussion.
5)

	ISD
	Macro cell: ISD = 1732m

Small cell within cargo : ISD = 25m


Comments:

	CATT
	1732m is a very typical value. We support 1732m at this stage

	Orange
	we recommend to start with 1732m and if we cannot achieve the requirements than we can evaluate lower values


Observation 8: 1732m ISD could be the starting point.
6)

	BS antenna elements
	Tx: Up to [32]

Rx: Up to [32] 


Comments:

	Qualcomm
	Figures in brackets should be based on [5G-AH-02] email discussion

	Huawei
	Figures in brackets may be left for RAN1 discussion

	CATT
	Aligned with TR values.

	CMCC
	Follow the discussions in [5G-AH-02]

	Orange
	Leave them for further RAN1 evaluation.


Observation 9: Follow [5G-AH-02] email discussion.
7)

	UE antenna elements
	Relay Tx: Up to [8]

Relay Rx: Up to [8]

UE Tx: Up to [4]

UE Rx: Up to [4]


Comments:
	Qualcomm
	Figures in brackets should be based on [5G-AH-02] email discussion

	Telecom Italia
	Should some hypotheses on relay/repeaters antenna numbers be added as well?

	ZTE
	we should not hypotheses on relay/repeaters antenna numbers

	Huawei
	Figures in brackets may be left for RAN1 discussion

	CMCC
	Number of antenna elements for UE can follow the discussions in [5G-AH-02].

Number of elements for relay can be left for RAN1 study.

	Orange
	Leave them for further RAN1 evaluation.


Observation 10: Number of antenna elements for UE can follow the discussions in [5G-AH-02].

Observation 11: Number of elements for relay can follow the discussions in [5G-AH-02] or be left for RAN1 study.
8)

	User distribution and UE speed
	100% in train
20 UEs per macro cell
Maximum mobility speed: 500km/h

	Service profile
	Note: Whether to use full buffer traffic or non-full-buffer traffic is FFS. For certain KPIs, full buffer traffic is desirable to enable comparison with IMT-Advanced values.


Comments:

	ZTE
	20 UEs/carriage is reasonable.

	Huawei
	“20 UEs per macro cell” was derived according to the NGMN white paper with 1000 passengers in a train and a 1% activity ratio, considering two trains moving in opposite directions. Our feeling is that this activity ratio may be unrealistically low. Perhaps a 5% or 10% activity ratio would be more realistic?

	DT
	We propose NGMN white paper should be used as the basis for the target user number per train with a possible relaxation in activity factor (e.g. 20%)

	ETRI
	At least 10% user ratio should be considered

	CMCC
	High user activation ratio should be assumed in trains, e.g, at least 10%.

	Ericsson
	Don’t understand the use of ‘user activation ratio’ as an input to the traffic calculations, as used here.

	Mediatek
	>10% activity ratio and 1000 passengers per high-speed train

	Orange
	500 users are more realistic, but we need of course to fix a relevant activity factor.

	MITSUBISHI
	An activity factor of 1% is too low. A more realistic user number should be determined. We should also take into account the case of 2 trains crossing in a given cell, meaning we can have up to 2000 people in the same area.


Observation 12: Most companies propose to assuming 1000 passengers per high-speed train and at least 10% activity ratio. 2 trains crossing in a given cell should also be considered.
9) Evaluation methods
There are some discussions on the evaluation methods for this scenario. It seems this is out of the scope if this SI.
Discussions:

	Samsung
	The same approach can be used as was used for IMT-A (see M.2134/M.2135 (section 7.2)), i.e., use rural scenario to get the SINR, and then perform link level simulations.

	Huawei
	For eNB-UE option, we think the differences from rural deployment scenario might be the user distribution: high-speed train scenario would have users distributed in a more constrained space (i.e., in cargo), while rural scenario has users distributed in wider space, and also note current assumption for rural is some of them are indoor which may have different penetration. These issues might have some impacts on the geometry distribution. 

	DT
	Evaluation can focus on link for external cell to relay/UEs, rather than relay to UE. It is hoped that link level simulations will be sufficient, using an appropriate cell edge SNR value.

	CATT
	In this scenario, BS layout is different from RMa, and Relay on train movement and distribution are also different from UE in RMa. So, it is predicted that the Geometry and SINR are different from RMa. In IMT-A evaluation, the method of LLS of 350Km/h with median SINR of RMa is in fact quite rough evaluation.  So, system level simulation is necessary to evaluated the performance not only the median SINR, but also all the coverage area. Relay-UE link should also be considered if we want to evaluate the handover performance in high speed train. System level can be considered. More than one relay per train can be considered.

	CMCC
	There seems some difference between rural (RMa) and high-speed scenario:

-BS topology and inter-cell interference in the two scenarios are different. This will result into different SINR distributions.

-User distributions for rural and high speed are obvious different.

-Penetration loss for indoor users in rural and for users in trains are different.

So it is better to use system-level simulation to model the real interference situation and user distribution, rather than use link level simulation to only consider e.g., 50% SINR. Due to the simulation workload, to use full system-level simulation or to use simplified system level (to obtain the SINR CDF considering the real topology and inter-cell interference) together with link level can be further discussed.

	Ericsson
	The BS deployment could well be different from RMa, but maybe still the RMa propagation models could be used. It would be nice if we could extract an SINR from system simulations or calculations, and run link simulations for that. It doesn’t need to be the 50th percentile.


Observation 13: Most companied agree the difference between rural and high-speed scenarios. Link level simulation is mandatory and it seems system level simulation is needed at least to get the practical SINR distribution. 
10) KPIs for this scenario:
There are some discussions on the evaluation methods for this scenario.

Discussions:

	ZTE
	Higher user activation ratio will take more challenges to system handover capability

	Mediatek
	User experience data rates sufficient to meet service requirements [xx Mbit/s DL and yy% UL]

	MITSUBISHI
	Besides the DL performance, UL performance at high speed should also be considered taking into account rail applications like real-time video from train to ground.


Observation 14: The proposed relevant KPIs for high speed scenarios include DL and UL user experienced data rate and system handover capability.
3 Conclusion

It is proposed to incorporate them into the TR of scenarios and requirement for next generation access technologies.
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Annex 
Text proposal to TR
-------------Start of text proposal-----------------
6.5
High speed
The high speed deployment scenario focuses on continuous coverage along track in high speed trains. The key characteristics of this scenario are consistent user experience with very high mobility. In this deployment scenario, dedicated linear deployment along railway line is considered and UEs are located in train carriages. If the antenna of relay node for eNB-to-Relay is located at top of one carriage of the train, the antenna of relay node for Relay-to-UE could be distributed to all carriages.
	Attributes
	Values or assumptions

	Carrier Frequency*
	Macro only: Below 6 GHz (Tbc)
Macro + relay nodes: 
1) For BS to relay: Below 6 GHz (around 4 GHz)

For relay to UE: Above 6 GHz (around 30 GHz or around 70 GHz) and below 6 GHz (around 4 GHz)
2) For BS to relay: Above 6 GHz (around 30 GHz)

For relay to UE: Above 6 GHz (around 30 GHz or around 70 GHz) and below 6 GHz (around 4 GHz)

	Aggregated system bandwidth **
	[5G-AH-03] MHz (DL+UL) 

	Layout
	Option 1: Macro only
Option 2: Macro + relay nodes***

	ISD
	Macro cell: ISD = 1732m

Small cell within carriages: ISD = 25m

	BS antenna elements
	Tx: Up to [5G-AH-02]
Rx: Up to [5G-AH-02] 

	UE antenna elements
	Relay Tx: Up to [[5G-AH-02] or left to RAN1 study]
Relay Rx: Up to [[5G-AH-02] or left to RAN1 study]
UE Tx: Up to [5G-AH-02]
UE Rx: Up to [5G-AH-02]

	User distribution and UE speed
	100% of users in train
[100] UEs per macro cell (assuming 1000 passengers per high-speed train and at least 10% activity ratio)
Maximum mobility speed: 500km/h

	Service profile
	Note: Whether to use full buffer traffic or non-full-buffer traffic is FFS. For certain KPIs, full buffer traffic is desirable to enable comparison with IMT-Advanced values.


*) The options noted here are for evaluation purpose, and do not mandate the deployment of these options or preclude the study of other spectrum options. A range of bands from 24 GHz – 40 GHz identified for WRC-19 are currently being considered and around 30 GHz is chosen as a proxy for this range.  A range of bands from 66 GHz – 86 GHz identified for WRC-19 are currently being considered and around 70 GHz is chosen as a proxy for this range
**) The aggregated system bandwidth is the total bandwidth typically assumed to derive the values for some KPIs such as area traffic capacity and user experienced data rate. It is allowed to simulate a smaller bandwidth than the aggregated system bandwidth and transform the results to a larger bandwidth. The transformation method should then be described, including the modelling of power limitations.
***) BS to relay link should be paid more attention than relay to UE link.
-------------End of text proposal-----------------
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