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1 Introduction
In Rel-13/14 the performance for high speed scenario was enhanced [1,2]. The advanced receiver for downlink and the corresponding UE demodulation performance requirements were introduced to support SFN scenario. The cell identification and RRM measurement delay were shortened for idle mode and DRX mode and thus the DRX could be enabled for the high speed scenarios. The enhanced PRACH sequence group for high speed scenario was developed such that the even higher speed than 350km/h could be supported and the corresponding demodulation performance requirements were defined. And the PUSCH requirements under ETU600 were also specified.
Besides, the unidirectional scenario, the distributed antenna port solution and other solution to shorten the handover delay were proposed and discussed. Finally, due to some limitations of the existing high speed scenario and some drawbacks, those solutions were dropped.
In Rel-14, another work targeting at precluding the low speed users from the dedicated high speed train network was done in RAN2 by specifying a UE centric solution. UE is expected to report its velocity to network and based on that network decide whether to bar that UE from the dedicated network.
But in the future the even higher speed train is planed and will be widely deployed. In China, the magnetically-levitated trains (maglevs for short) was tested and deployed in Shanghai, which can reach the maximum speed of 431km/h. In Japan, the linear motor train is planed and will be launch in the near future, and the target speed is 500km/h or even higher. For such high speed trains, the tunnels will be deployed. The train will run within the tunnel. At least two tunnels will be deployed and in each tunnel the train will move in one direction.
Since LTE is deployed worldwide, we expected that the LTE system can also serve those high speed trains. Thus one target for further enhancement for high speed scenario is to support up to 500km/h in the current main stream LTE bands.

Besides, more and more users use the smart phone in the high speed train to download the movie and surf on internet. The demand of throughput is increasing. Thus we see the need of support CA in high speed scenario and maybe inter-frequency measurement enhancement, which was not done in Rel-14, would also be needed.

In the rest of this contribution, we will further elaborate on the motivation and provide the scope for the potential work item. 
2 Summary of Rel-14 WI for high speed enhancement
2.1 Scenarios
In Rel-13 SI for the high speed enhancement, the legacy scenarios where the public network is used to provide the high speed coverage and the ten new high speed scenarios were identified.
In TR36.878, the identified new scenarios were captured, including the SFN scenarios, where the multiple RRH-s are connected to one BBU to construct a large linear cell and the purpose is to reduce the frequency of handover, and the tunnel scenarios with leaky cable deployed, for which it was concluded that no special requirement is needed because the radial velocity between the train and the leaky cable is small and thus the Doppler shift is small, and the tunnel scenarios using repeaters.
Among all the scenarios, the legacy scenario and the SFN scenario were identified for the performance enhancement. The RRM and PRACH enhancement apply for both legacy scenario and SFN scenario, while the UE demodulation performance enhancement is mainly for SFN scenario.
For SFN scenario, the channel model with Doppler shift trajectory and tap delay profile was specified in TR36.878 and TS36.101. The Figure 1 below show the concept. The multiple RRH-s are distributed equidistantly along the track with the same Cell ID (connected to the same BBU). 
In that scenario, UE will receive the signals from different RRHs, and the signals received from different RRH are associated with the large Doppler shifts with the opposite signs. For example, when UE is located in-between RRH1 and RRH2 and moving from RRH1 to RRH2, UE will receive the signal from RRH1 with -872Hz and signal from RRH2 with +872Hz. As a result, UE needs to handle one +872Hz path and one -872Hz path in the Doppler frequency domain, which requires the advanced algorithms for time-domain filter for channel estimation.
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Figure 1: Deployment of HST-SFN in TS36.101 Annex B.3A
In the practical SFN deployment, there will be an overlapping region left between the cells with the different cell ID-s for handover purpose. In this overlapping region, UE on the high speed train can receive the signal from two cells and is expected to finalize the handover procedure. The size of this region will depend on the speed of the train. The faster the train moves, the larger the overlapping region.
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Figure 2: Overlapping region for handover between cell groups with different cells 
2.2 Enhancement specified until Rel-14
As mentioned in the introduction section, there are mainly three aspects for performance enhancement in the HST-SFN scenario in Rel-13/14 high speed performance enhancement SI/WI:
· Enhancement for RRM measurement in DRX mode in idle state and connected state for both legacy high speed scenario and HST-SFN
· Shorten the intra-frequency measurement period of cell re-selection in idle state (Section 4.2.2.3 of 36.133)
· Shorten the intra-frequency cell detection and measurement period with DRX configured in connected state (Section 8.1.2.2.1 and 8.1.2.2.2 of 36.133)
· Intra-frequency RSRP accuracy requirements in high Doppler conditions, i.e., EVA875 and HST875 (Section 9.1.2A of 36.133)
· Intra-frequency RSRQ accuracy requirements in high Doppler conditions, i.e., EVA875 and HST875 (Section 9.1.5A of 36.133)
· Enhancement for UE demodulation performance for HST-SFN scenario
· HST-SFN performance (Section 8.2.1.9 and Section 8.2.2.9 of 36.101)
· Enhancement for PRACH sequence to support higher Doppler shift for both legacy and HST-SFN high speed scenario.
· PRACH restricted sets Type B for high speed mode (Section 5.7.2 of 36.211)
· PRACH performance requirements for high speed mode restricted set Type B (Section 8.4.2.1 of 36.104)
RAN1, RAN2 and RAN4 are all involved in the standardization. In addition, those features would be supported from Rel-13 in a release independent way as specified in TS36.307.

In Rel-14 TEI, the new mechanism based on UE reported velocity was specified to preclude the low speed users from the dedicated high speed network.
2.3 Techniques which were discussed but not specified
In Rel-13/14 high speed enhancement SI/WI, there are a number of scenarios or techniques discussed. But because the WI focuses on the target to enhance the performance for the existing deployment in the practice, those techniques were discussed but dropped. And during the discussions, the pros and cons for each technique were analyzed.
Although those techniques were not specified in Rel-14, it would be still worthy to further look at them to see whether they can be used for the new scenario in Rel-16.

2.3.1 Unidirectional SFN scenario
In Section 6.4.3.3.1 of TR36.817, the unidirectional SFN scenario was proposed, where RRHs share the same Cell ID and beams are aligned in the same direction. The Figure 3 shows the idea for this scenario.
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Figure 3: Unidirectional SFN scenario (copied from TR36.878 Section 6.4.3.3.1)

The proponent proposed using the directional antenna to form the unidirectional cell coverage, which is shown in Figure 4.
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Figure 4: Utilization of directional antenna radiation pattern to ensure unidirectional coverage (copied from TR36.878)
It is expected that the Doppler shifts from different paths in this scenario will be approximately kept constant with UE moving along the track. Thus the UE does not need to support wide spread of Doppler shift components from different paths and has less complexity. In that sense, it was expected that the velocity even higher than 350km/h could be supported by LTE without significant change of physical layer and UE implementation.
During the discussion, some limitations were pointed out. 
Firstly, companies still thought there would still be impact on UE implementation. When UE approaches a RRH the Doppler shift will be changed from the a +/- maximum value to zero quickly, UE still needs to handle the larger Doppler shift. And the more effort on AGC adjustment is needed when UE is approaching a RRH from the previous one, since the signal level changes quickly when UE moves from the side lobe to the main lobe of the directional antenna for a RRH.
Secondly, the bidirectional SFN deployment had been used widely. Compared to the bidirectional SFN scenario, the coverage of uplink and downlink would shrink, because due to limitation of unidirectional antenna fewer RRHs can serve a UE.
Thirdly, using directional antenna only to ensure the unidirectional coverage may not be very stable especially in the open space. For example, if there is another train moving towards the target train, the electromagnetic wave would be reflected back and thus change the characteristics of unidirectional coverage.
Besides, if the antennas of all the RRHs are aligned with one direction, there is no overlapping zone to allow UE to handover from one cell group to the other one, as shown in Figure 5.
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Figure 5: Handover limitation for unidirectional scenario

2.3.2 HST RRH with distributed orthogonal antenna ports (DOAP)
The idea was captured in TR36.878 Section 6.4.3.4, i.e., One solution to improve UE demodulation performance in the HST SFN deployments is to use a combination of the SFN data signal (e.g. PDSCH) transmissions from different RRHs and orthogonal non-SFN reference signal transmission from different RRHs on orthogonal antenna ports (Distributed Orthogonal Antenna Ports).
Figure 6 provides the concept of this solution. In our view, the target is to construct a unidirectional coverage with respect to different antenna ports. The Doppler shift and power delay profile (PDP) observed on different antenna ports are not Quasi-collocated. UE is expected to estimate the Doppler shift and PDP separately for each antenna port.
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Figure 6: Conceptual diagram of distributed orthogonal antenna ports
One issue is that the OCC is used for each DMRS port. And the high speed will lead the loss of orthogonality between port 7 and port 8 such that the channel estimation could not be done accurately. Maybe the CRS based distributed orthogonal antenna port solution could be considered.
2.3.3 BS frequency pre-compensation
In TR36.878 a BS based solution called the BS frequency pre-compensation is introduced, in which BS will determine the downlink Doppler frequency to be compensated by estimating the uplink Doppler frequency using the uplink signal, e.g., PUCCH and PUSCH, and then compensate the frequency per RRH before transmitting in downlink.
This solution is based on BS implementation and reduces the processing burden on UE side. In the practical scenario, this solution was utilized and the performance is good according to the field data.
But the BS frequency pre-compensation discussed here is mainly based on the CRS transmission mode, and the frequency pre-compensation is conducted in a cell-specific manner. As a result, for the scenario where the train is passing one site, the UEs in the front of the train and in the rear of the train may observe the different Doppler frequencies. It would be difficult to properly compensate the Doppler shift for different users. Some solutions to address the above issue are provided in TR36.878.
2.3.4 Shortened assistant list of neighbour cells for cell identification
In WI, to shorten the cell identification delay, a method to provide the assistant list of neighbour cells to UE for cell identification was proposed. 
After discussion, it was thought that the UE behaviour for cell identification could not be changed, in other words, UE still needs to search the Cell ID-s outside the assistant list, because it cannot be guaranteed that only the Cells within the list will provide the service to a UE. So the cell identification delay should not be shortened correspondingly.
3 Scenarios under consideration for Rel-15
3.1 500km/h velocity 

Towards 2020, the even higher speed train system is being studied and planned. In China, the maglev train is operated in Shanghai as shown in the picture below, where the train runs on the bridge above the ground. And the maximum velocity reaches 431km/h. And in January of 2018 another maglev metro labeled as S1 line began operations. Although it is low speed maglev trains but it showed that the maglev train techniques become mature.
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Figure 7: Maglev train in Shanghai
In Japan, the “linear motor train” is considered [4,5]. It is a kind of maglev train. It is reported that the train will run within a tunnel. Over 90% of route is covered by the separate tunnel for each direction, say, in a tunnel the train is moving only in one direction. Thus at least two tunnels are needed to connect two cities.
The target speed is 500km/h (over 600km/h in experiment). The trains will be launched after 2020. The frequency range under consider include up to 3.5GHz. Both voice and data services would be supported.
In the near future, LTE system sill serves many users. Based on the above two high speed scenarios, we would like to consider using LTE to support the high speed scenario with up to 500km/h velocity.
3.2 CA

To further increase the throughput under the high speed scenario, the carrier aggregation could be used. Because the penetration loss of the train is large and there is inter-carrier interference (ICI) caused by high Doppler shift, the additional carrier would be another feasible way to provide the better downlink throughput. According to our testing, the downlink throughput could be increased by 70%~80%.
To ensure the good CA performance under the high speed scenarios, we would like to propose some enhancement. In Rel-14 the RRM enhancement applies only on PCC as shown in Figure 8 and Figure 9. So we would like to extend it to SCC in terms of RAN2 configuration signaling and RAN4 requirements. 
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Figure 8: The existing high speed enhancment signaling specifed in RAN2
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Figure 9: RRM requirements for high speed enhancement not being applied to CA (36.133)

The intention behind is to shorten the delay from the moment when the handover is triggered to the moment when the new SCC after the handover. For example, the user utilizes CA to enjoy high throughput and we hope that user can continue utilizing the CA without the noticeable interruption even if the handover happens.
3.3 Tunnel scenario and scenario without 100% guaranteed coverage 
To provide the good coverage in the tunnel, one solution is to use leaky cable. Since the propagation of the electromagnetic wave is always perpendicular to the moving direction of the train, the Doppler shift is close to zero. But the cost of the leaky cable would be very high.
The SFN deployment can also be used and some related scenarios were proposed and captured in TR36.878. To ensure the good coverage, the additional BS with directional antenna would be deployed near the entry of the tunnel.
But according to field testing, it seems difficult to 100% guarantee that there is no coverage hole. When unfortunately there is a coverage hole, UE will judge out-of-sync and trigger the RRC re-establishment. According to the specification, the long time is needed for RRC re-establishment:
TUE-re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH
Once the RRC re-establishment fails, UE will go into idle state. But because the train is moving with the high speed, the channel quality changes dramatically with time. Most likely the UE stays in the coverage hole for just a limited time, and then moves to the zone with good signal quality. So we hope that the UE in the high speed scenario does not rashly judge radio link failure.
The other case is that the high speed dedicated LTE network could not provide the good coverage somewhere, while the UTRA can provide the good coverage. Or in some area, network knows that the coverage is bad or the load is very high in LTE and re-directs UE to UTRA. In both scenarios, UE needs transfer from LTE to UTRA or the other way around. For those procedures, we hope that the delay could be shortened for the high speed scenario.
3.4 Summary of challenges for further performance enhancement in high speed scenario

In sum the challenges for high speed scenario performance enhancement include
· DL/UL performance degradation due to the target velocity up to 500km/h, including

· Tunnel scenario
· SFN scenario with the concurrent +/- high Doppler shifts
· CA not being fully supported
· Undesirable cell re-selection triggered by rash RLF judgment when there is temporarily coverage hole
· Latency for transferring from UTRA to LTE and/or from LTE to UTRA
Besides, to protect the investment of the operators, it is expected not to significantly change the physical layers of LTE for the purpose to improve the high speed scenarios. So in this potential WI, we would like to reuse the existing designs in 3GPP standard as much as possible, and focus on improvement of the receiver. Even for the receiver, we also would like to minimize the impact on UE side.
4 Proposed scopes for WI
In this section, we would like to provide the potential scope for the high speed enhancement. 
· In this WI, the following scenario will be considered

· The target speed is 500km/h

· The bands include up to 3.5GHz

· SFN scenario defined in TS36.101 and TR36.878 with bidirectional coverage for tunnel and open space 
· SFN scenario defined in TS36.878 with unidirectional coverage for tunnel and open space
· More discussion on how to specify the general unidirectional antenna pattern 

· In addition to SFN scenarios, other deployment scenarios are not precluded
· Investigate the downlink and uplink demodulation performance, and identify and specify the solutions to enhance the UL/DL demodulation performance under the above scenarios
· For uplink enhancement, the denser reference signals defined for V2V can be considered

· For downlink enhancement, the NR PT-RS like reference signal can be considered, and the schemes captured in TR36.878 can also be considered.
· Other solutions are not precluded.
· Investigate the RRM measurement performance, and identify and specify the solutions to enhance the RRM measurement performance under the above scenarios, if needed
· The schemes captured in TR36.878 can be considered.

· Other solutions are not precluded.
· Extend the RRM/demodulation enhancement to CA scenario
· Extend Rel-14 RRM enhancement to CA case at least
· Other solutions are not precluded. 
· Improve the robustness for RLM in the high speed scenario

· Investigate and improve issues in existing high speed scenario, if any
5 Conclusions

In this contribution, we summarize the enhancement and techniques discussed in the high speed scenario in Rel-13 and Rel-14. We show the new requirements for high speed scenario with up to 500km/h for LTE system in the near future, analyze the challenges in the tunnel scenario or the scenario without 100% ensured coverage, and also show the demand of support of CA under high speed scenario.
To meet those new requirements in the high speed scenarios, we propose a new WI, and the tentative scopes are also provided.
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