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1 Introduction
The high speed scenario SI is finalized and now we start with the WI. In this paper we try to summarize the content of the WI with special focus on demodulation. 
2 Scope of the WI
2.1 Scope according the WID
Below is the scope according the WID [1]
Objective of Core part WI

Based on the candidate solutions captured in TR36.878, the work item is to specify the requirements for UE RRM, UE demodulation and BS demodulation which were identified in SI stage. Target moving speed is at least 350km/h and at most 750km/h, depending on candidate solution. Supporting more than 350km/h is only considered for the unidirectional RRH arrangement and the frequency pre-compensation solution.
· Specify enhanced RRM requirements, under DRX configuration for idle mode in high speed scenarios. The evaluation of the candidate solutions shall be carried out. (RAN4)
· Specify enhanced RRM requirements in long DRX (no less than 160ms) for connected mode. The evaluation of the candidate solutions shall be carried out. (RAN4)
· Specify higher-layer signalling if the final solution introduces signalling in the above two bullets. (RAN2)

· Specify higher-layer assistance signalling for UEs complying with the enhanced downlink demodulation performance requirements under the high speed scenarios, if needed (RAN4, RAN2).
· The impact on RAN2 should be minimized. 
· Enhance the RACH performance under the high speed scenario (RAN1).
· The impact on RAN1 should be minimized. 
In order to complete the WI the requirements for at least 350 km/hr shall be developed.
Objective of Performance part WI

· Specify new test cases for enhanced RRM requirements in idle mode

· Specify new test cases for enhanced RRM  requirements in DRX in connected mode based on the outcome of the discussion of core requirements, if needed
· Specify RLM test cases for existing  high speed scenarios based on the outcome of the discussion of core requirements, if needed
· Specify RLM test cases under SFN channel with enhanced UE receiver based on the outcome of the discussion of core requirements, if needed

· Receiver robustness in other scenarios/channels should be considered.
· Specify the BS demodulation requirements under ETU600 for the existing high speed scenarios.

· Specify demodulation performance requirements for the downlink demodulation performance if needed, based on the following three candidate solutions provided in SI, including advanced receiver in high speed scenarios, BS frequency pre-compensation and Unidirectional SFN arrangement.
· Specify new CSI requirements considered for the final solutions to enhance the downlink demodulation performance, if needed.
· For the requirements with advanced receiver in high speed scenarios, the other receiver solutions showing comparable performance with the candidate solutions can be considered.
· Receiver robustness in other scenarios/channels should be considered.
· Specify corresponding BS PRACH demodulation performance requirements for the new defined PRACH solution.
3 Discussion

The conclusion of the Study Item is reported in [2] where all the studies during the SI are collected. The WI is, based on the results in the studyitem divided in two parts, one for trains slower than 350 km/h and one for trains faster than 360 km/h. These cases are discussed separately below. 
3.1 Coverage of the HST WI
3.1.1 Up to 350 km/h
There are many high speed trains today with a speed up to 350 km/h where the deployment of the LTE  already have been done. One of the main incentives for high speed trains is that railway transportation is more eco-friendly way of transportation than for instance air transportation. 

There are some performance problems for these LTE systems with legacy terminals at very high speed which has been studied in the SI. These issues needs to be resolved in this WI. 

In order to solve these issues there are issues for the RRM and mobility which are treated in [4] and [5], there are issues with the PRACH reception performance in the eNodeB and there are issues with the UE demodulation performance. It was shown during the SI that the frequency control (AFC) in the UE was sensitive to the bidirectional SFN deployment since the different paths have very big difference in Doppler frequency so the estimated frequency became unstable. 

Based on the performance evaluation of the bidirectional deployment it was concluded in [2] that performance enhancement needs to be considered. In the the study item report three enhancements are identified: 

· Advanced receiver in the UE, which can handle to problem for the frequency control for the bidirectional deployment.

· BS frequency precompensation, where the DL carrier frequency is adjusted to compensate for the Doppler frequency of a high speed train 

· Unidirectional SFN scenario where the UE and NodeB only receives one signals with one Doppler frequency, corresponding to the speed of the train 

The performance of the Advanced receiver and the Unidirectional deployment were studied by several companies during the SI phase and documented in [2] the BS frequency precompensation was proposed during the end of the SI phase and are therefore not studied as extensively. 

3.1.2 Speed higher than 350 km/h

There are a few high speed railways operating commercially at speeds higher than 350km/h (e.g. Shanghai Maglev reaches a top speed of 430km/h) and there are several projects all over the world where even faster trains are studied. In order to have more environmental friendly alternatives to airplanes also for longer distances the speed of the trains will increase, especially in dense areas. Due to that there is a big push for investing in very fast trains. In several European countries there is an ambition of shortening the travel time for inter-city trains in order to provide passengers with a competitive alternative to domestic or continental air traffic. The ongoing discussions concern both better utilization of existing railways and investments in new high-speed railways.

In the SI, the unidirectional deployment scenario was studied in order to target the object of trains with higher speed than 350 km/h. In the TR [2] it is shown that the performance for high speed is good.

Also the BS frequency precompensation can be used for higher speeds.  One critical issue with the BS frequency precompensation is that it can only deal with one train at a time. Therefore there are limitations when trains are meeting, there is a platform or there are other UEs outside the fast train close to the track . 

When doing frequency compensation in the DL, based on a fast train within the coverage. One problem is that the UE transmit frequency may have a very large offset when it is not on that train. 

Lets think about a UE, standing still on a platform close to the track and it connects to the DL. Then the frequency is assumed to be correct but it is in the order of 1kHz from the correct frequency. Then the UE transmits in the UL with 1 kHz frequency error or more for which the eNodeB in the UL has a bad performance. 

Then think about a UE on a meeting train. The DL becomes then has a frequency error of 2kHz or more if it manage to synchronize with it. Then in the UL another Doppler frequency error is added, which makes it quite impossible for the UL to work. Instead it will add some interference in the UL without any connection.
3.2 UE Performance
Objective of the WI: Specify demodulation performance requirements for the downlink demodulation performance if needed, based on the following three candidate solutions provided in SI, including advanced receiver in high speed scenarios, BS frequency pre-compensation and Unidirectional SFN arrangement.

· Specify new CSI requirements considered for the final solutions to enhance the downlink demodulation performance, if needed.
· For the requirements with advanced receiver in high speed scenarios, the other receiver solutions showing comparable performance with the candidate solutions can be considered.
· Receiver robustness in other scenarios/channels should be considered.
3.2.1 Scenarios

Proposal 1: 

Based on the discussion above it is proposed to start develop UE demodulation performance requirements for :

· HST at 350 km/h for UEs with advanced receivers for SFN scenarios with bidirectional deployment.

· For this case demodulation performance is needed, it should also be considered whether CSI requirements are needed. 

· HST at 350-500 km/h for future unidirectional deployments with legacy UE receiver

3.2.2 Transmission Modes

Proposal 2:  Since the propagation is LOS and the speed is high, CRS base transmission modes should be better than DMRS based transmission modes 

3.2.3 CSI

Proposal 3: The UE reporting of the CSI needs to be evaluated in order to possibly set new CSI requirements for the different scenarios including deployment and UE receiver. The CSI reporting was not studied in the SI phase.
3.2.4 UE Demodulation requirements
Proposal 4: The demodulation performance requirements can be based on the current requirements for TM3/4 in section 8.2 in  36.101. 
3.3 BS Demodulation Performance
We agree with the conclusion from the Technical report as it is stated in [2]: “The BS performance under SFN scenarios can be verified by the existing high speed train (HST) demodulation requirements in 8.2.3 of TS36.104. So there is no need to specify new BS demodulation performance requirements for the SFN scenario”.
3.3.1 ETU600
The TR [2] states the following options: 1: QPSK 1/3, 2: 16QAM 1/2, 4Rx, 3: 16QAM 1/2, 2Rx and that the selection of modulation schemes will be decided in the WI phase. 
3.3.2 BS PRACH Performance

The case below or equal to 350 km/h is covered by existing requirements. This was also concluded as stated above in 3.3. However the vase for more than 350 km/h needs to be analysed in the WI.  Several options are listed in [3].
4 Conclusions

Above the plan of the WI on LTE High Speed Scenarios is discussed. 
The proposals from Ericsson on the UE performance is 

Proposal 1: 

Based on the discussion above it is proposed to start develop UE demodulation performance requirements for :

· HST at 350 km/h for UEs with advanced receivers for SFN scenarios with bidirectional deployment.

· For this case demodulation performance is needed, it should also be considered whether CSI requirements are needed. 

· HST at 350-500 km/h for future unidirectional deployments with legacy UE receiver

Proposal 2:  Since the propagation is LOS and the speed is high, CRS base transmission modes should be better than DMRS based transmission modes 

Proposal 3: The UE reporting of the CSI needs to be evaluated in order to possibly set new CSI requirements for the different scenarios including deployment and UE receiver. The CSI reporting was not studied in the SI phase.
Proposal 4: The demodulation performance requirements can be based on the current requirements for TM3/4 in section 8.2 in  36.101. 
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