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Introduction
[bookmark: _Hlk1051087]A study item on LTE performance enhancement under high speed scenario was approved in RAN#80 meeting [1]. In this contribution, we present some considerations on the BS performance requirements for the Study on performance enhancements for high speed scenario in LTE [2].				
Discussion
One of the main challenges for a UE travelling at high speed is the Doppler shifts which results in abrupt changes of frequency offset when passing the serving cell (e.g. using conventional split antenna arrangement), and at handover between source and target cells. The total frequency shift can be in the order of several kilohertz, putting stress on the UE’s frequency tracking functionality and increasing the risk for radio link failure (RLF). Although the handover as such can be avoided by single frequency networks where adjacent RRHs along the track are using the same PCI and hence span the same cell, it will still be challenging for the UE since it will experience two equally strong paths when midways between two RRHs, where one path is at a positive Doppler shift and the other path at a negative Doppler shift. As presented in [2], the key to guarantee the BS demodulation performance in the high speed scenario is to correctly conduct the Doppler frequency tracking. To improve the BS demodulation performance for SFN scenario, it is desirable for BS to separately estimate the Doppler shift and compensate it for the received signal on each RRH separately.
Linked to the high Doppler shift due to high speed and higher carrier frequency (fc > 2.6GHz), inter-carrier interference (ICI) will become severe. For OFDM system, when the channel is varied in one OFDM symbol, subcarriers will no longer be orthogonal.  This loss of subcarrier orthogonality causes inter-carrier interference (ICI).  Usually, the system design uses enough subcarrier spacing to mitigate potential ICI.  The LTE system design ensures small inter-carrier interference at reasonable Doppler shifts to meet the speed requirement between base station and UE.  As the channel’s variation becomes significant, as in high speed scenarios, the ICI will be increased as an alternative interference source to impact receiver’s link performance.
Observation 1: the key to guarantee the BS demodulation performance in the high speed scenario is to correctly conduct the Doppler frequency tracking. 
The network deployment considered in [2] to provide a nearly constant Doppler shift without sign alternation is the unidirectional SFN one. The Unidirectional SFN scenario is based on the use of directional antennas and where it therefore can be controlled at which point a UE leaves one beam and enters the next. The intention is to provide a stable downlink carrier frequency as experienced by the UE when travelling at high speed. This can be achieved by arranging the RRHs in such manner that the strongest signal received by the UE has a nearly constant Doppler shift without sign-alternation. A stable downlink frequency as experienced by the UE leads to that uplink transmissions from the same UE are received by the RRHs with a nearly constant frequency offset. Additionally, all UEs travelling onboard the same train share the same Doppler and frequency offset characteristics. 
Receiving the DL from a single direction implies that the UE would experience a virtually constant Doppler shift towards which it tunes its downlink carrier frequency and its internal reference frequency. When transmitting on the uplink, the UE uses an UL carrier frequency that displays the same Doppler shift. When the transmitted signal is received by an antenna in the opposite direction, the signal propagating from the UE towards the RX antenna will display essentially the same Doppler shift, but with opposite sign and as a result the signal received by the antenna will be at nominal UL carrier frequency and without Doppler shifts most of the time. 
Moreover, in the preparation of [2], different simulation results were provided showing that high throughput can be achieved also at speeds of 500km/h with legacy UE, using unidirectional SFN. This is important since legacy UEs will be around for many years to come and it would be undesirable to have legacy UEs in a high-speed train network consuming the bulk of system capacity on overly robust encoding and retransmissions.
Observation 2: As mentioned in [2], the Unidirectional SFN scenario is intended to serve both existing HST requirements (support of UE speeds up to 350km/h) and future potential requirements (support of UE speeds higher than 350km/h; evaluation carried out at 500 and 750km/h). Besides, and according to [2], it is important to note that:
· The existing high speed train (HST) demodulation requirements in 8.2.3 of TS36.104, which verify the estimation and compensation of the Doppler shift in the dynamic channel model, could be applied to BS supporting SFN scenario.
· 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 the new BS demodulation performance requirements for the SFN scenario.

Simulation
The setups used in the simulations are shown in Table 1, and the network deployment is illustrated in Figure 1. The antennas are oriented along, but rotated 5º towards, the track. FBR and FSR of about 30dB
[image: ]
[bookmark: _Ref431499741]Figure 1: Unidirectional RRH arrangement used for simulation. Ds/Dmin is 1000m/30 m and 500m/15m, respectively. The antennas are slightly rotated towards the track to improve the signal quality. Time skewing is applied.
Two inter-site distances Ds are investigated: 500 and 1000m. The ratio between Ds and the track-to-RRH distance is kept the same, and the two Dmin used are 15 and 30m, respectively. During the simulations the UE passes multiple RRHs. Simulation results for the Unidirectional RRH arrangement are shown in Figure 2 and Figure 3 for Ds 500m and Dmin 15m, and Figure 4 and Figure 5 for Ds 1000m and Dmin 30m, for BW 5 and 20MHz, respectively.
[bookmark: _Ref427583525]


Table 1: Simulation parameters
	Parameter
	Value

	Ds [m]
	500
	1000

	Dmin [m]
	15
	30

	SFN configuration
	Unidirectional

	Beam rotation towards track
	5º 

	RRH time skewing
	2.35µs

	UE velocity [km/h]
	350
	500
	750
	350
	500
	750

	Max Doppler [Hz] 
	875
	1250
	1875
	875
	1250
	1875

	UE Receiver
	Realistic receiver, 2RX

	DL bandwidth [MHz]
	5
	20
	20
	5
	20
	20

	DL TX ports
	1 TX

	Outer loop link adaptation
	On
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[bookmark: _Ref431293061][bookmark: _Ref431293106]Figure 2: Throughput for legacy UE at speeds 350 and 500km/h (Ds 500m, Dmin 15m, BW 5MHz)
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[bookmark: _Ref431500851]Figure 3: Throughput for legacy UE at speeds 350, 500 and 750 km/h (Ds 500m, Dmin 15m, BW 20MHz)
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[bookmark: _Ref431500853]Figure 4: Throughput for legacy UE at speeds 350 and 500km/h (Ds 1000m, Dmin 30m, BW 5MHz)
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[bookmark: _Ref431293071]Figure 5: Throughput for legacy UE at speeds 350, 500 and 750km/h (Ds 1000m, Dmin 30m, BW 20MHz)
Corresponding results for the same UE operating in a Bidirectional RRH arrangement with ideal antennas are shown for reference. For both inter-site distance alternatives the pathloss when going from one RRH to the next is 30dB, meaning that only when the transmit signal levels are such that the maximum SNR is above 30dB, the minimum SNR will be above 0 dB.
The simulations consistently show good performance for the unidirectional RRH arrangement, with only a small degradation for higher UE speeds. Even for 750km/h the achieved performance is close to the maximum throughput, which is about 18 and 75Mbps for 5 and 20MHz bandwidth, respectively.
Observation 3: With a unidirectional RRH arrangement UE speeds of at least 750km/h can be supported while still achieving acceptable throughput (above 80% of the theoretical maximum).
Conclusion
In this contribution, we have presented a some considerations on the BS performance requirements for the Study on performance enhancements for high speed scenario in LTE [2].	The following observation has been made:

Observation 1: the key to guarantee the BS demodulation performance in the high speed scenario is to correctly conduct the Doppler frequency tracking. 
Observation 2: the Unidirectional SFN scenario is intended to serve both existing HST requirements (support of UE speeds up to 350km/h) and future potential requirements (support of UE speeds higher than 350km/h; evaluation carried out at 500 and 750km/h).

Observation 3: With a unidirectional RRH arrangement UE speeds of at least 750km/h can be supported while still achieving acceptable throughput (above 80% of the theoretical maximum).
Based on these observations, we make the following proposal:

Proposal 1: Focus the work of the SI on performance enhancements for high speed scenario in LTE un the Unidirectional SFN scenario.
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