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1 Introduction
At RAN4#76bis a proposal [1] was put forward about pre-compensation of Doppler on the downlink before transmitting the signals to the UE. The proposal was not accepted, mainly due to that only a single group of UEs with respect to mobility could be supported.
In this contribution we point out some further complications that indicates that it may be challenging even to support a single group of UEs. 
2 Pre-compensation in Bidirectional SFN
The proposed solution [1] to the performance degradation on the downlink in the zone around the midpoint between two RRHs in a bidirectional RRH arrangement, Figure 1, consists of compensating for Doppler shifts before transmitting the signals 
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Figure 1: 
SFN with bidirectional RRH arrangement. Blue beam: UE experiences a negative Doppler shift. Red beam: UE experiences a positive Doppler shift.
This pre-compensation would significantly improve the CIR in the zone midways between RRHs since the UE would receive signals from both RRHs without frequency offset between them. Moreover it would put less stress on the AFC functionality in the UE since there would only be one frequency to track and hence a legacy UE would potentially achieve a demodulation performance that is on par with a HeUE.

However, there are some complications with this scheme. As already pointed out in [1] the compensation applies for all UEs in the coverage, hence one cannot adapt the Doppler compensation per UE. The reason is that – different to the uplink – all UEs are depending on the whole DL system bandwidth for channel estimation and decoding of PDCCH. Typical high-speed train set configurations such as Shinkansen N700 comprise 8 or 16 cars of 25m each, leading to train sets that are 200 or 400m long. In practice it means that the pre-compensation needs to follow the group average rather than individual UEs, further leading to that at constant UE speed the frequency compensation is static.
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Figure 2: 
Doppler shift when the UE is passing a site from left to right with transmissions in both directions along the track (Ds=1000m, Dmin=10m, v=350km/h). 
When the UE passes an RRH site the UE will experience a Doppler shift according to Figure 2. Pre-compensation would be able to compensate for the Doppler offset experienced before passing the RRH and after passing the RRH, but would not be able to compensate for the Doppler experienced when passing the RRH site.
[image: image3.emf]Position

D

s

/2 D

s

3D

s

/2

F

r

e

q

u

e

n

c

y

 

o

f

f

s

e

t

 

[

H

z

]

-800

-600

-400

-200

0

200

400

600

800


Figure 3: Frequency offset experienced when passing the RRH. The discontinuity corresponds to twice the pre-compensation.

The effect of Doppler compensation when passing an RRH site is shown in Figure 3. Before and after passing the RRH the UE experiences essentially zero frequency offset on the downlink. When passing the RRH the Doppler shift gradually changes from positive to negative sign, but due to the Doppler pre-compensation applied by the eNodeB, the UE will experience a gradually increasing negative frequency offset which abruptly changes to a gradually decreasing positive frequency offset. The abrupt change is in the order of twice the Doppler shift, or 1750Hz, which is close to the capture range of the AFC (2kHz).
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Figure 4: Bidirectional RRH arrangement using commercial 60º antenna. (red) positive Doppler, (blue) negative Doppler.
A bidirectional deployment based on conventional commercial 60º antennas is illustrated in Figure 4. The figure highlights one of the problems when passing the RRH: The UE rapidly loses coverage of one beam and gains coverage of a next beam. The transition is more distinct than in a system without Doppler pre-compensation where the signal conditions change more gradually in the zone midways between two RRHs that are separated by an inter-site distance Ds.
Observation 1: Existing high-speed train sets are typically 200 or 400m in length, meaning that Doppler pre-compensation cannot be tailored per UE. The UEs at the front and at the end of the train will experience highly varying Doppler conditions, particularly when the train is passing a RRH site. Hence in practice a static Doppler pre-compensation that depends on the speed of the train has to be used.

Observation 2: When a UE is passing a RRH site the frequency offset it experiences abruptly goes to a negative value corresponding to the full Doppler pre-compensation. Once the UE has passed the RRH this changes abruptly to a positive value corresponding to the full Doppler pre-compensation. Hence there is an abrupt change of frequency offset of up to twice the Doppler pre-compensation value. At a speed of 350km/h and 2.7GHz this corresponds to an abrupt change of 1750Hz, which is close to the AFC capture range of 2kHz.  
When the frequency offset change is close to the AFC capture range there is a substantial risk that the UE will experience a wrap-around in the frequency offset estimator, by which it will tune its demodulation frequency towards an incorrect target. This may lead to significant drop of performance and/or radio link failure. Given that the frequency offset transient is of short duration, there is a possibility that UEs will be able to resist following the abrupt changes, e.g. by low-pass filtering the frequency offsets over a sufficiently long time before adjusting the PLLs (instantaneous frequency offsets may for instance be compensated digitally without changing the demodulation frequency reference).
Proposal 1: Before going further with Doppler pre-compensation, information shall be collected from UE vendors on the UE behaviour when subjected to abrupt frequency offset changes. The information shall comprise feasibility of Doppler pre-compensation in legacy implementation (up to and including Rel.12) and foreseen feasibility of Doppler pre-compensation in Rel.13 UEs.

3 Conclusion

In this contribution we have looked in to some challenges with Doppler pre-compensation in bidirectional SFN. The following observations were made:

Observation 1: Existing high-speed train sets are typically 200 or 400m in length, meaning that Doppler pre-compensation cannot be tailored per UE. The UEs at the front and at the end of the train will experience highly varying Doppler conditions, particularly when the train is passing a RRH site. Hence in practice a static Doppler pre-compensation that depends on the speed of the train has to be used.

Observation 2: When a UE is passing a RRH site the frequency offset it experiences abruptly goes to a negative value corresponding to the full Doppler pre-compensation. Once the UE has passed the RRH this changes abruptly to a positive value corresponding to the full Doppler pre-compensation. Hence there is an abrupt change of frequency offset of up to twice the Doppler pre-compensation value. At a speed of 350km/h and 2.7GHz this corresponds to an abrupt change of 1750Hz, which is close to the AFC capture range of 2kHz.  

As we see a risk that certain UE implementations will lose frequency tracking when passing an RRH site, we propose to collect information from UE vendors on their view on the feasibility. Hence we make the following proposal:
Proposal 1: Before going further with Doppler pre-compensation, information shall be collected from UE vendors on the UE behaviour when subjected to abrupt frequency offset changes. The information shall comprise feasibility of Doppler pre-compensation in legacy implementation (up to and including Rel.12) and foreseen feasibility of Doppler pre-compensation in Rel.13 UEs.
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