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1. Introduction
In RAN4 #75, RAN4 agreed on a new propagation channel model for SFN deployment for high speed train [1]. Also simulation assumption to evaluate UE demodulation performance in SFN channel was agreed in [2]. In this contribution, we provide simulation results for PDSCH demodulation performance in SFN channel and our view on specification of corresponding performance requirements. 
2. Discussion
2.1. SFN channel model
SFN channel agreed in [1] is simplified channel model for SFN deployment of LTE network along high speed train railroad. Channel model has two distinct multipath taps with time varying Doppler shift, relative power and time delay that represents signals transmitted by two nearby repeaters. Figure 1 shows how Doppler shifts, relative power and time delay varies over time when Ds=500m, Dmin=5m, v=350km/h and fd=750Hz. Note that relative power is normalized so that total power is constant over time as discussed in the email discussion. 
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Figure 1. Doppler shift, time delay and relative power of taps in SFN channel model
Table 1. Channel configurations for evaluation

	
	Low speed
	High speed 1
	High speed 2

	Ds (m)
	500
	500
	500

	Dmin (m)
	5
	5
	5

	Velocity (km/h)
	30
	350
	350

	Maximum Doppler shift
	75
	750
	850


Table 1 summarizes channel configurations to be used in the simulation. 
2.2. FMCS simulation

We first evaluated link level performance with fixed MCS simulation to focus on pure PDSCH demodulation performance. Following parameters are used in the simulation. 
· System bandwidth: 10MHz

· Transmission mode: TM3

· Antenna configuration: 2x2

· PDSCH scheduled in SF 1,2,3,4,6,7,8,9
· 50 PRB allocation in PDSCH SFs

· CFI: 2

· MCS: 4, 8, 12, 16, 20, 24

Figure 1 shows simulation results for different mobility conditions. First, we can see that PDSCH demodulation performance in channel with 850Hz maximum Doppler shift is unstable since frequency tracking loop sometimes diverges when UE moves around mid-point of two adjacent repeaters. When UE is close to repeater corresponding to tap 1, UE’s frequency tracking loop will be locked to Doppler shift of 850Hz. As UE moves to center of two repeaters, signal from other repeater with effective Doppler shift of 1.7 kHz gets stronger and starts to interfere tracking loop operation. Note that frequency tracking loop operation relying on CRS symbol becomes unstable when effective Doppler shift approaches 2 kHz since UE can discriminate frequency up to 2 kHz from adjacent CRS symbols. 
PDSCH demodulation performance in channel with 750Hz maximum Doppler shift is relatively stable but still shows significant performance degradation compared to 75Hz maximum Doppler shift. Frequency tracking loop operation is now stable since effective maximum Doppler shift is reduced to 1.5 kHz and thus has some margin against pull-in range of CRS based frequency discriminator. However, channel estimation algorithm cannot simultaneously track channel variation of both channel taps, which leads to large performance degradation as shown in the case of higher MCS.
Observation 1. For UE that is near mid-point of two repeaters, 

· When maximum Doppler shift is 850 Hz, frequency tracking loop may diverge due to limited frequency offset discrimination range of CRS. 

· When maximum Doppler shift is 750Hz, UE can maintain frequency tracking loop but large performance degradation is observed relative to 75Hz Doppler shift due to channel estimation error. 
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Figure 1. PDSCH throughput in SFN channel with fixed MCS scheduling 

2.3. Link adaptation simulation
We also evaluated link level performance with link adaptation under following assumption. 

· 10MHz system bandwidth

· Transmission mode: TM3

· Antenna configuration: 2x2

· PDSCH scheduled in SF 1,2,3,4,6,7,8,9

· 50 PRB allocation in PDSCH SF

· CFI: 2

· MCS selection based on WB CQI feedback

· OLLA is enabled in the eNB
Simulation results is shown in figure 2. Similar to fixed MCS simulation, we can observe large performance degradation for 750Hz maximum Doppler shift compared to 75Hz maximum Doppler shift. Performance degradation is caused by channel estimation error when UE is near mid-point of two adjacent repeaters. 
[image: image8.emf]-10 -5 0 5 10 15 20 25 30 35 40

0

10

20

30

40

50

60

RAN4 SFN channel, Link adaptation

CINR (dB)

PDSCH Throughput Mbps

 

 

Doppler shift=750Hz

Doppler shift=75Hz


Figure 2. PDSCH throughput in SFN channel with link adaptation
2.4. Specification of performance requirement

From the simulation results, we observed that maintaining good frequency tracking is challenging when maximum Doppler shift is close to 1 kHz. This is mainly caused by discrimination range of CRS-based frequency offset estimator. 750Hz seems to be the maximum frequency offset UE can handle without concern for frequency tracking loop divergence. Therefore, RAN4 channel model for SFN deployment should consider 750Hz as maximum Doppler shift. 
Proposal 1. Maximum Doppler shift of RAN4 SFN channel model should not be larger than 750Hz. 

We also observed that UE cannot track channel variation of both channel taps due to large effective frequency offset when frequency tracking loop is locked to stronger tap. When channel estimator cannot track channel from weaker tap, it will act effectively as interference to the stronger tap and thus degrade overall CINR. It is unlikely that higher MCS can be used when UE is near center of two repeaters. 
Proposal 2. RAN4 should consider challenge in channel estimation in SFN channel with large Doppler shift when specifying minimum performance requirement. 
3. Conclusions

In this contribution, we provide simulation results for PDSCH demodulation performance in SFN channel and our view on specification of corresponding performance requirements. Our observation and proposal is
Observation 1. When UE is near mid-point of two repeaters, 

· When maximum Doppler shift is 850 Hz, frequency tracking loop may diverge due to limited frequency offset discrimination range of CRS. 

· When maximum Doppler shift is 750Hz, UE can maintain frequency tracking but large performance degradation is observed due to channel estimation error. 

Proposal 1. Maximum Doppler shift of RAN4 SFN channel model should not be larger than 750Hz. 

Proposal 2. RAN4 should consider challenge in channel estimation in SFN channel with large Doppler shift when specifying minimum performance requirement. 
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