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1   Background
During RAN4#90bis meeting, demod simulation assumptions were discussed and a WF was agreed [1]. In this contribution, we present our simulation results and analysis.
2   Discussion
2.1   HST-SFN Bi-directional Channel with TM3 
Maximum Doppler
According to the analysis in [2], in Bi-directional HST-SFN channel model, with ideal conditions (no delay spread and RF impairment etc), the maximum Doppler shift that UE can track with LTE CRS pattern is 1165Hz. Based on this theoretical limit, in WF agreed in last meeting, there are two options for maximum Doppler shift, 1100Hz and 972Hz. 1100Hz was proposed based on UE side constraint, and 972Hz was proposed based on base station side constraint. 

However, the analysis in [2] didn’t take the oscillator residual error into consideration, which is ±0.1ppm in LTE. With this ±0.1ppm residual error, theoretical limit for maximum Doppler shift under bi-directional HST-SFN channel (still assuming no delay spread and other RF impairment) becomes:
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With fc = 2.3GHz, this theoretical limit becomes 1050Hz. Taking delay spread and RF impairment into consideration, we propose to limit maximum Doppler shift in bi-directional HST-SFN channel model to 972Hz.
Observation 1: By taking oscillator residual error, delay spread and other impairment margin into consideration, maximum Doppler shift should be limited to 972Hz.

Proposal 1: Select 972Hz as maximum Doppler shift for bi-directional HST-SFN channel model.
Simulation Results
We simulate TM3 under bi-directional channel with maximum Doppler shift = 972Hz with MCS 12-16, and present results in Figure 2‑1. We can observe that UE can not achieve maximum throughput with MCS 14 or larger, hence we propose to select MCS 13 for bi-directional channel with maximum Doppler shift 972Hz test.
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Figure 2‑1 HST-SFN Bi-directional model simulation results
Observation 2: UE can not achieve maximum throughput with MCS >= 14.
Proposal 2: Select MCS 13 for bi-directional channel with maximum Doppler shift 972Hz test.
2.2   Additional Tests for Single Tap HST and Multipath Channel
HST-SFN Bi-directional channel has Doppler spread twice as maximum Doppler shift since the two dominant paths are from opposite direction when UE is around the midpoint of two RRHs. This is the maximum Doppler spread we can observe in any of the practical channel models, including single tap HST and multipath channels, being discussed under HST scenario. Since Doppler is the bottleneck for performance in HST scenarios, if a UE with HST enhancement capability can pass test defined for HST-SFN channel, it is expected to pass any HST signal tap or multipath channel with reasonable Doppler spread profile tests, and these tests should not apply to this UE.
Observation 3: Additional single tap or multipath channel tests should apply only to UEs without enhanced HST-SFN capability.
For UEs without HST-SFN enhancement, we agree that single tap HST test may need to be defined to ensure UE can function in HST scenario with single tap channel. However, it is unlikely that a UE without HST enhancement can pass any multipath channel with the Doppler spread range corresponding to 500km/h train speed. Therefore, we propose not to define any multipath channel test for UE without HST demod enhancement capability. 
Observation 4: UE without HST enhancement capability is unlikely to pass multipath channel with train speed 500km/h speed. 

Proposal 3: Define HST single tap channel model test only applicable to UE without HST demod enhancement capability. Do not define multipath channel for Rel-16 HST WI. 
2.3   Additional Test for DMRS Based Transmission
In [3], a base station frequency compensation scheme for enabling DMRS transmission in HST-SFN scenario was proposed, to achieve better network capacity by MU-MIMO. With perfect frequency compensation, it is argued in [3] that Doppler spread across two dominant paths can be reduced to zero. This significantly improves DMRS performance. In the proposal, it is also mentioned that CRS and UERS are not QCLed anymore, hence UE demodulation solely relies on base station to compensate frequency offset. 
Implementation of this frequency compensation scheme is very complicated due to the following reasons: 
· Base station is required to estimate the frequency offset from UL signal and compensate it on DL transmission before IFFT. 
· Test equipment is required to make the same changes as above in order to run enhanced HST-SFN tests. 
· UE will need to have two tracking loops based on DMRS (for delay spread estimation, SNR, …) and CRS (for RRM measurements, AGC, TTL). Moreover, it also needs to have a switching algorithm to turn the new DMRS tracking on and the legacy FTL tracking off depending on whether it is in HST-SFN coverage or not.  
Observation 5: DMRS frequency compensation scheme has high implementation complexity for base station, test equipment and UE.
Besides implementation complexity, the major challenge in this scheme is whether base station can accurately estimate the Doppler shift on DL based on UL signal. Consider the HST model in Figure 2‑2. Denote the frequency offset observed by UE, before base station applying any frequency offset compensation, by [image: image4.png]LY —



. Note that [image: image6.png]LY —



 is a function of Doppler shift on both paths p0 and p1. We analyze [image: image7.png]LY —



 in the following:

Before UE gets closer to the midpoint m0, p0 is the dominant path, we have

[image: image8.png]= —fnax €056y
Afuz st = —Fme




After UE passes m0 for large enough distance, p1 is the dominant path, we have 
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When UE is close to m0, both paths p0 and p1 have large influence on  [image: image10.png]LY —



, and its value depends on UE tracking loop implementation. From the above analysis, we know that [image: image11.png]LY —



 can go from -fmax to fmax. 
The frequency offset observed in base station (red RRH) from the UE is 
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Ideally, base station wants to apply [image: image13.png]for o COSB,



 to its transmission signal to UE to offset Doppler shift observed by the UE. However, since base station does not know [image: image14.png]LY —



, it can not derive [image: image15.png]for o COSB,



 from [image: image17.png]


. It is very complicated to estimate [image: image18.png]LY —



,especially without knowledge of UE location. If base station blindly applies [image: image19.png]—Afse



 to DL signal, an additional frequency offset of [image: image21.png]—AfyE popt



 is introduced to UE, and once UE locks on DL signal frequency, this frequency offset appears on UL signal, and gets sign flipped again on DL signal. Therefore, frequency offset observed by UE can never converge to zero.
Observation 6: In HST-SFN model, DL Doppler shift compensation by base station is not feasible based on the UL frequency offset estimation.
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Figure 2‑2 HST model for received signal frequency offset at base station
Even if we assume a genie base station that can perfectly compensate Doppler shift on DL signal, in the field with device impairment, on high speed train we could have multipath UL/DL with many NLOS paths, and we should take random UE/base station oscillator frequency error into consideration. 
We first consider the effect of random frequency error, which is within ±0.1ppm. With center frequency of 2.3GHz, the random frequency error can go up to ±230Hz. Note that we assume demodulation is without frequency offset compensation from FTL, because FTL is running on CRS. In Figure 2‑3, we can observe that with a residual frequency offset of 230Hz, we see a 1.6dB loss at 70% throughput point, compared to 0 residual frequency offset. This simulation is with TM9 rank1 MU-MIMO, MCS = 18. 
Observation 6: Residual frequency error of 230Hz introduces 1.6dB degradation at 70% throughput point in HST-SFN channel with perfect frequency compensation from base station.
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Figure 2‑3 Bi-directional channel model in TM9 with non-ideal Doppler shift compensation
When we consider multipath channel model, base station can only estimate the frequency offset of the dominant path on UL and apply it to DL signal. However, dominant path on DL does not necessarily have the same Doppler shift as UL, and there could be other paths with similar signal strength with different Doppler shift. Therefore, this frequency compensation scheme can at most reduce the Doppler spread but can not reach zero Doppler spread as stated in the proposal. We present our simulation results on multipath channel with base station frequency compensation in Figure 2‑4. EVA channel is used here because it has delay spread close to HST-SFN channel. In additional to multipath results, we add CRS(TM3) with similar code rate under HST-SFN channel, which has maximum Doppler shift of 875Hz, namely, Doppler spread of 1750Hz. 
From the figure, we can observe that if base station frequency compensation scheme can achieve zero Doppler spread, we see the best UE performance. However, even with small Doppler spread like 30Hz, we see significant UE performance degradation. All the curves are below CRS HST-SFN curve, except a few lower Doppler spread curves in high SNR region. In 70% throughput points we observe 3dB to 11.5dB loss, from Doppler spread 70Hz to 400Hz. Note that in the multipath simulations, DMRS(TM9) performance is worse than CRS in HST-SFN because of disabling FTL tracking and sparser DMRS pattern compared to CRS.
Observation 7: More than 3dB loss at 70% throughput point is observed in DMRS base station frequency compensation scheme under EVA channel, compared to CRS under HST-SFN channel which has much higher Doppler spread.
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Figure 2‑4 Multipath scenario with base station frequency compensation
Note that in above simulations we haven’t modelled the effects of non-QCLed CRS and UERS on time and channel gain tracking loops and measurement procedures. Since CRS and UERS are now with different frequencies, the timing and gain tracking loops and measurement accuracy might be degraded. In fact, it is very risky for UE to solely rely on base station to compensate for any potential frequency offset, given the various impairment in baseband, RF component and random nature of channel in real field. However, if we want to run tracking loops on UERS, it requires very significant changes on UE, and turning off and on UERS tracking between HST-SFN and non-HST-SFN scenario is even more challenging compared to not running any tracking loops based on UERS.
Observation 8: Implementation of tracking loops on UERS requires significant change for UE implementation.

Also note that without accurate CSI feedback information to exploit spatial domain, MU-MIMO can not significantly increase network capacity by pairing two users and allocate one layer to each user in one RE. TM3 with TDM can support the same number of users as MU-MIMO. Moreover, with additional UERS and CSIRS overhead, MU-MIMO has lower theoretical maximum throughput and higher code rate than TM3. For example, for CFI = 2, MCS 13, 10MHz, fully allocated scenario, TM3 has maximum throughput of 22.9Mbps with code rate 0.44, but MU-MIMO only has combined throughput of two UERS of 22.1Mbps with code rate larger than 0.48.
Observation 9: MU-MIMO can not increase much network capacity without accurate CSI feedback information and with UERS and CSIRS overhead.

Proposal 4: Do not introduce DMRS based test for Rel-16 HST.
2.4   Benefit of Uni-Directional Channel 
Uni-directional channel model is an option listed in [1]. We show our simulation results below. The system parameters follow the ones in TS36.101 8.2.9.1 test, with Ds=1000m and Dmin = 50m. The angle of main lobe is 5o. UE under uni-directional channel has better performance across different train speeds (Doppler) compared to bi-directional channel model, as shown in Figure 2‑5. Maximum throughput can be reached under uni-directional model when maximum Doppler reaches 1250Hz. 

The superior performance under uni-directional channel for high maximum Doppler is explained in the following. First, in uni-directional channel dominant path is always from RRH behind UE, hence no sudden change of twice maximum Doppler shift frequency which can go beyond FTL tracking bandwidth. Besides FTL tracking, the degradation we observed in bi-directional channel in high Doppler is due to the Doppler spread between two dominant paths. On the other hand, in uni-directional channel, the dominant paths are on the same direction, and the Doppler spread between two paths are small. Therefore, with uni-directional channel model, CRS channel estimation can accurately track the frequency and channel gain to reach better performance compared to bi-directional channel model. Note that unlike in bi-directional results we presented in [2], DMRS based transmission achieves maximum throughput and good performance under uni-directional channel (Figure 2‑6).

Observation 10. UE can reach maximum throughput when maximum Doppler reaches 1250Hz in both CRS and DMRS transmission mode under uni-directional channel model.
Proposal 5. RAN4 to consider uni-directional channel model due to the observed performance enhancement and insensitivity to Doppler.
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Figure 2‑5 Simulation results for unidirectional and bi-direction channel
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Figure 2‑6 DMRS based transmission under uni-directional HST channel
3   Conclusion
Observation 1: By taking oscillator residual error, delay spread and other impairment margin into consideration, maximum Doppler shift should be limited to 972Hz.

Proposal 1: Select 972Hz as maximum Doppler shift for bi-directional HST-SFN channel model.
Observation 2: UE can not achieve maximum throughput with MCS >= 14.

Proposal 2: Select MCS 13 for bi-directional channel with maximum Doppler shift 972Hz test.
Observation 3: Additional single tap or multipath channel tests should apply only to UEs without enhanced HST-SFN capability.
Observation 4: UE without HST enhancement capability is unlikely to pass multipath channel with train speed 500km/h speed. 

Proposal 3: Define HST single tap channel model test only applicable to UE without HST demod enhancement capability. Do not define multipath channel for Rel-16 HST WI. 
Observation 5: DMRS frequency compensation scheme has high implementation complexity for base station, test equipment and UE.

Observation 6: In HST-SFN model, DL Doppler shift compensation by base station is not feasible based on the UL frequency offset estimation.
Observation 7: More than 3dB loss at 70% throughput point is observed in DMRS base station frequency compensation scheme under EVA channel, compared to CRS under HST-SFN channel which has much higher Doppler spread.

Observation 8: Implementation of tracking loops on UERS requires significant change for UE implementation.

Observation 9: MU-MIMO can not increase much network capacity without accurate CSI feedback information and with UERS and CSIRS overhead.

Proposal 4: Do not introduce DMRS based test for Rel-16 HST.
Observation 10. UE can reach maximum throughput when maximum Doppler reaches 1250Hz in both CRS and DMRS transmission mode under uni-directional channel model.
Proposal 5. RAN4 to consider uni-directional channel model due to the observed performance enhancement and insensitivity to Doppler.
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