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Introduction
In RAN #78, workplan corresponding to Rel-14 WI “Performance enhancements for high speed scenario” has been approved [1]. One of the objectives of the WI is to specify demodulation performance requirements, if needed, for high speed scenarios. In this contribution, we provide comments regarding choice of MCS that should be used to test the reference receiver in a bidirectional SFN channel.
Discussion
The purpose of testing UE’s demodulation performance in a bidirectional SFN channel is to ensure that as the UE moves between the two RRHs, it is able to sustain reasonable throughput. On the UE side, bidirectional SFN channel is challenging because the two paths from the consecutive RRHs are rotating in opposite directions. The UE tracks the dominant path well and accordingly corrects for its doppler as frequency error. However, when the weaker of the two paths is of relatively reasonable strength compared to the dominant path, channel estimation is bottlenecked resulting in degradation of SNR available for demodulation. In Figure 1, we show the BLER of our ‘modified legacy UE’ as a function of the distance when the RAN4 power normalized SFN channel model is used with Ds = 1000, Dmin = 10, fd = 750Hz, UE speed = 350Kmph and SNR = 30dB. We note a sudden increase in the BLER for MCS 19 when the UE reaches close to 300mts away from the first RRH. However, there is no such increase in BLER for MCS 16. Hence, while the UE’s performance completely degrades if fixed MCS 19 was scheduled, it does not degrade if MCS 16 was scheduled. 
Observation 1: UE performance degrades only when it is closer to the middle of the two repeaters. Also, such degradation is observed only if high MCS values are scheduled closer to the middle of the two repeaters.
An advanced receiver like HeUE can possibly support MCS 19 or even higher, when the UE is closer to the middle of the two repeaters. However, it is important to understand whether the UE will be indeed scheduled a high MCS closer to the middle of the two repeaters in realistic deployments.  In a realistic deployment of SFN channel, there will be a large variation in the received power level (or equivalently the SNR at the UE) as the UE moves along the track. The received SNR at the UE is likely to be largest when it is closer to one of the RRHs and smallest when it is close to the middle of the two RRHs. The actual location where the received SNR will be maximum and minimum will depend on the antenna patterns at the RRHs. In Figure 2, we show the received SNR as a function of the distance from the RRH for a bidirectional SFN channel with Ds = 1000, Dmin = 10 (without any normalization). We note that the received SNR rapidly decays as the UE moves away from the RRH. In fact, the received SNR between 300 and 700 meters away from the first RRH is about 30 dB lower than that closest to the RRH. With such large variation in SNR levels, the throughput optimizing MCS will not be the same across all locations.
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Figure 2. BLER as a function of the distance of the UE from the first RRH for various MCS values when Ds = 1000, Dmin = 10, fd = 750Hz, speed = 35Kmph
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Figure 1. Relative SNR as a function of the distance of the UE from first RRH in a birderctional SFN channel with Ds = 1000, Dmin = 10
To optimize throughput, network will have to adjust the MCS based on link-adaptation, which will likely result in a low MCS being scheduled when the UE is closer to the middle of the two repeaters and higher MCS being scheduled when it is closer to the middle of the two repeaters.
Observation 2: In a realistic bidirectional SFN deployment, received power will significantly vary as the UE moves between the two RRH. The throughput optimizing MCS (even with genie channel estimation) when UE is closer to the middle of the two repeaters will be much lower compared with the one when it is closer to the RRH.
In the light of Observation 2, it is apparent that testing a UE with high MCS scheduled to it when it is in the middle of the two repeaters, is putting it through an artificial condition that will likely not exist in realistic scenarios. We re-iterate that the purpose of testing a UE’s demodulation performance in an SFN channel should be to ensure that its throughput does not completely degrade, and is rather aligned to the received SNR. When UE is closer to the middle of the two repeaters, there is a 30dB (see Figure 2) reduction in SNR compared to when it is closest to the RRH. While network service providers can offer input on the actual received power levels as a function of the distance from the RRH in realistic deployments, it seems safe to assume that the SNR will be fairly low (around 10 -12dB). Accordingly the MCS scheduled will also be low, which is what really needs to be tested in bidirectional SFN channel.
Proposal 1: A low MCS value should be used to test UE’s performance in SFN channel. Considering the 30dB drop in SNR when the UE is closer to the middle of the two repeaters we propose that MCS 16 should be used for testing reference receiver’s UE demodulation performance.

Conclusion
In this contribution, we make the following observations
Observation 1: UE performance degrades only when it is closer to the middle of the two repeaters. Also, such degradation is observed only if high MCS values are scheduled closer to the middle of the two repeaters.
Observation 2: In a realistic bidirectional SFN channel, received power will significantly vary as the UE moves between the two RRH. The throughput optimizing MCS (even with genie channel estimation) when UE is closer to the middle of the two repeaters will be much lower compared with the one when it is closer to the RRH.
Accordingly, we have the following proposal
[bookmark: _GoBack]Proposal 1: A low MCS value should be used to test UE’s performance in SFN channel. Considering the 30dB drop in SNR when the UE is closer to the middle of the two repeaters we propose that MCS 16 should be used for testing reference receiver’s UE demodulation performance.
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