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1 Introduction

During RAN4#83, the need for RAN4 RF requirements covering multi-numerology transmissions within the same “carrier” from the same basestation was discussed. In a Way Forward [1], it was agreed not to introduce RAN4 requirements in release 15 relating to transmission of data on different numerologies. The need for requirements relating to transmission of SS and data on different numerologies was left open to further discussion.
This contribution further considers potential interference between SS and data.
2 Discussion

Transmission of different numerologies on SS and data can take place in the downlink only. At the transmitter, interference between the SS and the data could potentially be manifested as EVM. At the receiver, selectivity requirements may be needed to separate the numerologies.

In a system performing beamforming, in particular for range 2, both the data channel and the SS may be beamformed. The data would in many cases be beamformed with a narrower beamwidth and higher EIRP than the SS. 
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If the data beam and the SS beam of interest do not coincide, then there is no interference between data and SS. Thus, interference between data and SS will only occur for a fraction of the subframe of the data channel.
Observation 1: For an NR system that performs TX beamforming, interference between data and SS may only occur for a fraction of the subframe of the data channel.
Interference from the data to the SS channel is only a concern if the user that is attempting to synchronize must use the SS beam that is aligned with the data beam.

Observation 2: For an NR system that performs TX beamforming, synchronization performance is only impacted if the user that is attempting to synchronize is in the same direction as the user receiving the data channel.

When the data and SS beams do coincide, then interference between the two may exist. In the most extreme case, where there is no beamforming, or beams for data and SS have the same beamwidth and exactly coincide then the data and SS will be received with equal power. Otherwise, if the data beamforming gain is larger than the SS, then the interference from data to SS will be higher than from SS to data.
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The SS needs to be designed to be received at least down to -6dB SINR. The figure below indicates the degradation to SS SINR caused by an interfering data numerology, assuming an SS SCS of 30khz and a data SCS of 15khz. It is assumed that the SINR of the SS is -6dB without interference. The power offset between SS and data represents the difference in received power due to beamforming gain. No spectrum utilization technique to isolate data and SS and no guard RB is assumed.
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It could be expected that the power difference between data and SS will be 0dB in a single TX system. In this case, the degradation to SINR is around 0.15dB. If the data channel experiences greater beamforming gain than the SS, then the effective SS SINR may decrease; e.g. up to around 1dB worse if the data channel has 9dB greater beamforming gain. However this worsening of the SS SINR only occurs if the data channel beam (which is intended for another user) is pointing exactly at the UE that is trying to search for the SS. The greater the beamforming gain difference, the more narrow will be the data channel and hence the lower the probability of this occurrence. Furthermore, any risk of degradation could be mitigated if the scheduler provides a 1RB guard between data and SS during subframes containing SS. Providing such a guard would not impact performance much, as SS is not transmitted in every subframe.
Thus in effect, even with no attempt at spectrum localization there would be a minor impact to SS performance with no beamforming and a more significant, but much lower probability impact to SS with beamforming, which could be overcome completely with only a minor capacity loss.

Further investigation may be needed on the overall impact of data channel to SS and PBCH missed detection performance in order to determine whether any sort of TX EVM and RX selectivity requirements are really needed.
Observation 3: This analysis suggests that the need for RF requirements on EVM and selectivity for protecting SS is pretty marginal. Interference to synchronization is low probability and can easily be mitigated without a significant system impact.
The figure below depicts the link level throughput performance of a data channel in the presence of an SS, considering subframes in which SS is present only and making the very pessimistic assumption that the interference occurs for the whole of the subframe. A 20 MHz carrier is assumed, and again several levels of power difference between data and SS are considered. No attempt at spectral confinement between the SS and data is made. The SS SCS is 30kHz and the data SCS 15kHz.
It is stressed that these simulations are highly pessimistic, because they consider interference from SS occurs for the whole subframe, every subframe. In reality, the impact to link throughput would be largely diluted by the fact that SS and data coincide in only part of the subframe and only in a fraction of subframes.

For high SINR, if the data channel and SS are received with similar power levels (i.e. no extra beamforming on data) then the throughput on the data channel can be somewhat compromised. If the data is more beamformed than the SS, degradation reduces significantly.

It is stressed that these simulations are highly pessimistic, because they consider interference from SS occurs for the whole subframe, every subframe. In reality, the impact to link throughput would be largely diluted by the fact that SS and data coincide in only part of the subframe and only in a fraction of subframes.
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At high SINR the interference can be mitigated by means of scheduling an RB of guard between data and SS. The figure below shows the impact of allowing 1-4 PRB guard, with data and SS on equal power. For comparison, the throughput in the case where data is significantly beamformed is included. Again, the simulations are highly pessimistic and throughput losses will in reality be much smaller on average.
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The PRB guard in the analysis uses the data numerology, 15 kHz SCS.  To overcome the interference of the SS and with no beamforming present for the data signal, a a 1 PRB guard can be used. This is only necessary if the data is not beamformed more than the SS.  
Thus it can be observed that interference between data and SS can only occur in a specific set of circumstances:

· No beamforming

· High SINR on the data channel

· Only in subframes in which SS is transmitted

The simulations above are highly pessimistic in that they consider throughput loss in SS subframes only and also considers that interference occurs during the entire subframe, whereas most subframes are not degraded and even in degraded ones, the interference does not last for the whole subframe. Even in these cases, the scheduler can leave an RB guard to avoid interference if really needed such as cases at high SINR.

Considering that the impact of the SS to data only applies in a limited set of circumstances and is likely to be much lower than suggested in these curves, we conclude that creation of RAN4 requirements relating to interference between data and SS is a minor optimization. 

Observation 4: Interference from SS to data is a minor issue and creation of RAN4 requirements would be at most a minor optimization

Furthermore, if requirements would be created in a future release, there would not be any major backward compatibility issue. UEs conforming to release 15 requirements would suffer at most a minor impact in limited circumstances, which could be avoided through scheduling if needed.

Observation 5: If requirements would be introduced as an optimization in a later release, there would not be any backwards compatibility issue.
3 Conclusion

This contribution has considered the potential for interference between data and SS transmitted with different numerologies. The risk of SS degradation due to data is small where there is no beamforming. If there is beamforming, SS may be degraded by up to 1dB in the case that the data beam points directly at the UE searching for SS. However the probability of this occurring is low. Furthermore, the risk could be eliminated by leaving a guard RB during SS subframes. In general, interference of SS onto data may be mitigated by beamforming is not an issue at lower SINR. At higher SINR, in systems with no beamforming there is potential for small throughput losses due to interference, but the interference can easily be mitigated with minimal system impact by using a single PRB guard in SS subframes.
Based on these results, it appears that RF requirements to ensure that extra spectral confinement is used for data and SS are not motivated.
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