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1 Introduction

During the June NR Ad-Hoc number 2, some discussion took place on the need for in-band requirements for multi-numerology transmission of data and SS. The time available for the discussions was limited and no conclusions were made. Document [1] was submitted due to the meeting but was not presented due to time restrictions.

This document is a revision of [1], basically making the same arguments but with some clarifications of the meaning of the simulation results and re-scaling of the results in order that they become more obvious. 

It should be noted that the intention of this document is not to question the need for transmitting SS and data on different numerologies; this need is clear. The intention is to question whether any RF requirements are needed for this type of operation.

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.

With 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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2.1 Interference impact to SS from data

It is assumed that 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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Figure 1: Worst case performance degradation if SS SINR is -6dB dependent on the amount of extra beamforming on the data channel
It could be expected that the power difference between data and SS will be 0dB in a single TX system. In this case, according to figure 1 the worst case 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. For the case of 9dB additional data channel beamforming gain above SS in which up to 1dB performance degradation is observed, the probability of the user being within the 3dB beamwidth of the data channel is less than 0.1%. The figure below depicts the SS SINR impact for the case of 9dB additional data channel beamforming gain vs probability of the impact level (which relates to probability of the user attempting synchronization being oriented in such a manner towards the beam that the y axis degradation occurs. It is assumed that the SS SINR is -6dB if there would be no data channel. Clearly, the chances of SS being impacted are very small. 

[image: image5.emf]-6.05 -6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR on SS

Probability of experiencing SINR


Figure 2: Probability of the SINR SINR being worst than -6dB if the data channel has an additional 9dB beamforming gain.
Figure 1 illustrates that for systems with low beamforming gain, impact of data to SS is small. Even for systems with a large data beamforming gain compared to SS, although the worst case degradation may be up to 1dB, the probability of degradation to the synchronization performance due to interference from the data channel is small.

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 almost no impact to SS performance due to interference between the SS and data channel.

Observation 3: This analysis suggests that the need for RF requirements on EVM and selectivity for protecting SS is very marginal. 
2.2 Interference impact from SS to data

The figure below depicts the link level throughput performance of a data channel in the presence of an SS, considering all subframes. 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.
The difference to the results presented in the ad-hoc in [2] is that in [2], the SS is considered as existing in every subframe, and furthermore it is assumed that every SS beam interferes with data. These are unrealistically pessimistic assumptions. To be more clear figure 3, the SS periodicity is assumed to be the RAN1 agreed default of 20msec and it is assumed that only one of the SS beams interferes with data.
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Figure 3: Impact of SS to data
Figure 4 depicts the impact of the SS on the data channel in SS subframes only. The impact may be larger here, however the impact is only for 1 in 20 of the subframes.

[image: image7.emf]0 5 10 15 20 25 30

0

10

20

30

40

50

60

70

80

SINR (dB)

Throughput (Mbps)

 

 

No additional beamforming of PDSCH above SS

3dB additional beamforming of PDSCH above SS

6dB additional beamforming of PDSCH above SS

9dB additional beamforming of PDSCH above SS

No SS interference to PDSCH


Figure 5: Impact of SS to data considering subframes containing SS only
At high SINR, if preferred the interference in the SS subframes where there is no beamforming gain can be mitigated by means of scheduling an RB of guard between data and SS. 
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 1 PRB guard can be used. This is only necessary if the data is not beamformed more than the SS.  Figure 6 illustrates the impact of placing a guard between PDSCH and SS subframes in the worst case from figure 5 of no additional PDSCH beamforming gain above SS. It can be observed that a single PRB is sufficient to avoid throughput losses in these subframes even at high SINR.
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Figure 6: Throughput in SS subframes only with equal PDSCH and SS power and 1 / 2 PRB guard between SS and PDSCH
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

Even in these edge cases, the loss is small and if really preferred the scheduler can leave an RB guard to avoid interference if really needed such as cases at high SINR.  Otherwise without this RB guard the probability of occurrence is small as indicated in section 2.1, but also the robustness of the system would mean this occurrence would happen over a short period in time and also infrequent.
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 negligible. 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 in subframes containing SS only, but the interference can easily be mitigated with minimal system impact by using a single PRB guard in SS subframes.
Based on these results and observations illustrated in Observation 1-5 above, it appears that RF requirements to ensure that extra spectral confinement is used for data and SS are not motivated.

Proposal: Do not define any RAN4 RF in band requirements relating to different numerology on SS/data. 
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