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[bookmark: _Toc116995841]Introduction
During the last RAN4 WG meeting[1], discussion on the following issues were not concluded:
1. WUS location within the UE BWP,
2. Guard RBs for WUS.
In this paper, we present our thoughts on above.
[bookmark: _Toc116995842]Discussion
WUS frequency location within the UE BWP
The deployment of the NR bands is country specific. Many countries allocate small BWP of the NR bands and thereby will a NR band will be divided among more network operators. An old list of commercial deployment of the RF1 band can be found in [3]. Fixing the frequency location of WUS in a NR band will effectively rule out deployment for certain operators in any given geographical area.


Figure 1 Example of frequency deployment in Belgium and Lithuania for n28. Three network providers have license for 5MHz, 10MHz and 10MHz.
Furthermore, adopting an LP-WUS design or LP-WUS architecture that limits or forces the LP-WUS placement on a carrier to a particular location, may affect negatively to the attainable peak capacity for NR data users e.g., by fractioning the available DL resources.
As initial cell selection synchronisation raster locations are limited, the placement of PCell SSB in carrier is restricted. Furthermore, the possible offsets from SSB to CORESET#0 are also limited, setting further restrictions for the SSB placement. Given the importance of SSB, it is necessary to avoid overlap with the SSBs. Thus, it would not seem practical to consider restrictions for the LP-WUS placement in frequency domain.
Having said that, it is also necessary for the WUR to know the WUS location prior to its transmission by the gNB. Further, the configured LP-WUS location can be assumed to be semi-static as this is primarily used by UEs in idle mode and they should know in advance where to look for WUS in frequency domain.
[bookmark: _Toc134888674]Frequency planning and allocation is country specific and should be considered when designing the WUS both in frequency span and frequency location/ flexibility. 
[bookmark: _Toc134888675]As the NR bands can be divided among operators, the location of the WUS needs to be flexible to accommodate different operators. 
[bookmark: _Toc134888676]Fixing WUS location has multiple negative consequences for the network.
[bookmark: _Toc134888677]Frequency location of the WUS will be known to LR in advance.
[bookmark: _Toc134888678]WUS frequency location shall be flexible.
Guard RBs evaluation
Regarding guard RBs for WUS signal, at least two cases were identified in the last RAN4 meeting [1]
· WUS RBs are sandwiched between eMBB RBs,
· WUS signal is at the edge of the RF channel.

In case when WUS RBs are surrounded by eMBB RBs, Adjacent Sub-Carrier Selectivity (ASCS) or alternatively relative interference level must be simulated in order evaluate the need of guard RBs. For this case, Figure 2 shows the relative interference level as seen at the WUS RE locations. Here, carrier frequency offset (CFO) of ±1KHz is used as an impairment. Black colored rectangles notify one RB. Simulation results with CFO of ±10KHz are shown in Figure 3.

[image: ]
[bookmark: _Ref134830429]Figure 2 Relative interference level with a CFO of ±1KHz.
[image: ]
[bookmark: _Ref134830901]Figure 3 Relative interference level with a CFO of ±10 KHz.

As can be seen from figure, rate of drop of interference power is related to the filter order. Further, higher the CFO, larger guard RBs will be required. This situation will become worse once other impairments are added as these results are with only CFO.
These results only show the interference from adjacent sub-carriers. To derive the value of guard RBs, SINR target should be known. 
Coexistence of LP-WUS with NR signals within UE BWP is also governed by whether both have the same numerology. In case of different numerologies, the NR signal and LP-WUS signal will interfere, and guard RBs will be a must. Further, for an envelope-detector based receivers, there is a need of guard band between the LP-WUS carriers and rest. Based on this discussion, following observations can be noted.

[bookmark: _Toc134888679]WUS signals will encounter both in-channel, as well as adjacent channel interference.
[bookmark: _Toc134888680]There is a trade-off between filter-order and number of guard RBs. A larger filter order will have sharper roll-off and may require a smaller guard RBs; but this comes at the cost of higher filter complexity and power consumption. 
[bookmark: _Toc134888681]In case of ±10 KHz CFO, at least two guard RBs on each side will be required if interference level lower than -25 dB is required.
[bookmark: _Toc134888682]In case the WUS signal is at the edge of a carrier, ACS will come into picture.
[bookmark: _Toc134888683]In case of mixed numerology of LP-WUS and NR signals, a guard band between LP-WUS and NR carriers is a must. 
[bookmark: _Toc134888684]The inter-carrier interference arising due to carrier frequency offset can be mitigated to a certain extent through guard RB selection. 
[bookmark: _Toc134888685]Guard RBs should be determined considering the ASCS, ACS, SINR values for different WUS locations within UE BWP, filter order, and CFO.
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: Frequency planning and allocation is country specific and should be considered when designing the WUS both in frequency span and frequency location/ flexibility.
Observation 2: As the NR bands can be divided among operators, the location of the WUS needs to be flexible to accommodate different operators.
Observation 3: Fixing WUS location has multiple negative consequences for the network.
Observation 4: Frequency location of the WUS will be known to LR in advance.
Proposal 1: WUS frequency location shall be flexible.
Observation 5: WUS signals will encounter both in-channel, as well as adjacent channel interference.
Observation 6: There is a trade-off between filter-order and number of guard RBs. A larger filter order will have sharper roll-off and may require a smaller guard RBs; but this comes at the cost of higher filter complexity and power consumption.
Observation 7: In case of ±10 KHz CFO, at least two guard RBs on each side will be required if interference level lower than -25 dB is required.
Observation 8: In case the WUS signal is at the edge of a carrier, ACS will come into picture.
Observation 9: In case of mixed numerology of LP-WUS and NR signals, a guard band between LP-WUS and NR carriers is a must.
Observation 10: The inter-carrier interference arising due to carrier frequency offset can be mitigated to a certain extent through guard RB selection.
Proposal 2: Guard RBs should be determined considering the ASCS, ACS, SINR values for different WUS locations within UE BWP, filter order, and CFO.
[bookmark: _Toc116995849]
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