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[bookmark: _Toc116995841]Introduction
During the last RAN4 WG meeting [1], it was discussed to provide results for guard RB evaluation. In this paper, we present our thoughts on the same.
[bookmark: _Toc116995842]Discussion
Guard RBs evaluation
Regarding guard RBs for WUS signal, at least two cases have been identified
· WUS RBs are sandwiched between Enhanced Mobile Broadband (eMBB) RBs,
· WUS signal is at the edge of the RF channel.

For both of the cases, number of guard RBs required has to be evaluated. The LP-WUS is assumed to have a signal bandwidth of 4.32MHz. Usually, to evaluate the ACS, interferer is set to 31.5 dB higher than the desired signal. However, since there will be a channel filter which may have at least 30 dB of attenuation, along with the guard band, the level of interferer because of adjacent channel and adjacent sub-carrier will be approximately equal. Due to this reason, the interferer is assumed to be at the same power level as the LP-WUS. The evaluations assumptions are summarized in Table 1.
[bookmark: _Toc142563818]Power of the out-of channel interferer will be approximately the same as adjacent sub-carrier interferer after channel filtering.

Table 2 illustrates the estimated guard region required in KHz on each edge of WUS as a function of different filter orders and CFOs. A target interference level of -10 dBc is used for this evaluation, as the required number depends on the waveform used and desired SNR. As can be observed, higher the filter order the lesser number of Guard RBs are required. The reason beings, higher order filter leads to more interference suppression at the edges and hence less number of Guard RBs will have relative interference level above the threshold of -10dBc. Further, it can be observed that, for a fixed filter order, we would need more Guard RBs for larger CFO. Higher CFO leads to more loss of orthogonality among adjacent sub-carriers and channels and hence more interference will be seen near the edges of the LP-WUS. Hence, we would need more Guard RBs to tackle this increased interference for higher CFO.
Another thing that can be noticed looking at the guard requirements in this scenario, is that the overall bandwidth will become larger than 5 MHz in all the evaluated cases, assuming the signal bandwidth stays fixed at 4.32 MHz.

[bookmark: _Ref142524001]Table 1 Evaluation assumptions.
	WUS signal bandwidth
	4.32 MHz

	Interferer power level
	 0 dBc

	F0
	2.6 GHz

	Filter Type
	Butterworth



[bookmark: _Ref142557391]
Table 2 Guard required in KHz for a target interference level of -10 dBc.
	CFO
	Filter order

	
	1
	2
	3
	4
	5

	± 0 ppm
	4320.0
	1598.4
	972.0
	691.2
	540

	± 5 ppm
	4346.0
	1608.0
	977.9
	695.4
	543.3

	± 50 ppm
	4580.0
	1694.6
	1030.5
	732.8
	572.5

	± 100 ppm
	4840.0
	1790.8
	1089.0
	774.4
	605.0

	± 200 ppm
	5360.0
	1983.2
	1206.0
	857.6
	670.0




[bookmark: _Toc142563819]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: _Toc142563820]Higher CFO will lead to larger guard RBs. 
[bookmark: _Toc142563821]A higher target interference level will lead to higher guard requirements. Further, lots of other factors, such as waveform type etc., will dictate the target value. 
[bookmark: _Toc142563822]Overall bandwidth of WUS along with guard RBs can become higher than 5 MHz based on filter order and target interference levels.

[bookmark: _Toc142563823]Guard RBs required shall be governed by target interference level, filter order along with maximum allowed level of CFO.
[bookmark: _Toc142563824]Overall bandwidth of WUS i.e., desired signal along with the required guard RBs shall fit 5 MHz.

Guard RBs content
The LP-WUR is a low-complexity receiver with low complexity along with very limited filtering performance. Due to this reason, it is being discussed that some RBs allocated for WUS should be used as guard RBs to ensure sufficient RF performance by the low complexity receiver. gNB will consider the guard RBs as a part of the WUS and treats them as one single block only.  Due to this reason, it is not advisable to consider using guard RBs for any other NR transmission.
[bookmark: _Toc142563825]Guard RBs are part of the WUS signals and will be treated as a single entity from scheduling point of view by the gNB.

[bookmark: _Toc142563826]Guard RBs are part of the WUS signal and should not be used for any other NR signal.
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: Power of the out-of channel interferer will be approximately the same as adjacent sub-carrier interferer after channel filtering.
Observation 2: 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 3: Higher CFO will lead to larger guard RBs.
Observation 4: A higher target interference level will lead to higher guard requirements. Further, lots of other factors, such as waveform type etc., will dictate the target value.
Observation 5: Overall bandwidth of WUS along with guard RBs can become higher than 5 MHz based on filter order and target interference levels.
Proposal 1: Guard RBs required shall be governed by target interference level, filter order along with maximum allowed level of CFO.
Proposal 2: Overall bandwidth of WUS i.e., desired signal along with the required guard RBs shall fit 5 MHz.
Observation 6: Guard RBs are part of the WUS signals and will be treated as a single entity from scheduling point of view by the gNB.
Proposal 3: Guard RBs are part of the WUS signal and should not be used for any other NR signal.
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