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[bookmark: _Ref463014664]Introduction 
A study item on NR based access to unlicensed spectrum has been concluded in RAN#82 plenary in December 2018 [1]. At the same time, a new WI has been approved on NR-U in 5 and 6 GHz [2] which involves RAN4.
During RAN4#90bis, two proposals for synchronization raster in NR-U were discussed in [3] and [4]. In this contribution we analyse the impact of Wi-Fi jamming on SSB detection performance comparing the case in which SSB is placed at the edge of the 20MHz and the case in which SSB is placed at the centre of the 20MHz spectrum chunk. 
Overview of synchronization raster
Two different proposals for definition of synchronization raster in NR-U are currently being discussed in RAN4. One proposal in [3] (Alt.1 in Figure 1) places the points of the synchronization raster at the center of each 20MHz spectrum chunk whereas the other proposal in [4] (Alt.2 in Figure 1) places the points of the synchronization raster at the edge of each 20MHz spectrum chunk in order to simplify the multiplexing of SSB with RMSI.
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[bookmark: _Ref7700296]Figure 1. Representation of SSB locations alternatives in 20MHz
Despite we agree that placing SSB at the edge of the 20MHz may simplify RAN1 design aspects, we need to also consider what are the implication of this choice in terms of overall SSB detection performance. It is indeed clear that if the SSB is placed in the middle of 20MHz, it will have more protection from an adjacent channel interference point of view compared to the case in which the SSB is placed at the edge. In order to address this concern, in the following we present an analysis targeted to understand the difference in SSB detection probability in the two cases of SSB placement inside the 20MHz chunk.
Adjacent channel interference analysis
The indoor scenario is one of the main deployment scenarios envisioned for NR-U applications. This is a peculiar scenario in which UEs may happen to be very close each other and even transmit at full power if propagation conditions to receiving node are poor. Further, NR-U systems will likely have to co-exist with other non-3GPP technologies operating in unlicensed band such as Wi-Fi systems deployed in the same area. An ad-hoc co-existence study targeting adjacent channel interference impact to NR-U/Wi-Fi performance was not conducted with the belief that the same conclusions found in LAA would apply. However, NR-U standalone operation requires UE initial access in unlicensed band which in turn requires the gNB to send SSB (DRS) also there. This is something new compared to LAA that hence was not analysed in LAA WI timeframe.
Wi-Fi system is generally not synchronized to an NR-U system deployed in the same area. This means that there is a possibility that a Wi-Fi STA will be transmitting while a close-by NR-U UE is searching for SSB blocks in the adjacent channel. The amount of actual interference will depend on several factors but, in relative terms, emissions from adjacent channel transmissions are expected to be lower the farther we are from the channel edge.
For this purpose, let us consider a transmitting Wi-Fi device that fulfils the Wi-Fi defined leakage mask in adjacent channel as shown in Figure 2 from [5].
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[bookmark: _Ref7700961][bookmark: _Ref7701227]Figure 2. Transmit spectral mask for 20MHz channel

Overlapping Figure 2 with Figure 1, it is possible to compute analytically the amount of aggregated interference SSB block would get in the two cases of Alt.1 and Alt.2. More precisely, since the final scope is to understand the impact on cell ID detection, we will calculate the aggregated interference in the 127 SSS tones (~11RBs) placed in the middle of the whole SSB 20RBs.
For the sake of analysis, let’s assume NR-U gNB is transmitting SSB in channel 1 while a Wi-Fi STA is transmitting in channel 0, adjacent to channel 1. A NR-U UE, located not far from Wi-Fi STA, is searching for SSB in channel 1. This UE will hence receive the SSB signal power together with adjacent channel interference from Wi-Fi STA.
The actual amount of adjacent channel interference jamming UE reception depends on different factors, e.g. relative position of the two UEs, cross-channel conditions, STA in-band transmission power. However, it is still possible to make a relative comparison between Alt.1 and Alt.2 just by integrating the Wi-Fi mask at the frequency locations of the SSB blocks for the two alternatives.
For Alt 1., Wi-Fi mask was integrated from 18MHz to 21.96MHz (11RBs considered for SSS block) assuming 0.8MHz guard-band as currently defined for 20MHz channel and SSB placement as shown in Figure 1. With same assumptions, the Wi-Fi mask was integrated for Alt.2 from 12.96MHz to 16.92MHz. Notice that for the purpose of this analysis, it is irrelevant to define a specific in-band power spectral density. As a result, the integrated interference over the SSS bandwidth for Alt.2 (SSB placed at the edge) is ~4.5dB higher than the integrated interference for Alt.1 (SSB placed in the middle).
Observation 1: The integrated adjacent channel interference over the SSS bandwidth for Alt.2 (SSB placed at the edge) is ~4.5dB higher than the integrated interference for Alt.1 (SSB placed in the middle).
In an interference limited scenario in which STA and UE are close to each other, this difference will directly translate into SINR degradation but that is not always the case. Indeed, for a scenario in which noise and interference have roughly the same order of magnitude, performance will not be dominated by interference and the expected SINR degradation will be lower than 4.5dB.
If we consider that the noise floor for ~4MHz (SSS bandwidth) is around -98dBm assuming 10dB NF at UE receiver, and received signal (SSS) power equals the noise floor, Table 1 shows a simple calculation of SINR and SSS detection probability degradation of Alt.2 vs Alt.1 in three cases in which adjacent channel interference for Alt 1 is below, equal to or above the noise floor.




[bookmark: _Ref7708723]Table 1. Degradation of SINR and SSS detection probability with Alt.2 over Alt.1
	Received ACI with Alt. 1/Alt.2 [dBm]
	SINR Alt.1/ Alt.2 [dB]
	SINR degradation with Alt. 2 [dB]
	SSS detection probability degradation with Alt.2

	-110/-105.5
	-0.26/-0.71
	0.45
	1%

	-98/-93.5
	-3/-5.8
	2.8
	10%

	-95/-90.5
	-4.8/-8.2
	3.4
	25%



Notice that the impact on cell ID detection can become as large as 25% bringing the detection probability from 90% to 65% if the SSB is placed at the edge of the channel (Alt.2) instead of the middle of the channel (Alt.1). It is clear that this analysis is just an approximation and the real absolute values may change with different assumptions but, nevertheless, it gives an indication of the performance degradation that may be experienced if Alt. 2 is preferred over Alt.1. Notice also that in this analysis the integration was performed considering the Wi-Fi theoretical mask rather than emissions from a real device. In such a case indeed, the gap may even be larger.
[bookmark: _GoBack]In conclusion, simplification of RAN1 multiplexing design may not come for free and different aspects such as adjacent channel interference should be also taken into account in the definition of the synchronization raster for NR-U. Based on this analysis, we believe that SSB transmissions in unlicensed band should be careful protected and hence Alt.1 is proposed in our other contribution [6].
Proposal: Place SSB raster frequency points in the middle of 20MHz to ensure better protection against adjacent channel interference.
Conclusions
In this contribution we presented a simplified analysis to understand the impact of adjacent channel interference from a non-synchronized system to NR-U SSS detection performance. The main purpose of this analysis was to compare the performance in the two cases of SSB placement in 20MHz spectrum chunk, here called Alt.1 and Alt.2. We noticed that the overall integrated interference experienced in the two alternatives differs by ~4.5dB if Wi-Fi emission mask for 20MHz channel is considered. We then went further and translated this value into SINR degradation making some simplified assumptions on received signal power. In the end, we noticed that the impact on cell ID detection can become as large as 25% if the SSB is placed at the edge of the 20MHz instead of in the middle.
Based on the above observations, we made the following proposal:
Proposal: Place SSB raster frequency points in the middle of 20MHz to ensure better protection against adjacent channel interference.
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