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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.
In this contribution, we propose a synchronization raster for NR-U in band n46 in order to enable stand-alone deployment of NR-U.
Discussion
According to the WID in [2], one of the main scenarios of interest for NR-U is stand-alone deployment in which synchronization and data blocks transmission will both occur in unlicensed band. For this reason, synchronization raster needs to be defined in 5GHz band.
In [4] and [5] we made a proposal for the synchronization raster in band n46 aligned with Alt.1 in Figure 1. This proposal was justified on the basis of an analytical analysis carried out in [4], where we evaluated the impact of adjacent channel interference from an asynchronous system (Wi-Fi) to NR-U cell ID detection. With the assumptions considered for the analysis, it was concluded that Alt.1 could have an advantage in terms of cell ID detection as large as 25% over Alt. 2. However, since several approximations were considered, in this contribution we present a more detailed technical analysis and will make a new proposal based on its outcome.
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[bookmark: _Ref15637679]Figure 1. Representation of SSB locations alternatives in 20MHz

Adjacent channel interference analysis
In this section we present system level simulations results showing the impact of Wi-Fi adjacent channel interference on SSB detection performance in the two cases of SSB Alt.1 and Alt.2.
The main following simulation assumptions were considered to derive the results:
· NR-U and Wi-Fi networks deployed in the same indoor area as shown in Figure 2
· Wi-Fi APs transmit at full power of 23dBm with channel bandwidth of 20MHz
· Wi-Fi APs fulfil and saturate the IEEE spectral emission mask for 20MHz channel
· NR-U UEs and Wi-Fi STAs are uniformly distributed inside the area
NR-U BS
Wi-Fi APs
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[bookmark: _Ref15647266]Figure 2. Indoor network layout for the two technologies

Figure 3 below shows the distribution of received synchronization block SINR at NR-U UE for Alt.1 and Alt.2. The difference between the two curves is ~4dB at low SINR confirming the calculation carried out in [4]. However, a proportional difference cannot be found in the detection probability CDF curves given the large values of received SINR. For a certain target detection probability (say 95%) the increase in the percentage of out-of-coverage UEs in minimal and equal to ~1%.
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[bookmark: _Ref15653993]Figure 3. SINR and corresponding SSS detection probability comparison between the two alternatives

Based on the results of this analysis we conclude that in terms of overall network performance, the impact of adjacent channel interference on cell ID detection is not major even if the synchronization blocks are placed at the edge of each 20MHz spectrum chunk. Moreover, RAN1 design would be simplified in the case SS blocks are transmitted at the edge of each 20MHz since SSB transmission PRBs are restricted by either CSI-RS or RMSI PDSCH multiplexing. In consideration of the above observations, in Section 4 of this contribution we propose a different definition of the synchronization raster compared to what already proposed in [5].
[bookmark: _Ref15891215]Synchronization raster proposal 
Currently, the global synchronization raster is defined in [3] as:
[bookmark: _Ref960325]Table 1. GSCN parameters for the global frequency raster
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz, 
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000-24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756
	7499 + N
	7499 – 22255

	NOTE 1:	The default value for operating bands with SCS spaced channel raster is M=3.



Notice that for frequency above 3GHz the granularity of the raster is 1.44MHz. This means that, in the currently defined Band n46, we would have roughly 454 (considering that 5350MHz-5470MHz is currently not available for transmission of RLAN worldwide) raster frequency points in which UEs should search for synchronization signal. To avoid having such a large search space, we need to down-sample the global frequency raster at proper positions inside the band. If we consider the 20MHz channelization of LAA and Wi-Fi, our proposal is to have one synchronization raster point in each 20MHz chunk such that SSB PRB 0 occupies the same frequency position of CORESET0 PRB0 (Alt. 2 in Figure 1).

Proposal 1: define one synchronization raster point in each 20MHz chunk such that SSB PRB 0 occupies the same frequency position of CORESET0 PRB0.
The entry in synchronization raster Table 5.4.3.3-1 in [3] would read:
	NR Operating Band
	SS Block SCS
	SS Block Pattern
	Range of GSCN
(First – <Step size> – Last) 

	n46
(NOTE)
	30kHz
	Case C
	8993 - <1> - 9530



NOTE: The following GSCN are allowed for operation in band n46:
{GSCN = 8996, 9010, 9023, 9037, 9051, 9065, 9079, 9093, 9107, 9121, 9218, 9232, 9246, 9260, 9273, 9287, 9301, 9315, 9329, 9343, 9357, 9371, 9385, 9402, 9416, 9430, 9444, 9457, 9471, 9485, 9499, 9513}

[bookmark: _GoBack]The reason why only 30kHz SCS SSB was considered is that 15kHz SCS is utilized exclusively in non-standalone operation mode, where the initial acquisition process occurs on the licensed carrier. Eventually, if the UE needs to synchronize to the unlicensed carrier, the gNB will signal a frequency point of the channel raster where the UE shall receive the SSB transmission.
Conclusions
In this contribution we presented our views on the definition of synchronization raster for NR-U operation in band n46.
Based on the above observations, we made the following proposals:
Proposal 1: define one synchronization raster point in each 20MHz chunk such that SSB PRB 0 occupies the same frequency position of CORESET0 PRB0.
The entry in synchronization raster Table 5.4.3.3-1 in [3] would read:
	NR Operating Band
	SS Block SCS
	SS Block Pattern
	Range of GSCN
(First – <Step size> – Last) 

	n46
(NOTE)
	30kHz
	Case C
	8993 - <1> - 9530



NOTE: The following GSCN are allowed for operation in band n46:
{GSCN = 8996, 9010, 9023, 9037, 9051, 9065, 9079, 9093, 9107, 9121, 9218, 9232, 9246, 9260, 9273, 9287, 9301, 9315, 9329, 9343, 9357, 9371, 9385, 9402, 9416, 9430, 9444, 9457, 9471, 9485, 9499, 9513}
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