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Introduction
In [1], a relaxation of the out-of-band-blocking requirement from -15dBm to -20dBm for the operating bands at 3.5GHz (Band 22, 42 and 43) was initially proposed. Further simulations in [2] supported this proposal. On the other hand, analysis in [3] recommended not to implement such relaxation as there are deployment scenarios on which a higher blocking than -20dBm can be experienced by the UE. 
In this contribution, we further discuss the proposal in a general basis and present additional simulation results and filter analysis for consideration.
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Discussion
2.1
General aspects

In [1], it is mentioned that the requirements should be properly scaled to new frequency ranges. The relaxation is proposed for the highest frequency bands currently specified by 3GPP, i.e. Band 22, 42 and 43 based on the estimated free-space path loss and antenna gains above 2.7 GHz. Looking at this relaxation with a broader perspective, one question to be answered before implementing such relaxation is if the intention is to apply this scaling method with frequency to any other new band above 3.5 GHz? 5G systems will operate at higher frequencies (higher path loss) but will use advanced antenna systems so that the resulting coupling loss may not be much different than that at 3.5 GHz. It is the coupling loss that matters for the blocker levels. For example, 5GHz is currently under discussion in RAN4. 
2.2
Filter analysis

The out-of-band blocking requirement for any band impacts the UE RX filter design. In [4], it was mentioned that this relaxation will enable to combine Band 42 and Band 43 and cover both bands with a single filter. In [5], it was also remarked that this requirement modification will allow for implementation of ceramic filters, which are preferred filter at these frequencies. Figure 1 shows an example of a combined B42+B43 ceramic filter,  the size of which is comparable to that of a SAW filter, in line with [4] and [5]. We note that the rejection below 2.6 GHz can still allow the current -15dBm blocking level, while there is no rejection for interferers in the Band 43 range for victim channels in Band 42 and conversely. The latter would have required dedicated band filters. 

Figure 1: Broadband response of a Combined B42+B43 ceramic filter 
The bands with the current blocking requirement are also implementable with technology other than ceramic filter, i.e. FBAR or BAW, Figure 2. This requires implementation of Band 42 and Band 43 by separate filters, but then the -15 dBm blocker in the adjacent band can be suppressed. 
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Figure 2:  B43 FBAR filter response 
2.3
Simulation results

Any deployment is possible at 3.5GHz. This includes all variants from standalone hotspot small cell scenarios to Hetnet type of deployment where both macro cells and small cells are deployed in 3.5GHz band. Simulations based on small cell scenarios were presented in [2], based on some of the simulation models in TR 36.872 [6].
2.2
Simulations for a small cell scenario

Simulations were presented in [2] for scenario 2a with 4 small cells per cluster and scenario 3 with 4 small cells inside a building. This is denoted as sparse deployment in small cell studies. The simulations assumptions can be found in Annex A.1.2 and Annex A.1.5 in [4]. 
In this contribution we simulate scenario 2a with 10 small cells per cluster, this is denoted as dense small cell deploymen. A summary of the most relevant simulation assumptions for this study are summarized in Table 1. The assumed minimum separation between the small cell and the UE is modified with respect to the original assumptions from 3m to 1m. 
As seen from Table 1, we have 15 users per macro cell, and we have 20 pico cells under 2 hotspots inside the area of a macrocell. Roughly 1/3 of the users are connected to macro network, thus, we have about 10 users per macro cell area connected to small cells. This means that, if only one user is connected to any small cell, half of the small cells are not active at any point of time. Thus, the the simulated interference scenario is quite similar to the one in [2], where up to 8 pico cells are deployed inside one macro cell area. 
Table 1: Simulation assumptions for scenario 2a in [6]
	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, case 1
7 Macro sites is used, so a total of 21 macro cells. 
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	3.5GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46dBm
	30 dBm,  and 37dBm 

	Antenna pattern
	3D,  referring to TR36.819
	2D Omni-directional is baseline; directional  antenna is not precluded

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Number of clusters/buildings per macro cell geographical area
	2

	Number of small cells per cluster
	10

	Number of UEs 
	15 UEs per macro cell 

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 1m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m
	

	
	cluster center-cluster center: 100m

	UE noise figure
	9dB


Figure 3 illustrates the CDF of the BS power level received at the UE for scenario 2a. In this case, the small cell is operating in 3.5GHz and the macro cell is at 2GHz. All the small cells are in co-channel in 3.5GHz. We have shown the received power levels when both 30dBm and 37dBm output power is used by small cells in 3.5GHz. As explained in [6], 24dBm, 30dBm and 37dBm should be considered for this scenario. Here we show simulation results for 30dBm and 37dBm pico power levels (at antenna port). As seen from the figure, there are at least 4~5% users who would experience received power levels more than -20dBm, some of them will experience close to -15dBm, when 1W transmit power is used. For the case of 37dBm, the situation becomes worse. Around 8~9% of the users will experience more than -15dBm received signals at the UE receiver. 
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Figure 3: CDF of outdoor hotspot (scenario 2a) base-station power levels at the UE Rx 
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Conclusion
In this contribution we analyze all aspects to be considered when discussing the relaxation of the out-of-band blocking requirement from -15dBm to -20dBm for Band 22, 42 and 43 for Range 3 down to 2690MHz. 
One consideration is what will happen with the out-of-band blocking requirement for frequencies higher than 3.5GHz: which are the blocker levels expected for higher bands in general? Future systems deployed at these frequencies will experience a higher path loss but will be using advanced antennas so that the coupling loss will be in the range of 3.5GHz. 
Another aspect is the implementation perspective, filtering in particular. The -15dBm blocking level below 2.7 GHz is possible to meet with current technology but for the particular case of a combined Band 42 and Band 43 implementation there is no in-band rejection of the blocker interferer. A combined Band 42, Band 43 implementation is challenging with the current requirement.
A third aspect to consider is the impact on the network performance. Is it expected that a UE at 3.5GHz will experience blocking levels larger than -20dBm? In Figure 3, it is shown that this is indeed the case. 4~5% or 8~9% users will experience power levels more than -20dBm for the small cell scenario or 30dBm and 37dBm, respectively.

These three aspects should be considered in conjunction by the RAN4 group while discussing the out-of-band blocking relaxations at 3.5GHz. 
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