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1 Introduction
A work item has been approved for ‘New Radio’ (NR) Access Technology [1] targeted to enable future cellular network deployment scenarios and applications building upon the features identified and evaluated during the NR study item phase [2]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. Suppression of adjacent channels is a critical component of the RAN4 requirements as it guarantees the co-existence of independent and un-coordinated networks in adjacent channels. This document provides an overview of the ACLR levels requirements at the NR gNB for two un-coordinated networks to co-exist in adjacent channels.

2 Overview and Agreement
In the past RAN4 meetings the following agreements have been made regarding the definition and proposed values of ACLR in sub 6GHz frequency ranges
Agreement [3]
· ACLR measurement Bandwidth for NR is equal to either of NR channel Bandwidth or transmission bandwidth for all single carrier NR Channel bandwidths is applied to MPR evaluation.
· Adopt the 45dB ACLR1 and ACLR2 to all NR BS classes

· The adjacent channel has the same channel bandwidth as the transmitted carrier.

· For bands defined also for UTRA

· the adjacent channel bandwidth is the corresponding UTRA (FDD or TDD) channel bandwidth.

· For bands defined also for E-UTRA

· Specify BS 45 dB ACLR for 5MHz adjacent channel bandwidth.

· Specify BS 45 dB ACLR for other than 5MHz adjacent channel bandwidth is FFS.

· One adjacent bandwidth will be selected if the worst case is identified

Also for frequency ranges in the mmWave (> 24GHz) the following agreements were made regarding the definition and other considerations for mmWave

Agreement [4]
· FFS whether to specify the the absolute limit of the ACLR requirements for each NR BS class.

· If agreed to be specified, the absolute limit should ensure the BS will not cause larger interference (in terms of absolute power) to the co-existing system than the one allowed in the BS spectrum emission mask limit, while ensuring the ACLR requirements are not over-stringent for small cell BS with low power.

· To align the frequency ranges of the ACLR requirements with the RAN4 response to WP5D, which are 24.24 – 33.4 GHz and 37 – 52.6 GHz.

· 28dBc for 24.24 – 33.4 GHz frequency range.

· 26dBc for 37 – 52.6 GHz frequency range.

· FFS whether the methodology agreed for eAAS WI to calculate the wanted and interfering signal power levels for the radiated ACS requirements can be adopted here. 

· To align the frequency ranges of the ACS requirements with the RAN4 response to WP5D, which are 24.24 – 33.4 GHz and 37 – 52.6 GHz.

· 24dBc for 24.24 – 33.4 GHz frequency range.

· 23dBc for 37 – 52.6 GHz frequency range.

Unlike the sub 6GHz case, for mmWave RAN4 has not yet made a decision on the value of the ACLR. It was noted that one of the complexity arises from the fact that in mmWave RF domain beamforming is used so whether any decision can be made prior to the completion of the eAAS. 

In this document we take a slightly different approach to the ACLR. Rather the looking at things such as impacts of wideband filtering, PA model, DPD, RF domain beamforming etc. we try to determine what level of ACLR is required, rather than what can be achieved. Our goal is to show that the RF domain beamforming provides significant spatial isolation in mmWave which is why taking the effect of beamforming is critical in determining ACLR and ACSD levels in the mmWave bands. 

3 Overview of the Approach 

In order to understand what level of ACLR is required in mmWave for two different networks to co-exists adjacent bands, we rely on system level simulation. The two scenario considered are shown in Figure 1.
· Scenario A: This is when the two network are collocated and share the same tower. 

· Scenario B: This is the case when the two networks are not collocated and do not share the tower. The worst case in this scenario is when the offset between the two networks is exactly midpoint of the grid of the
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Figure 1 Network Scenarios for System Simulation

Scenario B is really the worst case scenario as the simulation results will show shortly. This is because in Scenario A, a UE associated with the gNB of victim network is exactly the same distance as the gNB of the aggressor network. Since the gNB of the aggressor network is in the adjacent band the interference from the aggressor gNB is always below the signal by an amount equal to the ACLR. However in Scenario B, a UE associated with the gNB of the victim network can actually be much closer to the gNB of the aggressor network, especially as it gets closer to the cell boundary. 
For the sake of comparison we run co-existence cases for both sub 6GHz as well as mmWave based on assumption as shown in Table 1. Even though the ACLR values for sub 6GHz are decided in RAN4 we chose to run these simulations in the frequency ranges to show that the chosen value of ACLR actually allow for co-existence in two adjacent channels. Also the sub 6GHz simulations provide a comparison point to show the effect of with and without beamforming. 

	Parameters
	Values

	Environment
	3GPP Dense Urban UMi

	Network Deployment
	Collocated: BS from two network at same location
Non-Collocated: BS of one network offset by 279 m (along hex grid)

	Channel Model
	3GPP TR38.900 UMi model

	Carrier Frequency
	2GHz, and 39GHz

	UE Attachment
	RSRP

	UE Distribution
	80% indoor, 20% outdoor (RAN1 model)

	gNB Antenna
	2GHz: 4Tx passive cross-pol antenna 18dBi gain
39GHz: 4x4 cross-pol phased array with 8dBi element gain


Table 1 Simulation Assumption and Parameters

The two networks are assumed to work in adjacent channels A and B as shown in Figure 2.
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Figure 2 Adjacent Channel Operation of 2 Networks
4 Simulation Results of Co-Existence
In order to understand the ACLR levels required to allow for two adjacent channel to co-exist we consider the distribution of the following metric
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Where RSRPA is the RSRP from the best server as seen by the UE of the victim network on channel A, and RSRPB is the RSRP seen from the strongest interference of the aggressor network in channel B. It should be noted that while RSRPA is what the UE actually measures, RSRPB is a hypothetical metric here and the UE doesn’t actually measure it. Rather we use this RSRPB to see how much stronger the coupling loss from the aggressor network can be compared to the best server. Shown in Figure 3 is the CDF of the metric RSRP and we can immediately see two critical trends from it. 

· The worst case is indeed Scenario B when the gNB of the victim network and the aggressor network do not coordinate with each other. 

· In mmWave due to the beamforming and directional nature of the transmission the impact of adjacent channel is significantly diminished even though we have ONLY considered the beamforming at the gNB and not the UE. 
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Figure 3 RSRP CDF for collocated (blue) and non-collocated (red) for sub 6GHz (solid) and mmWave (dashed) cases

	 
	Sub 6GHz
	mmWave

	 
	Collocated
	Non Collocated
	Collocated
	Non Collocated

	5th Percentile RSRP (dB)
	-32
	-29
	-19
	-16


Table 2 Cell edge RSRP (5th percentile)

Also in Table 2 we show the 5th percentile cell edge RSRP for the 4 different cases. Typically we assume the cell edge to be at -6dB geometry for the RAN1 spec design and channels such as PSS, SSS, PBCH and PDCCH can be received at this -6dB geometry. In order to two networks to co-exist on adjacent channels the ACLR levels should be such that we expect no more than 1dB degradation at this -6dB point. Assuming the cell edge geometry is -6dB without adjacent channel interference (i.e. co-channel interference from other gNB) then the cell edge geometry as a function of ACLR is given by
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Where RSRP is the cell edge (5th percentile) point as shown in Table 2. Shown in Figure 4 is the cell edge geometry impact as a function of the ACLR for the sub 6GHz and mMWave case. In this figure we only show the non-collocated case since that is the worst case and we need to design for that. 
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Figure 4 Change in Cell Edge Geometry with and without adjacent channel interference as a function of ACLR

From Figure 4 we note that the value of 45dB ACLR chosen for sub 6GHz indeed has less than 1dB impact on the cell edge geometry. Similarly in mmWave with RF beamforming the same 1dB coverage impact requires only an ACLRE around 32dB, suggesting that in mmWave we require less ACLR due to the directional nature of the coupling. 
5 Proposal 

Observation 1: In mmWave due to the directional nature of the coupling on average we require a smaller ACLR value compared to what is needed in the sub 6GHz. The ACLR values depends on the number of antenna used at the RF beamforming. 

Proposal 1: RAN4 should take into account the directional nature of the transmission due to RF beamforming in determining the required ACLR in mmWave and not treat this the same as non beam-formed case of sub 6GHz

Proposal 2: RAN4 should specify the ACLR in conjunction with the antenna elements used for beamforming i.e. the directivity of transmission and ACLR should be specified jointly

Proposal 3: RAN4 should not take UE beamforming into account for determining ACLR since ACLS strictly is a characterization of the transmission independent of the UE capability. 
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