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Introduction
The work item on New Radio (NR) Access Technology was recently approved in RAN #75 [1]. During the NR study item phase we already provided an overview of the key NR features affecting coexistence in the adjacent channel [2]. While the focus of the study item was on coexistence in the millimiter wave (mmW) spectrum, in this paper we address adjacent channel coexistence for below 6GHz scenarios. The goal of this contribution is to identify the main RF characteristics of NR which would eventually require additional coexistence studies compared to the ones already performed in TR 36.942 [3]. 
Discussion
The coexistence study performed during the NR study item phase required a huge effort and led to different (more relaxed) RF requirements. The main reasons justifying this big difference compared to the analysis carried out in TR 36.942 were mainly two:
· Much higher pathloss due to the mmW frequency ranges
· Beam forming with large number of antenna elements performed at both UE and BS side
Because of the high directive antenna the spatial distribution of both co-channel and adjacent channel interference was very different compared to the one previously analyzed in the LTE study. 
For below 6GHz scenarios, the expectation is to have assumptions similar to the ones analyzed in 36.942, therefore RF requirements are expected to be more aligned with LTE. In Table 1 we summarize the main simulation assumptions for the RAN4 adjacent channel coexistence study. The table compares LTE parameters (as specified in 36.942) and what we believe are the settings to be adopted for NR operating below 6GHz. As it can be observed, most of the parameters are equivalent, while the following aspects represent the main differences:
· Frequency ranges: LTE study was mainly derived for the 900MHz and 2GHz frequency ranges. For NR the primary new frequency range below 6GHz will be C-band (~4GHz, i.e. 3.3-4.2 GHz 4.4-4.99 GHz). Many other existing LTE bands will be also considered [1][4].
· Channel Bandwidth: the maximum LTE channel BW was 20MHz, for the NR this not decided yet, however it was agreed to study the range 100MHz ~ 200MHz [5].
· UE maximum Tx power: 23dBm UE was considered for LTE, however new requirements were derived in Rel 14 for HPUE in 2.6GHz [6] and additional HPUE studies are ongoing. For NR up to 26dBm can be considered depending on the specific frequency band.
· UL to DL interference: in 36.942 FDD or synchronous TDD deployments were taken into account. Asynchronous adjacent TDD operators were considered in the study to determine B42/43 additional spurious emission requirements. This study was partially based on ECC Report 131. Another case of UL to DL and DL to UL interference was analyzed for eIMTA. For NR, frame structure is expected to be more flexible in the sense that DL and UL allocation can dynamically change, therefore a possible DL/UL situation could be present. 
· Antenna gain at BS: for NR it is expected to have high antenna gain due to large number of elements contributing to the beam creation.
In the next section, we will consider the above differences and provide observations related to NR-NR and NR-LTE coexistence scenarios. 
[bookmark: _Ref477785283]Table 1. Summary of simulation parameters coexistence study below 6GHz.
	
	TR 36.942
	NR Below 6GHz

	Methodology
	Static MonteCarlo simulation
	Static MonteCarlo simulation

	Deployment
	Hexagonal grid (3 sectors). 19 tri-sector cell with wrap around.
	Indoor hostpot and hexagonal grid 

	Victim system
	LTE, UMTS, GSM
	NR and LTE, UMTS, GSM depending on the carrier frequency.

	PathLoss Model
	ITU-R Macro (UMa) based on Hata and extended Hata model. Urban, sub-urban and rural environments.
	Same as TR 36.942

	Frequency ranges
	900MHz and 2GHz
	C-band and other already existing LTE frequency ranges as in NR WID ([1][4])

	Channel Bandwidth
	Up to 20MHz
	In the 100MHz to 200MHz range (currently under investigation [5])

	UL power control
	2 open loop PC set defined based on coupling loss. Pl-xile values are computed depending on carrier frequencies and ISD.
	Same as TR 36.942

	DL power control
	No power control
	No power control

	UE antenna
	Omni
	Omni

	UE Tx Power
	23dBm (26dBm analyzed in other High Power UE studies [6])
	Up to 26dBm depending on the specific band

	BS antenna 
	3 sector antenna - 2D (only horizontal discrimination)
	up to 64 elements [7]

	SINR to th_put mapping
	Scaled Shannon's formula. 
	Scaled Shannon's formula (with update truncation and attenuation parameters if needed). 

	UL to DL interference
	Not capture in the TR because synchronous deployment is considered. 
	There is a potential DL/UL interference in adjacent channel. 

	Traffic
	Full buffer
	Full buffer 

	ACI leakage model
	ACIR = 1/(1/ACS+1/ACLR)
	ACIR = 1/(1/ACS+1/ACLR)

	Performance metric
	throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.
	throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.



Coexistence between NR and NR
The goal of this section is to understand if additional coexistence study compared to what done for LTE are needed for the NR to NR adjacent channel coexistence below 6GHz. NR frame structure is more flexible compared to LTE in the sense that a more dynamic DL/UL allocation should be allowed by design. This could potentially create cross UL/DL interference between adjacent channels. However, we will assume that scheduling or other mitigation techniques will help mitigating the impact of UL/DL interference. In other words, we consider a scenario in which the requirements are derived assuming only UL to UL or DL to DL interference.
[bookmark: _Ref477885101]NR BS to NR UE
In this case, NR BS leakage will create interference to UEs receiving in the adjacent channel. The key requirements are BS ACLR and UE ACS.
Regarding BS ACLR, it is expected that BS will be able to meet same ACLR as legacy LTE (45dBc). However, compared to LTE, a higher maximum EIRP is enabled at NR BS. In [7], for the evaluation of ECC requirements in 3400-3800MHz the following assumptions were made:
· Maximum output power: 43dBm
· Number of antenna elements: 64
· Antenna element gain: 9dBi
This would lead to 9dB higher EIRP compared to the assumptions for LTE BS. Whether these assumptions (especially the element gain) are the right ones should be further discussed in RAN4. 
Observation 1: RAN4 should clarify the maximum EIRP achieved by NR BS in below 6GHz deployment.
The result of having higher BS EIRP would be an impact on the NR UE target receiver requirements. This effect could be compensated in case of larger channel BW because of the lower power spectral density (PSD), however further discussion is required in RAN4. The higher directivity and the UE specific beamforming will bring benefit since the probability to be pointed by the BS beam will be lower. 
It is also worth noticing that higher BS EIRP will have impact on both adjacent channel performance and out of band blocking (OOBB). From adjacent channel point of view, even if we assume 45dBc BS ACLR it needs to be discussed whether using ACS in line with LTE (extended considering the higher channel BW cases) is enough to protect NR UEs. Our estimation is that, given the statistical behavior of UE specific beam forming, assuming BS ACLR, UE ACS in line with LTE requirements should be enough to guarantee the target performance. 
In summary, for the NR to NR coexistence in DL scenario, UE receiver requirements should be discussed in relationship of higher BS EIRP and UE specific beamforming.
Observation 2: for the NR to NR coexistence in DL scenario, UE receiver requirements should be discussed in relationship of higher BS EIRP and UE specific beamforming.
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In this specific case, UE ACLR and BS ACS are the parameters of interest. From RF point of view, NR UE behavior should be similar to LTE. BS higher directivity will also bring further benefits in terms of rejection of unwanted emission from UEs operating in adjacent channel. The larger channel BW is not expected to bring significant difference in terms of performance, therefore we believe that using UE ACLR and BS ACS similar to LTE specification will allow to provide enough protection for NR BS.
Observation 3: for the NR to NR coexistence in UL scenario, using UE ACLR and BS ACS similar to LTE requirements should allow to meet the target adjacent channel performance criteria.
Coexistence between NR and LTE 
NR could operate adjacent to LTE in below 6GHz deployment. The first thing to be clarified is the impact of the different frame structures. In the NR Technical Report 38.802, for NR-LTE coexistence it was clarified that [8]:
For adjacent channel/band operation of NR and LTE in the unpaired spectrum, NR supports efficient adjacent channel co-existence with LTE-TDD using UL-DL configurations 0,1,2,3,4,5 in unpaired spectrum. NR also supports efficient adjacent channel co-existence with LTE-TDD using all the special subframe configurations in unpaired spectrum.
And also 
Note that DL/UL interference also can be avoided by using dynamically assigned DL/UL transmission direction in some cases. 
Based on the above clarifications, in the following scenarios we will analyze the different LTE-NR coexistence case assuming that DL/UL interference in adjacent channel is not present. 
DL: NR BS to LTE UE
This case is very similar to the NR BS to NR UE case described in section 2.1.1. Main issues were already described and Observation 1 about clarification of maximum NR BS EIRP below 6GHz still applies here. Of course, this issue has different implications here since we are talking about impact of legacy LTE UEs.
 Observation 4: in case NR BS EIRP is higher compared to LTE BS EIRP, the impact to LTE UEs should be discussed.
UL: NR UE to LTE BS
In this specific case, UE ACLR is the most relevant requirement. Adopting a NR UE ACLR comparable to LTE UE would allow to protect LTE BS. It is worth noticing that NR UE will be able to use larger channel BW. However, this would be in general beneficial because, for the same maximum output power, the aggressor PSD will be lower. This was already captured in TR 36.942 where the correction factor FACLR = 10 × LOG10(Bvictim/BAggressor) was introduced to account for the asymmetric aggressor and channel BW. In Figure 1 an example of the impact of asymmetric BW is shown by considering 3 UEs per channel BW (common assumption in TR 36.942) and aggressor BW ten times larger then victim channel BW.
[image: ]
[bookmark: _Ref477949406]Figure 1. Wide band aggressor vs narrow band victim
The effective ACLR perceived by the victim are summarized in Table 2 assuming 30dBc and 43dBc first and second ACLR, respectively. As it can be observed the lower PSD results in 10dB higher perceived ACLR in the victim. 
[bookmark: _Ref477949690]Table 2. Example of effective ACLR due to asymmetric aggressor and victim BW (10:1 ratio).
	
	ACLR [dBc]
	Effective ACLR [dBc]

	
	Victim 1
	Victim 2
	Victim 3
	Victim 1
	Victim 2
	Victim 3

	Aggressor 1
	43.0
	43.0
	43.0
	53.0
	53.0
	53.0

	Aggressor 2
	43.0
	43.0
	43.0
	53.0
	53.0
	53.0

	Aggressor 3
	30.0
	30.0
	30.0
	40.0
	40.0
	40.0

	Cumulative
	29.6
	29.6
	29.6
	39.6
	39.6
	39.6



In summary, for the same absolute ACLR value, the larger channel BW available for NR will not have negative impact on coexistence with a narrower bandwidth system.
Observation 5: for the NR to LTE coexistence in UL scenario, using NR UE ACLR similar to LTE UE will allow coexistence with LTE BS.
DL: LTE BS to NR UE
For this coexistence case, the parameters to be analyzed are UE Rx requirements. To handle coexistence with LTE BS, NR UE Rx requirements should be specifying keeping in mind the already existing LTE UE Rx requirements. In other words, adopting requirements similar to LTE will allow to provide protection against leakage and blocking effects due to adjacent LTE BS. The main aspects to be considered here, are the aggressor BW in ACS/IBB tests and OOB blocking levels.
Observation 6: Adopting NR UE Rx requirements aligned with LTE will allow to protect NR UEs from LTE BS leakage and blocking effects.
UL: LTE UE to NR BS
Finally, this case is relevant for protection of NR BS against LTE UEs. Since LTE and NR UE are expected to have similar behavior from RF point of view, no specific issues are expected for coexistence between LTE UE transmitting and NR BS operating in adjacent channels. Also, as described in 2.1.2, NR BS higher directivity will also bring further benefits in terms of rejection of unwanted emission from UEs operating in adjacent channel.
Observation 7: No major issues are expected for protection of NR BS against LTE UE.
Summary
In the previous sections, we analyzed all the possible cases for NR-NR and NR-LTE adjacent channel coexistence. We focused on scenarios in which adjacent channels UL and DL transmissions are aligned in time, i.e. we assumed that other mitigation techniques will handle the possible UL/DL interference. A collection of the different cases analyzed is reported in Table 3, where the possible coexistence issues are also reported. In summary, this is what we observed:
· For UL scenarios, we do not see any specific need for coexistence study as far as NR UE Tx Requirements are similar to the LTE ones.  
· For DL scenario, there is an open question about the BS EIRP. In case it is confirmed that NR BS EIRP is significantly higher than LTE BS EIRP, an evaluation of the impact on UEs is needed. 
[bookmark: _Ref477960747]Table 3. Summary of analysed coexistence scenarios.
	Coex Scenario
	Aggressor
	Victim
	Potential Issue
	Potential Benefit
	Comments/Possible impacts

	NR to NR (DL)
	NR BS
	NR UE
	Higher BS EIRP compared to LTE
	UE specific beamforming
	Possible impact on OOBB, adjacent channel coex should be ok with legacy parameters but some clarification might be needed

	NR to NR (UL)
	NR UE
	NR BS
	 
	Antenna rejection at NR BS
	Positive impact of Antenna rejection, UE ACLR similar to LTE should guarantee enough protection

	NR to LTE (DL)
	NR BS
	LTE UE
	Higher BS EIRP compared to LTE
	UE specific beamforming
	Possible impact on OOBB, impact of higher EIRP could mitigate by lower PSD, however impact to existing LTE UEs should be clarified

	NR to LTE (UL)
	NR UE
	LTE BS
	 
	Larger channel BW for the aggressor will be beneficial
	No problem here if we keep legacy ACLR similar to LTE

	LTE to NR (DL)
	LTE BS
	NR UE
	LTE BS has narrower band compared to NR
	 
	This will be covered by applying LTE Rx requirements (i.e. ACS and OOBB similar to LTE)

	LTE to NR (UL)
	LTE UE
	NR BS
	 
	Antenna rejection at NR BS
	No major issues here, BS should be protected from LTE UEs



Based on the observation provided in this paper, our preferred approach is to reuse as much as possible the existing LTE RF requirements for NR below 6GHz. This would allow to avoid new coexistence studies in most of the deployement scenarios. In particular, for UL we do not see a specific need of new studies as far as UE Tx requirements for NR are comparable to the one specified for LTE.  
Observation 8: For UL coexistence scenarios, no coexistence study would be required if RF requirements similar to LTE are adopted.
For DL scenarios, there could be some difference in case of higher EIRP available for NR BS compared to LTE BS. It must be clarified if the higher EIRP will simply compensate the lower PSD (caused by the larger channel BW) or the resulting PSD will be significantly higher compared to LTE BS.
Observation 9: For DL coexistence scenarios, based on the NR BS Tx requirements (max EIRP, PSD, etc), it should be clarified whether there is an impact on UE using receiver requirements similar to LTE.
Conclusions
In this paper, we analyzed the different coexistence scenarios for NR operating below 6GHz. Based on the observations provided, our preferred approach is to reuse as much as possible existing LTE requirements. Nonetheless, specific aspects which could bring major differences should be discussed. In particular, we expect that a new coexistence study is not needed for UL as far NR UE ACLR is aligned with LTE ACLR. For the DL case, further clarification about NR BS operating conditions are needed to evaluate whether there is an impact to UE adopting Rx requirements similar to LTE. 
We made the following observations to trigger discussion in RAN4: 
Observation 1: RAN4 should clarify the maximum EIRP achieved by NR BS in below 6GHz deployment.
Observation 2: for the NR to NR coexistence in DL scenario, UE receiver requirements should be discussed in relationship of higher BS EIRP and UE specific beamforming.
Observation 3: for the NR to NR coexistence in UL scenario, using UE ACLR and BS ACS similar to LTE requirements should allow to meet the target adjacent channel performance criteria.
Observation 4: in case NR BS EIRP is higher compared to LTE BS EIRP, the impact to LTE UEs should be discussed.
Observation 5: for the NR to LTE coexistence in UL scenario, using NR UE ACLR similar to LTE UE will allow coexistence with LTE BS.
Observation 6: Adopting NR UE Rx requirements aligned with LTE will allow to protect NR UEs from LTE BS leakage and blocking effects.
Observation 7: No major issues are expected for protection of NR BS against LTE UE.
Observation 8: For UL coexistence scenarios, no coexistence study would be required if RF requirements similar to LTE are adopted.
Observation 9: For DL coexistence scenarios, based on the NR BS Tx requirements (max EIRP, PSD, etc), it should be clarified whether there is an impact on UE using receiver requirements similar to LTE.
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