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Introduction
This contribution addresses the adjacent channel coexistence study which needs to be performed in RAN4 to determine the RF requirements for the New Radio (NR) [1]. The goal of the paper is to identify the key elements which will differentiate the new analysis compared to the studies already performed in the past in RAN4. To this aim, we first provide a quick overview of the current methodology adopted in RAN4, as described in TR 36.942 [2], and then focus on each aspects identifying what are the most relevant changes required compared to the classical methodology. 
It is worth noticing that the outcome of the RAN4 study will also serve as a reply to the ITU-R WP5D “LS on Characteristics of terrestrial IMT systems for frequency sharing/interf. analysis in  24.25 - 86 GHz” [3]. In this paper, however we present a more general analysis considering both below and above 6GHz scenarios. The final goal is to provide a table which summarizes all the issues which need to be addressed to finalize the adjacent channel coexistence study in RAN4.  
Adjacent channel coexistence methodology specified in TR 36.942
RAN4 has a very good experience on studying transmitter and receiver requirements based on adjacent channel coexistence simulations. The overall methodology is captured in two technical reports, TR 36.942 for LTE [2] and TR 25.942 for UMTS [4], and it is based on MonteCarlo trials in which each snapshot represents an independent network realization. From this perspective, the simulation is static in the sense that the time dynamic evolution of the system is not taken into account. This is also one of the major differences compared to the simulations performed in RAN1. The methodology consists of running several snapshots in which UEs are dropped randomly in a given area served by several base station. The goal of the simulation is to understand the performance degradation due to the adjacent channel interference (ACI) compared to a baseline in which only thermal noise and co-channel interference is present. In other words, the simulation consists of the following two main steps:
· Step1: a single operator network is analyzed. In this case mean and cell edge throughput are only affected by thermal noise and co-channel interference coming from adjacent cells.
· Step 2: a network in which two operators are operating in adjacent channel is analyzed. The throughout degradation in this scenario compared to the first step is analyzed as a function of the main RF parameters (i.e. ACLR and ACS). The requirements are determined in order to keep mean and cell edge throughput degradation within a certain threshold (typically 5%)
The typical layout analyzed in Macro cell scenario is made of hexagonal cells [2]. In particular, 19 tri-sector cells with wrap-around are considered. The propagation environment is Urban or Rural with corresponding path loss model. Since it is assumed that adjacent operators are synchronized only the cases of UL to UL and DL to DL interference are taken into account, i.e. UE to UE or UL to DL is not analyzed. The traffic model adopted is full buffer to analyze a worst case scenario. Regarding the antenna pattern, for UE it is assumed to be omnidirectional antenna with 0dBi gain, while for BS the assumption is a 3 sector 2 dimensional pattern. The power control (PC) is assumed only in UL and it is based on an open loop formula which scales transmit power based on a path loss percentile, PL-xile). In TR 36.492 two PC set were specified, those parameters need of course to be tuned if different carrier frequencies or cell sizes are analyzed. As already mentioned, the performance metric analyzed to determine the RF requirements is throughput degradation due to ACI, both mean 5%-tile values. The link level performance which maps the SINR into throughput is also defined in Appendix 1 of 36.942, the function is a scaled and truncated version of Shannon’s bound. Finally, the modeling of the interference leakage is based on the Adjacent Channel Interference Ratio (ACIR) which is a combination of both transmitter (ALCR aggressor) and receiver (ACS victim) imperfections.
A summary of the simulation assumptions adopted in TR 36.942 is reported in Table 1. The table contains the most relevant assumptions and some modifications (compared to the typical settings) performed in other RAN4 study items. In the following sections we will analyze each of the entries the table and discuss potential changes which need to be performed for NR.
[bookmark: _Ref450568691]Table 1. Main simulation assumptions in TR 36.942. The table also includes some relevant variations compared to the legacy methodology adopted in RAN4.
	
	TR 36.942
	Other relevant ACI coex analysis

	Methodology
	Static MonteCarlo simulation
	 

	Deployment
	Hexagonal grid (3 sectors). 19 tri-sector cell with wrap around.
	In LAA Technical Report, indoor hotspot and outdoor with small cells cluster was analyzed [TR 36.889]. In eIMTA ACI coexistence study, Macro+Pico scenario with clustering was considered.

	Victim system
	LTE, UMTS, GSM
	Coexistence with NB-IOT were analyzed in NB-IOT TR (TR 36.802)

	PathLoss Model
	ITU-R Macro (UMa) based on Hata and extended Hata model. Urban, sub-urban and rural environments.
	In LAA study item, urban Micro (UMi) and indoor hotspot models were also analyzed. In HPUE study item [TR 36.886], for rural case the Macro model has been updated to consider the very large Inter Site Distance. 

	Carrier frequency
	900MHz and 2GHz
	5GHz considered for LAA, 3.5GHz and 2.6GHz considered in other studies

	Channel Bandwidth
	Up to 20MHz
	 

	UL power control
	2 open loop PC set defined based on coupling loss. Pl-xile values are computed depending on carrier frequencies and ISD.
	In HPUE, new PC set scenarios have been introduced.

	DL power control
	No power control
	 

	UE antenna
	Omni
	 

	BS antenna 
	3 sector antenna - 2D (only horizontal discrimination)
	 

	SINR to throughput  mapping
	Scaled Shannon's formula. 
	 

	UL to DL interference
	Not capture in the TR because synchronous deployment is considered. 
	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. 

	Traffic
	Full buffer
	In some specific studies, an activity factor smaller than 1 was considered.

	ACI leakage model
	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.
	 



Adjacent channel coexistence methodology for the New Radio
The 5G study item was approved in RAN #71 [1]. RAN4 needs to address the “fundamental RF aspects” and to “identify relevant RF parameters used to be used for sharing and co-existence studies”. Before going into details is worth mentioning that for 5G several usage scenarios are foreseen, in particular IMT for 2020 and beyond include:
· eMBB (enhanced Mobile Broadband)
· mMTC (massive Machine Type Communications)
· URLLC (Ultra-Reliable and Low Latency Communications)
Although the above scenarios represent completely different use cases, from RF coexistence point of view, there is no need to conduct ad hoc study for each of the above categories. In particular, as a first priority RAN4 should focus on eMBB scenarios, which will most likely drive the RF requirements. Ad hoc coexistence studies for the other two categories needs to be performed if RAN1 design will require that. Therefore, in the following we will only focus on eMBB.
Proposal 1: RAN4 should prioritize on eMBB scenarios for the NR ACI coexistence study. 
The above proposal was already discussed in RAN4 #78bis [10]. In the following sub-sections we focus on each individual simulation assumption and we provide observations to clarify the differences compared to the LTE adjacent channel coexistence studies. Since 5G systems will be deployed below and above 6GHz, we will also try to address specific issues which will only need to be addressed for deployments above 6GHz.
One of the major aspects to be included in the NR coexistence study is the high directivity antenna employed in mmWave scenarios. This will bring a complete new dimension in the ACI coex study, i.e. the spatial control of the interference. In previous studies omni-directional antenna at UE and tri-sectors antenna BS were considered, implying a very wide spread of interference in the spatial domain. Because of the high directive beams, in the mmWave scenarios the probability to be interfered by an aggressor device operating in the adjacent channel will be significantly lower. This means that the ACLR and ACS parameters need to be revised by considering a new statistical relationship between victim and aggressor in terms of the overall link budget, which includes the high directivity Tx/Rx antennas.
[bookmark: _Ref450580533]Deployment
New deployments scenario are already included in the NR technical report [8]. Considering eMBB, the following 5 scenarios are taken into account: 
· indoor hotspot: both above (30GHz or 70GHz) and below 6GHz (around 4GHz). Single layer indoor hotspot model as the one adopted for indoor LAA.
· dense urban: both below (4GHz) and above 6GHz (30GHz). Two layers: Macro layer with hexagonal grid and Micro layer with random drop in Macro layer.
· rural: below 6GHz only, i.e. 700MHz and around 4GHz. Single layer with hexagonal grid.
· urban macro: both below (2GHz and around 4GHZ) and above 6GHz (around 30GHz). Single layer with hexagonal grid
· high speed: only below 6GHz (around 4GHz). Two options: Macro only or relay + Macro
As it can be observed, most of the layouts were already developed in the past. In terms of priority we propose to first focus on indoor hotspot, rural and urban macro scenarios.
Proposal 2: RAN4 should prioritize indoor hotspot, rural and urban macro scenarios. 

Victim system
In terms of victim systems, the main difference will be whether NR needs to coexists in the same geographical area only with other NR adjacent systems or with GSM/UMTS/LTE systems. For below 6GHz operation, adjacent channel coexistence with GSM/UMTS/LTE will be needed, while for deployment above 6GHz, the priority should be to consider coexistence only with adjacent NR operators.
Proposal 3: whether to consider GSM/UMTS/LTE operating in adjacent channels depends on the specific deployment and carrier frequency. Above 6GHz the focus should be only on adjacent coexistence with other NR operators. 

Path Loss Model
Below 6GHz the same path loss model defined in TR 36.942 [2] and LAA TR [5] can be adopted. For above 6GHz, RAN1 is currently working on the channel model and the work is almost finalized, RAN4 needs to get the latest updates from RAN1 channel modelling SI.
Proposal 4: for below 6GHz, RAN4 should use the same path loss model adopted in TR 36.942 and LAA TR.
Proposal 5: for above 6GHz, RAN4 should use the path loss model agreed in RAN1 SI on channel modelling.

Carrier frequency
As already describe in section 3.1, several carrier frequencies are under considerations in [8] for eMBB:
· Below 6GHz: 700MHz, around 2GHz, around 4GHz
· Above 6GHz: around 30GHz and around 70GHz
Regarding the prioritization, we believe we can select one carrier frequency for below 6GHz and one for above 6GHz. Since ~4GHz represents the most promising spectrum in which very wide band channels can be allocated, we make the following proposal:
Proposal 6: for below 6GH RAN4 should focus on 4GHz, for above 6GHz RAN4 should focus on 30GHz.

Channel Bandwidth
One of the key differences compared to the analysis carried out for LTE will be the channel bandwidth. Two different carrier BW for single channel operations below and above 6GHz can be selected. 
Proposal 7: for the ACI coexistence study RAN4 should select two channel BW (single channel operation), one for deployment below 6GHz and one for deployment above 6GHz.
UL power control
The uplink power control specified in TR 36.942 is based on the following open loop formula [2]: 

Where the two main parameters determining the power control behaviour are  and  .  is the balancing factor for UEs with bad channel and UEs with good channel DL power control, while is the x-percentile path loss (plus shadowing) value. Together those two parameters will determine how much aggressive is the power control, i.e. how many UEs are allowed to transmit at maximum output power. In 36.942, two set of values were agreed for a given ISD and carrier frequencies. The PC setting needs to be updated every time different scenarios (in terms of cell size and carrier frequencies) are taken into account. An interesting discussion of UL PC set was recently carried out during HPUE study item and captured in TR 36.886 [6]. The resulting power control parameters are a trade-off of several factors, including mean and cell edge throughput, noise raise due to intra system interference, and so on.
We believe that at least for the first phase of the coexistence study we can use the same methodology defined in TS 36.942 and only adapt the PC set parameters to the scenario under considerations. 
Proposal 8: RAN4 should utilize the same power control approach as defined in TR 36.942 by adapting the PC set parameters to the scenario under considerations.
DL power control
In LTE adjacent channel coexistence study, Base Stations do not perform power control, i.e. power control is only limited to the UL case. We believe that the same approach should be used in the first phase of the RAN4 coexistence study. Further considerations about the possible benefit of PC in DL can be provided in a later stage.
Proposal 9: no power control should be considered for the DL case.
UE and BS antenna
In TR 36.942 UE was assumed to have omnidirectional antenna. The same assumption was adopted in LAA coexistence study. Therefore for below 6GHz, we can assume an omnidirectional antenna at UE. For above 6GHz, the situation is completely different. For millimeter wave scenarios, high gain beam steering antenna is an essential component of the system design to guarantee adequate system performance. At the same time, the high directional beam will allow a spatial control of interference. Since in previous study, each UE spread interference equally in all directions, the same leakage level (i.e. the same ACLR requirements) has a completely different impact on the victim system. Therefore a modelling of the UE beamforming pattern is an essential element to determine the right RF requirements. The same applies to BS which will indeed have even higher directivity. 
Proposal 10: for below 6GHz omnidirectional antenna at UE and 3-sectors BS antenna can be used the initial coexistence study.  
Proposal 11: for above 6GHz an accurate modelling of the antenna elements characterizing UE and BS is required. 
Another aspect RAN4 needs to consider is how to use the antenna pattern. One option would be to assume that the beam is always pointing to the Line Of Sight (LOS) direction, while the path loss will account for the probability to have further attenuation due to NLOS. For RAN4 purposes this should be a good approximation because the randomness of the victim to interfere link will already statistically account for possible misalignment of the main lobe compared to the LOS direction.
SINR to Throughput mapping
In LTE ACI coexistence study a very simple modelling of the Link Level performance was adopted. The model was based on a truncated and attenuated version of the Shannon’s bound, i.e.:
 
Where S is the Shannon’s bound,  is the minimum decodable SINR,  is the maximum achievable throughput and  is corresponding SINR, α is the attenuation factor which takes into account the system inefficiency and implementation loss compared to the Shannon’s limit. An example of the DL and UL performance adopted in TR 36.492 is also shown in Figure 1.
[image: ]
[bookmark: _Ref450653850]Figure 1. DL and UL Link Level performance adopted in 36.492 study [2].
Since in NR, the modulation and coding scheme will be modified, we will have a different SINR to throughput mapping. One possibility is to keep the same truncated and updated version of the Shannon’s bound and update the attenuation and truncation parameters based on RAN1 input. 
Proposal 12: RAN4 should update the Link Level performance model based on RAN1 input. One possibility is to reuse attenuated and truncated version of Shannon’s bound and update the attenuation and truncation parameters.
UL to DL interference
The general approach in TR 36.942 was to consider DL to DL or UL to UL interference. For the DL to DL case, the performance degradation was computed at the UE side and was caused by Base Stations operating on the adjacent channel. For this case the bottleneck determining the performance was the selectivity at the UE side. In the UL to UL case, throughput was measured at the base station, and the ACI degradation was caused by UE operating on adjacent channels. For this scenario UE ACLR was the main factor affecting overall performance in the presence of ACI. 
The case of DL to UL and UL to DL was not taken into account because the bottom-line assumption was synchronized networks. However, at least in two particular cases this scenario was analysed. UE to UE (or UL to DL) interference was studied for B42/43 coexistence in case of TDD asynchronous operations, i.e. two adjacent TDD operators with different TDD cfg and/or not synchronized subframes. This study led to the specification of additional spurious emission requirements already specified in TS 36.101. Another interesting study case was eIMTA, in which it is possible to adapt TDD cfg to the DL/UL traffic request in the cell at the cost of increasing intra-system interference. 
At this stage, it is premature to consider the case of cross DL-UL interference since we do not have enough elements to understand what would be the final RAN1 design. As a consequence, RAN4 should prioritize the cases of DL to DL and UL to UL ACI coexistence.
Proposal 13: RAN4 should prioritize the cases of DL to DL and UL to UL ACI coexistence.
Traffic
As already done in TR 36.942, the first priority for RAN4 should be full buffer traffic. 
Proposal 14: RAN4 should analyse full buffer traffic. Other activity factors are a second priority. 
ACI leakage model
The model adopted in [2] to simulate the impact of the interference leakage on the adjacent channel was based on a combination of transmitter ACLR and receiver ACS. Indeed, the combined effect of the receiver and transmitter imperfection was modelled through the Adjacent Channel Interference Ratio (ACIR):

Regarding the ACLR, the modelling assumes a flat value over the victim bandwidth. In case of asymmetric bandwidths between transmitters, the effective ACLR is obtained by scaling/integrating the ACLR over the victim bandwidth. For NR, as far as we consider channel BW which are comparable to the one adopted for LAA, the same flat ACLR and ACIR modelling can be adopted. In case of very wideband however, the PA behaviour should be taken into account to understand if a more accurate modelling is needed.
Proposal 15: in a first stage of the NR ACI coexistence study the approach based on ACIR as defined in TR 36.942 can be adopted.
Performance metric
Since we are considering eMBB, the most relevant performance metric is DL and UL throughput. As already done in TR 36.942, RAN4 should consider mean and 5%-tile throughput degradation due to ACI, The baseline should be a single channel scenario, i.e. a scenario in which SINR is determined by thermal noise and co-channel interference only. 
Proposal 16: RAN4 should analyse mean and 5%-tile throughput degradation due to adjacent channel interference.
Summary
In Table 2, we summarize the proposal and observations made in this contribution, including what we believe should be the priority in the first stage of the ACI coexistence study. As already mentioned, the table refers to the eMBB case which we believe should be the first priority for the RAN4 study. Both below and above 6GHz scenarios are taken into account.
The table is presented to help the discussion in RAN4. As a way forward of RAN4 #79, companies can start the discussion and try to agree on a similar table. 
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Table 2. Main simulation assumptions for the initial RAN4 NR ACI coexistence study.
	
	
	Simulation Assumptions for NR

	
	TR 36.942
	Below 6GHz
	Above 6GHz

	Methodology
	Static MonteCarlo simulation
	Static MonteCarlo simulation
	Static MonteCarlo simulation

	Deployment
	Hexagonal grid (3 sectors). 19 tri-sector cell with wrap around.
	indoor hostpot and hexagonal grid (two layers second priority)
	indoor hostpot and hexagonal grid (two layers second priority)

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

	PathLoss Model
	ITU-R Macro (UMa) based on Hata and extended Hata model. Urban, sub-urban and rural environments.
	Same as TR 36.942
	Updated based on RAN1 channel modeling SI outcome.

	Carrier frequency
	900MHz and 2GHz
	~4GHz
	~30GHz

	Channel Bandwidth
	Up to 20MHz
	To be discussed
	To be discussed

	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, adapting PC set parameters to the scenario
	Same as TR 36.942, adapting PC set parameters to the scenario 

	DL power control
	No power control
	No power control 
	No power control

	UE antenna
	Omni
	Omni
	Beamforming pattern

	BS antenna 
	3 sector antenna - 2D (only horizontal discrimination)
	3 sector antenna
	Beamforming pattern

	SINR to throughput  mapping
	Scaled Shannon's formula. 
	Scaled Shannon's formula with update truncation and attenuation parameters. 
	Scaled Shannon's formula with update truncation and attenuation parameters. 

	UL to DL interference
	Not capture in the TR because synchronous deployment is considered. 
	Not considered at this stage
	Not considered at this stage

	Traffic
	Full buffer
	Full buffer (other activity factor is second priority or optional)
	Full buffer (other activity factor is second priority or optional)

	ACI leakage model
	ACIR = 1/(1/ACS+1/ACLR)
	ACIR = 1/(1/ACS+1/ACLR)
Alternative model needed only if RAN4 identifies specific issues
	ACIR = 1/(1/ACS+1/ACLR)
Alternative model needed only if RAN4 identifies specific issues

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



[bookmark: _GoBack]Conclusions
In this paper, we discussed the main aspects which RAN4 needs to address for the NR adjacent channel coexistence study. As a first priority we focus on eMBB. Considering deployments above and below 6GHz we made the following proposals:  
Proposal 1: RAN4 should prioritize on eMBB scenarios for the NR ACI coexistence study. 
Proposal 2: RAN4 should prioritize indoor hotspot, rural and urban macro scenarios. 
Observation 3: whether to consider GSM/UMTS/LTE operating in adjacent channels depends on the specific Proposal and carrier frequency. Above 6GHz the focus should be only on adjacent coexistence with other NR operators. 
Proposal 4: for below 6GHz, RAN4 should use the same path loss model adopted in TR 36.942 and LAA TR.
Proposal 5: for above 6GHz, RAN4 should use the path loss model agreed in RAN1 SI on channel modelling.
Proposal 6: for below 6GH RAN4 should focus on 4GHz, for above 6GHz RAN4 should focus on 30GHz.
Proposal 7: for the ACI coexistence study RAN4 should select two channel BW (single channel operation), one for deployment below 6GHz and one for deployment above 6GHz.
Proposal 8: RAN4 should utilize the same power control approach as defined in TR 36.942 by adapting the PC set parameters to the scenario under considerations.
Proposal 9: no power control should be considered for the DL case.
Proposal 10: for below 6GHz omnidirectional antenna at UE and 3-sectors BS antenna can be used the initial coexistence study.  
Proposal 11: for above 6GHz an accurate modelling of the antenna elements characterizing UE and BS is required. 
Proposal 12: RAN4 should update the Link Level performance model based on RAN1 input. One possibility is to reuse attenuated and truncated version of Shannon’s bound and update the attenuation and truncation parameters.
Proposal 13: RAN4 should prioritize the cases of DL to DL and UL to UL ACI coexistence.
Proposal 14: RAN4 should analyse full buffer traffic. Other activity factors are a second priority. 
Proposal 15: in a first stage of the NR ACI coexistence study the approach based on ACIR as defined in TR 36.942 can be adopted.
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