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1  Introduction
In the meeting RAN102 the WI on the evolution of NR duplex operation was approved [1]. Regarding CLI the WID contains the following topics: 
	· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 



Technical details to mitigate gNB-gNB CLI as well as UE-UE CLI were discussed in the previous RAN1 meetings. This contribution provides some aspects from a operator point of view. 

2  Discussion 
2.1 SBFD use cases 
Many simulation results of the SBFD study phase show that due to high intra-cell self-interference SBFD is at least challenging to operate in macro layer scenarios. 
But there is also no need to use SBFD in a macro layer since 
1) most operators also operate FDD spectrum in addition to TDD and latency critical services can run on these FDD layers, and 
2) the downlink traffic is much higher than the uplink traffic and, thus, there is no need to increase the uplink capacity by SBFD.
It can be concluded that SBFD might be useful for outdoor micro gNBs and outdoor pico gNBs. Generally, those gNBs do not have many carriers and if only TDD is available in those cells, SBFD enables to reduce latency and to adapt the uplink/downlink capacity ratio. Since the EIRP of micro and pico gNB antennas is much lower than of macro gNB antennas, the self-interference might be possible to handle. 
For indoor scenarios, and in particular in event areas, the traffic in uplink and in downlink is almost similar. Since the TDD pattern can not be changed easily, SBFD is one option to increase the uplink capacity in those scenarios. 
Observation 1: Outdoor micro layer or outdoor pico layer, indoor systems and event areas are the most realistic deployment scenarios for SBFD. 

2.2  gNB to gNB CLI 
2.2.1 Determination of victim and aggressor cells 
During the last meeting the question was raised, how to determine the aggressor and victim cells. 
Due to many gNB-gNB interference relations it will be quite extensive and time consuming to determine via measurements which gNB is the aggressor and which is the victim.
Based on observation 1, pure TDD will run on macro gNBs and SBFD on outdoor micro and pico gNBs (event areas, urban streets) and/or indoor systems. For simplicity all of them are called as ‘micro gNB’ below. In this case the aggressor cells are the surrounding macro TDD gNBs and the neighbouring SBFD micro gNBs – but those with clearly lower interference due to much lower output power which likely will not lead to receiver blocking in the victim SBFD gNB. 
The main aggressor macro gNBs can be determined by a radio network planning tool and a list of aggressor gNBs can be send to the victim SBFD gNBs via O&M. The same is true for neighbouring micro gNBs operating SBFD. That approach would avoid comprehensive measurements to determine aggressor and victim cells and required gNB to gNB signalling. 
This approach will also work for inter-operator adjacent channel CLI. Precondition is that the operators are collaborating which is also a prerequisite for a purely measurement-based solution and data exchange via the Xn interface. 
Even if a list of aggressor gNBs including relevant parameter (PCIs, CSI-RS ports …) is available at the victim gNB, the victim gNB has at least to verify by measurements if the main aggressors according to the list are really the true main aggressors. E.g. in a time period of low traffic the victim gNB measures the CLI from the top aggressor gNBs of such a list and determines the most interfering cell. Since the gNBs are stationary the radio channel does not vary so much and, therefore, the time interval between two consecutive measurements can be large.  
Observation 2: Aggressor and victim gNBs can be determined by a radio network planning tool. 
Proposal 1: Aggressor and victim gNBs are set via the O&M. Each SBFD cell receives a list of potential aggressor cells and required parameters (PCIs, CSI-RS Ports …)
Proposal 2: The victim gNB verifies by measurements if the top aggressor gNBs according to the list are really the true top aggressor gNBs. 

2.2.2 gNB – gNB CLI mitigation techniques at aggressor or at victim gNB 
In RAN1 CLI mitigation techniques have been discussed at aggressor gNB as well as at victim gNB. At the aggressor gNB TX beam nulling is regarded as an option for CLI reduction. In cooperation with one of our RAN vendors we tested TX beam nulling with a64TX antenna on a 5G NR carrier using band n78. The outcome of the test was very positive, but TX beam nulling will reduce the coverage in a quite large part of a cell. If we assume that the aggressor gNB is a macro gNB and the victim gNB is a micro gNB, it makes not much sense to reduce the coverage in a macro layer for CLI reduction at a micro gNB. Furthermore, as discussed in RAN1, additional information exchange between victim and aggressor gNB is required. 
gNB to gNB CLI reduction performed only at the victim gNB has at least 2 benefits: 
· No information exchange is required between victim and aggressor gNB 
· The coverage reduction due to TX beam nulling can be avoided. 
The antennas of micro gNBs typically do not contain many RX chains making RX beam nulling not that efficient, but the antennas of an indoor system or event area can cooperate jointly to reduce gNB-gNB CLI. 
With one of our RAN vendors we performed a test of CLI interference reduction technique applied to an indoor distributed antenna system (DAS) in a carrier on band n78. The indoor DAS was the victim gNB and the 64 TX antenna of the macro aggressor gNB was located closely to the indoor system. The results we achieved were very promising. 
Observation 3: TX beam nulling at aggressor gNBs in a macro layer will reduce the coverage in a significant part of the macro cell. 
Proposal 4: In order to avoid coverage reduction TX beam nulling is not the preferred CLI reduction technique. 
Proposal 5: RAN1 should concentrate on gNB-gNB CLI reduction at the victim gNB. 

2.3.  UE - UE CLI mitigation 
For UE-UE CLI mitigation it is very complicated to identify strong interfering UEs by measurements because many UEs are transmitting data at a specific time. Those measurements might significantly reduce the performance. Moreover, the gNB has to be informed about the interfering UEs to consider them e.g. for coordinated scheduling. Due to burst traffic, the location of interfering UEs changes quickly and the information about interfering UEs might be out of date at the time the CLI reduction mechanism is initiated for the observed interfering set of UEs.  
However, it is worth to think about the question, if UE-UE CLI is really such relevant. In the case of event areas, many people are spatially distributed in a very limited area. Thus, the UEs are located closely together but due to blocking persons the path loss between UEs will be quite high. In this case it should be clarified if UE-UE CLI is really a relevant interference scenario. For indoor scenarios it is unlikely that connected UEs are located very closely together. Building walls and other obstacles increase the pathloss between the active UEs. For outdoor micro gNBs it is also unlikely that connected UEs are located close to each other and UE-UE CLI is not relevant.  
Even if UE to UE CLI would be relevant in the above mentioned cases, its impact on the performance could be reduced by 
1) allocating RBs far away from the UL subband for latency critical services as voice 
2) legacy techniques as frequency-selective scheduling (e.g. RBs with high interference are avoided) and HARQ can be applied for best effort applications
Observation 4: The properties of burst traffic makes UE-UE CLI techniques challenging. The measurement effort is high and the observation might be outdated once the CLI mitigation techniques is adapted for the observed set the interfering UEs. 
Observation 5: For the likely SBFD uses cases UE-UE CLI might be not such relevant and legacy techniques such as e.g. scheduling based on ACK/NACK can be used to further reduce the impact of CLI.
Proposal 6: RAN1 should stop the work on UE-UE CLI interference mitigation. 

3.	Summary and Conclusions
Observation 1: Outdoor micro layer or outdoor pico layer, indoor systems and event areas are the most realistic deployment scenarios for SBFD. 
Observation 2: Aggressor and victim gNBs can be determined by a radio network planning tool. 
Proposal 1: Aggressor and victim gNBs are set via the O&M. Each SBFD cell receives a list of potential aggressor cells and required parameters (PCIs, CSI-RS Ports …)
Proposal 2: The victim gNB verifies by measurements if the top aggressor gNBs according to the list are really the true top aggressor gNBs. 
Observation 3: TX beam nulling at aggressor gNBs in a macro layer will reduce the coverage in a significant part of the macro cell. 
Proposal 4: In order to avoid coverage reduction TX beam nulling at marco gNBs is not the preferred CLI reduction technique. 
Proposal 5: RAN1 should concentrate on gNB-gNB CLI reduction at the victim gNB. 
Observation 4: The properties of burst traffic makes UE-UE CLI techniques challenging. The measurement effort is high and the observation might be outdated once the CLI mitigation techniques is adapted for the observed set the interfering UEs. 
Observation 5: For the likely SBFD uses cases UE-UE CLI might be not such relevant and legacy techniques such as e.g. scheduling based on ACK/NACK can be used to further reduce the impact of CLI.
Proposal 6: RAN1 should stop the work on UE-UE CLI interference mitigation. 
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