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Introduction
In RAN plenary #71, a study item on ‘New Radio Access Technology’ was approved [1] based on consensus that a new non-backward compatible radio access technology need to be developed in order to meet the challenges of next generation cellular communications. The SI will study and evaluate potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications.
In this contribution, we discuss the specification support for interference coordination in new radio interface. As evaluated in numerous LTE study and work items, interference coordination is one of the key technologies for enhanced cellular performance especially for those UEs in cell edges. In dense urban deployment scenarios, being able to provide effective interference coordination in the network could change UE experience by as much as 50%. The purpose of this contribution is to discuss possible guideline that can be adopted in designing specification support for interference coordination in NR. Furthermore, a number of possible coordination schemes will be presented for consideration in future RAN1 work.
Interference coordination in LTE
1 
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Since the publication of LTE Rel-8, numerous enhancements were made on LTE so that benefits of interference coordination can be effectively achieved. A summary of different specification supports for interference coordination are provided in Table 1.
[bookmark: _Ref446593868]Table 1. Summary of different specification support for interference coordination in LTE.
	TECHNOLOGY
	SPECIFICATION SUPPORT
	BACKHAUL REQUIREMENT
	NETWORK DEPLOYMENT

	ICIC
	X2 messaging for exchange of TX power info to coordinate frequency domain TX power
	Low
	Any

	eICIC, feICIC
	Subframe subsets for CSI measurement to support time domain ON/OFF coordination and CRE
	Low
	HetNet

	CoMP
	CSI process and IMR for generation of CSI based on multiple channel/interference hypothesis
	High
	Any

	Inter-eNB CoMP
	X2 messaging for exchange of resource coordination and interference hypothesis info
	Medium
	Any

	eIMTA
	IMR subframe subsets for measuring different DL-UL interference situations
	Medium
	Small cells

	NAICS
	Higher-layer signaling to facilitate the interference cancellation and suppression for interfering cells at UE side
	Low
	Any

	feCoMP
	Study item in Rel-14
	High
	Any


As shown in Table 1, different specification support are provided in LTE to meet different deployment scenarios or different network implementations (ex: backhaul). Although the specification support for each technology is quite different from the others, the underlying principle is very similar. UE generates multiple sets of CSI which are measured over different channels and/or interference levels to allow eNB to effectively coordinate how wireless resources are allocated across multiple cells.
Having different specification support could be good for optimizing each technology but the consequence is mainly on the UE which has to implement most (if not all) UE features related to interference coordination.
Interference coordination in NR
3 
Overall design principle for specification support
Interference coordination in NR should be designed so that a common specification framework can provide the necessary tools for various types of interference coordination schemes. In essence, the core of any interference coordination scheme is the measurement of multiple channel or interference hypotheses. In doing so, the design should strive for as much UE transparency as possible in order to provide flexibility in network operations. Furthermore, the wireless resource dedicated to the measurement of multiple channel or interference hypotheses needs to be kept reasonable even under typical NR scenarios where dense small cell are deployed or when there are a large number of eNB antennas.
Another aspect to consider for NR interference coordination is on the issue of exploiting advanced receivers at the UE side in conjunction with interference coordination at the network side. For example, if a UE’s receiver can support interference cancellation, the network can utilize this information to better coordinate interference among multiple TRPs. Interference coordination based on advanced transceivers should be considered as one of the candidate schemes for NR.
In the following, we summarize these specification design principles for NR interference coordination.
· Common framework: Although interference coordination may be implemented differently according to the network capability, specification support to measure different channel or interference should designed with as much commonality as possible.
· UE transparency: Specification support should be designed so that network operation is transparent to the UE. Such UE transparency would allow flexibility in network operations. For example, the same specification support could be used by one network to implement semi-static time domain ON/OFF or by another network to implement joint transmission that requires dynamic coordination across multiple TRPs.
· Improved interference measurement: Interference measurement should be designed to support accurate interference measurement at the UE side and effective interference controllability at the network side. Furthermore, most interference coordination schemes rely on having to measure multiple interference levels. Specification support that allows such operation at the cost of limited wireless overhead would be preferable.
· Support for advanced receiver based interference coordination: Specification support should be provided so that network can exploit advanced UE receivers in conjunction with interference coordination. Such specification support would enable the network to schedule more aggressive levels of inter-cell interference by relying on advanced UE receivers to mitigate or cancel the excessive interference.
In general, we expect NR interference coordination to be quite similar to that of LTE in that specification support will be focused on UE’s ability to measure different channel or interference levels. However, given NR will have some new features that are different from LTE, we need to carefully study how these features need to be taken into account. The following are some of the new or different aspects of NR that might need to be considered:
· Dense cell/TRP deployment: In future NR deployment scenarios, the density of cells (or TRPs) is expected to be much higher than that of LTE. With a higher cell density, the number of interference or channel hypothesis that needs to be taken into account will increase accordingly.
· [bookmark: _GoBack]Two dimensional antenna array: NR MIMO is expected to be designed around a two dimensional antenna array much like FD-MIMO in LTE. Being able to steer transmission signals in vertical domain will generate different level of interference to adjacent cells depending on the beam direction.
· UE receivers with advanced interference mitigation/cancellation capability: NR UEs could be implemented with receivers that are more advanced compared to LTE UEs. Depending the specification support, the network would be able to maximize the benefits of these advanced UE receivers to optimally control the co-channel interference.
· Support of new verticals: Coordinated scheduling in either CoMP or eICIC revolved around stopping transmission on one cell (or TPR) so that another cell can transmit with less interference. With the introduction of new verticals such as URLLC, this will be difficult. For example, if a cell receives URLLC traffic in its buffer but cannot immediately transmit this traffic due to the result of coordinated scheduling, it could render the URLLC traffic useless.
In the following subsections we discuss different interference coordination schemes that should be considered for specification support in NR.
Proposal 1: Specification support for interference coordination in NR should strive for a common framework for different coordination schemes, UE transparency, improved interference measurement, and facilitation of receiver interference cancellation.
Proposal 2: Specification support for interference coordination in NR should take into consideration new aspects of 5G such as dense deployment scenarios, MIMO based on two dimensional antenna array, advanced receivers, and introduction of new verticals.
Semi-static interference coordination
A good example of specification support for semi-static interference coordination in LTE is eICIC where the transmission power behaviour of a macro cell for a set of time resources are semi-statically configured and conveyed to neighboring cells. The neighboring cells utilize this information to perform better link adaptation. From RAN1 perspective, the key specification support to realize eICIC is the subframe subset configuration which allows a UE to measure two different levels of interference for the same channel. eICIC was developed primarily for a heterogeneous network where high power macro cells and low power pico cells coexist. eICIC takes advantage of the fact that multiple pico cells can be located within the coverage of a macro cell and therefore, turning the transmission power off for a macro can simultaneously benefit multiple pico cells.
In general, performance of semi-static interference coordination is not as good as that of dynamic interference coordination. However, it does have its benefits. One of the key benefits is that the requirement on the network side is not a stringent as those of more advanced interference coordination schemes that rely on TTI level decision making and low latency exchange of control and data information. Considering this aspect, we prefer specification support be provided for semi-static interference coordination in NR.
Proposal 3: Semi-static interference coordination should be supported as part of NR.
Dynamic interference coordination
Dynamic interference coordination relies on TTI level decision making and low latency exchange of control/data information. As a result, it is applicable only for those networks where the backhaul is capable (low latency, large bandwidth). An example of dynamic interference coordination in LTE is CoMP which allows the network to realize coordination schemes such as CS/CB, DPS, and JT. The support for CoMP in LTE is focused on the design of ‘CSI process’ which can be used by an eNB to control the channel and the interference measured by a UE. Note that the specification support for CoMP can be used not only for dynamic but also for semi-static interference coordination.
Compared to semi-static interference coordination, dynamic interference coordination tends to provide better performance since it can better adapt to the dynamic changes in channel, interference, and traffic loading across multiple cells. However, there is an additional cost associated with dynamic interference coordination in that the UE needs to measure and report back CSI for a larger number of channel and interference hypotheses. Furthermore, the scheduling across multiple cells needs to be jointly processed and conveyed to the coordinated cells with minimal delay leading to relatively higher burden on network. While these burdens do exist, we think that the benefits outweigh the burdens. With proper specification design, dynamic interference coordination can be realized with reasonable UE/network complexity.
Proposal 4: Dynamic interference coordination should be supported along with semi-static interference coordination under a common framework.
Conclusions
Interference coordination is an essential part of cellular communications in order to achieve high system throughput. This contribution presents Samsung’s view on the support of interference coordination for NR. Following proposal are made:
Proposal 1: Specification support for interference coordination in NR should strive for a common framework for different coordination schemes, UE transparency, improved interference measurement, and facilitation of receiver interference cancellation.
Proposal 2: Specification support for interference coordination in NR should take into consideration new aspects of 5G such as dense deployment scenarios, MIMO based on two dimensional antenna array, advanced receivers, and introduction of new verticals.
Proposal 3: Semi-static interference coordination should be supported as part of NR.
Proposal 4: Dynamic interference coordination should be supported along with semi-static interference coordination under a common framework.
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