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Discussion and Decision
1
Introduction
MIMO, along with advanced receivers like IRC, is expected to facilitate significant spectral efficiency enhancement in 5G systems subject to efficient management of the multi user interference. In this contribution, we propose an interference-aware rank coordination mechanism as an interference management concept in 5G New Radio (NR). The proposed concept is expected to improve the network sum throughput performance . In Section 2, we start by first outlining the considered problem and the associated rank coordination dilemmas, followed by a proposal for inter-cell rank coordination. Furthermore, methods to consider the different service classes, and prioritize different users are discussed. The contribution is concluded in Section 3 by summarizing our observations and proposals.

2
Inter Cell Rank Coordination Consideration
2.1 
Problem formulation
Let us consider a MIMO time division duplexed (TDD) system where the transmission towards a desired UE from its serving BS generates interference towards L out-of-cell interfered receivers. The problem addressed in this contribution is related to 5G wide area networks with a number of co-existing cells (but not limited to only such scenarios). Each cell is assumed to have a base station (BS) and a multitude of transmission points (TRPs) serving a number of user equipment’s (UEs). Each TRP and UE is assumed to have M and N antennas, respectively. UEs that are to be scheduled are assumed to feedback channel quality indicator (CQI) measurements as specified in LTE standards, along with the relevant dominant interference ratio (DIR). In the MIMO context, the transmission rank is usually selected to maximize a given performance measure at a desired user, however not quantifying the created resulting interference which may lead to undesirable performance for other users served by neighbour TRPs.


Given this dilemma, the question is how to coordinate among the TRPs/cells in order to protect vulnerable users from a dominant interferer without sacrificing the performance of the user in the interfering cell? Selecting the transmission rank to maximize the throughput at the desired link irrespective of the generated interference generally results in reduced network performance, as demonstrated through the toy example presented in Figure 1 below.


[image: image1]
Figure 1: Toy example demonstrating the potential of inter-cell rank coordination
In legacy LTE systems it is also well-known that inter-cell coordination in selecting the transmission rank can help to improve the system performance [1, 2]. This proposal aims to highlight the role of inter-cell rank coordination (ICRC) as an interference management principle in 5G new radio (NR). The proposed ICRC mechanism should be free of high computational complexity and low coordination latency so that it can be easily implemented in real life systems. Finally such methods should not require full channel state information (CSI) availability as this is challenging in the envisioned in practical implementations. Thus, we arrive at the following observation:

Observation 1: Coordination among TSPs/BSs for efficient and dynamic rank adaptation (i.e. selecting the transmission rank) must be supported to improve the network performance. 
2.2 
Inter-Cell Rank Coordination Considerations
The proposed inter-cell rank coordination (ICRC) mechanism is presented as a flowchart in Figure 2, and can be summarized as follows:

1. UEs report the DIR info along with CQI feedback to the serving TRP/BS. Note that UE reporting of DIR is not explicitly supported in LTE, but have been shown to be a useful metric in interference mitigation for UEs [3].
· The dominant interferer ID can be retrieved by comparing the interference power to the RSRP measurement for handover, and associating with respective TRP/BS IDs.
2. Based on the DIR measurements, the serving TRP/BS determines for which UEs to ‘invoke’ inter-cell rank coordination. Selected UEs are further grouped with respect to the dominant interfering cell index. 
3. Using the a priori knowledge for the UE such as their target throughput (i.e. equivalent to target SINR), service class, and the UEs receiver type and number of receive antennas, the serving TRP/BS determines the desirable transmission parameters along with the transmission rank and the desired interferer rank.
4. The serving TRP/BS sends the desired rank message to the respective interfering TRP/BS. The desired rank message is indicated as the maximum allowable transmission rank for a given (set of) RB(s) that the neighboring TSP/BS is allowed to use.
5. The interfering TRP/BS has the choice of either accepting or rejecting the requested rank limitation. In the case of rejection, the interfering eNB can provide additional response such as the reason for rejection, alternate RBs with the requested rank limitation etc.
6. The serving TRP/BS updates its transmission parameters accordingly (if necessary) and transmits in the scheduled RBs.
7. The coordination granularity will be in the order of the X2 coordination, which is expected to be 5-10 ms in 5G NR.
The following procedures can be described: 
· The procedures for each serving TRP/cell to properly group its users and determine the transmission rank for its users, including calculation of the tolerable ranks from neighboring interfering cells as part of Steps 2 and 3.
· The signaling procedure between a serving and neighboring interfering TRP/BS of the allowed transmission rank per RB.
· The rule for the response by the neighboring base station as described in Step 5.
· Steps 1 and 6 of the proposal are not having significant novel steps, but are included in the description for the sake of outlining the full procedural flow of the proposed method.
2.3 
Examples of performance benefits

In order to further exemplify this proposal, Figure 3 below shows the performance of the proposed ICRC scheme in terms of the throughput per user (in Mbps) compared against baseline non-coordinated schemes (as presented in related work) with IRC receivers. Different values of the DIR threshold and the antenna size are presented. The general simulation parameters are presented in Table 2 at the end of this proposal.
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Figure 2: Flowchart of Message Flow with multiple UEs: Downlink case
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Figure 3: CDF of the per user TP with the proposed ICRC scheme for a seven cell network with 8 antennas.
Figure 3 presents the cumulative density function (CDF) of the user throughput with M = 8 transmit antennas per TRP for a DIR threshold value of 5 dB. From the obtained preliminary simulation results, we can observe cell-edge, median and peak throughput  gain (i.e., 95-percentile) of around 65%, 30% and 6% respectively. On a further note, throughput gains for different DIR threshold values are presented in Table 1 below. Users with 4 antennas are considered in order to show the impact of the antenna size.
Table 1: Proposed ICRC TP gains against baseline non-ICRC scheme for M = 4 with different DIR threshold
	
	DIR Threshold (dB)

	Throughput Gain
	2
	5
	10

	5%-ile 
	57%
	60%
	-3%

	Median 
	31%
	32%
	-1%

	95%-ile 
	-7%
	-6%
	-1%


· Proposal 1: 5G NR should support coordination of maximum transmitted rank by taking into account the impact of the transmission at an interfered victim UE. 
· Proposal 2: The UE shall report the Interference Quality Indicator capturing the Dominant to Interferer Ratio (DIR) in the CSI in order to facilitate such Inter-Cell Rank Coordination. 
3
Conclusion
In summary, we conclude the contribution as follows:
Observation 1: Interference aware inter cell rank coordination the proposed coordination must be supported to obtain a more altruistic network performance with significant outage TP gains. 
Proposal 1: 5G NR should support coordination of maximum transmitted rank by taking into account the impact of the transmission at an interfered victim UE. 

Proposal 2: The UE shall report the Interference Quality Indicator (IQI) capturing the Dominant to Interferer Ratio (DIR) in the CSI in order to facilitate such Inter-Cell Rank Coordination. 
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Appendix

Table 2: General Simulation Parameters
	Parameter
	Value

	Deployment Scenario
	7 Macro cells with ISD 500 m

	UE Distribution
	Single randomly dropeed active co-existing UE in each cell 

	Path Loss Model
	Winner II

	Carrier Frequency, Bandwidth
	2 GHz, 10 MHz

	Antenna Configuration
	M antennas at TRP/BS and UEs

	Noise Floor
	-170 dBm/Hz

	Data Traffic 
	Downlink, Full Buffer
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