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High reliability/availability is one of the more important key characteristics in many 5G use cases.  In RAN meeting #71 the key performance indicator (KPI) for reliability was set to 10-5 (i.e. 99.999%) [1]. In this contribution, we examine different techniques and schemes for improving downlink SINR outage performance in cellular networks to increase the reliability for ultra-reliable low latency communications (URLLC).  We specifically focus our attention on spatial diversity techniques at both microscopic and macroscopic levels.  We also evaluate interference management schemes such as interference cancellation and cell planning using frequency reuse factor of 1/3.
Recently in [2] it has been shown that a 4x4 MIMO scheme with second order macroscopic diversity can fulfill reliability requirement under optimistic assumptions.  In contrast, our goal here is to study the SINR improvement of diversity and interference management schemes at ultra-reliable zone of 99.999% under more realistic assumptions such as 3GPP 3D channel model [3]. 

Diversity Scheme Models
Microscopic diversity
Microscopic diversity is a type of spatial diversity scheme that utilizes multiple antennas at the transmitter and/or receiver to improve the quality and reliability of a wireless link. Under microscopic diversity the receiver can ensure selection of the best signal at all time instances, thereby mitigating the effects of small-scale fading.
We consider a closed loop MIMO system with M transmit and N receive antennas. The UE provides its serving cell (BS) with channel state information (CSI) feedback, which is then used by the serving BS to pick the best precoder (to be precise, a quantized version based on a predefined set of codewords is selected). The received signal for UE ‘i’ can be written as (assuming unit transmission and symbol powers):

Where  is the [N x M] channel from the serving cell to the UE i under consideration,   the transmitted symbol from the serving BS to the UE under consideration,  denotes the channel from all other cells to this UE,  the transmitted symbol from the interfering cell k.  denote the precoders applied at the serving and interfering BS, respectively. L denotes the set of interfering BS, and n is the zero mean,  variance Gaussian noise vector.
Under microscopic diversity the set of interferers comprises of all other BSs (except serving BS) in the system.
The MMSE equalizer at UE i can be given by: 

where  is the effective channel between the serving BS and UE i.  The post-processed SINR for UE i can then be expressed as:

Macroscopic diversity
Macroscopic diversity techniques exploit large-scale fading characteristics such as shadowing.  The idea here is to combine the signal from multiple BS in order to improve the overall signal to noise ratio. We consider a simple macroscopic diversity scheme, where the SINR from each BS considered to be part of the diversity branch is accumulated to obtain the total combined SINR for the UE. The post processed SINR for UE i under macroscopic diversity can be expressed as:

where S denotes the set of BS that form the diversity branch/set for UE i. We consider the strongest ‘X’ BS (in terms of received signal power), with X = {1, 2, 3}. The SINRi in Eq. (3) is calculated according to Eq. (2).  
Interference cancellation
Under the Interference cancelation, we assume that the receiver can perfectly cancel the set U of strongest interferers. As a result, the SINR for this scheme can be expressed as a modification of the original SINR Eq. (2):

where U denotes the set of ‘Y’ strongest interferers, with Y = {1, 2, 3}.  As a result, the set of actual interferers under this scheme is limited to the set ‘’.
Cell planning with frequency reuse
Under frequency reuse, the frequency resources are shared between various BS, so as to minimize the interference. We consider a frequency reuse factor of 1/3 for this scheme. With this technique only those BS that use the same frequency resources will interfere with another BS’s transmission.
Simulation Results
In this section system-level simulation results are presented for all techniques aforementioned in the previous section.  Table 1 shows the simulation assumptions. 

Table 1. Simulation Assumptions
	Parameter
	Assumption

	Network layout
	Hexagonal 7-site 21-cell wraparound

	Channel model
	3D Urban Macro (3D-UMa) 2 GHz ISD 500m downtilt 100

	eNB antenna configuration
	2,8 TX: ULA

16 TX: URA, V2H8, (8,4,2)


        


	UE antenna configuration
	2 Rx cross-polarization, 0o/90o

	UE attachment
	RSRP on CRS port 0

	UE distribution
	uniformly dropped

	UE Transmission
	Single Stream

	Codebook
	16 TX: Rel. 13
8 TX: Rel. 10
2 TX: Rel. 8

	Receiver 
	MMSE-IRC, ideal channel estimation

	Feedback
	PUSCH 3-1, PMI



Details of channel model and antenna configuration are found in [3] and [4].
To ensure high statistical confidence for ultra-reliability zone of 99.999% (10-5-th percentile), we generate more than 1×106 SINR samples for every simulated configuration.  For simplicity, the transmit precoder of each interfering BS is randomly chosen from the available codebook.
Figures 1, 2, 3, and 4 show the SINR cumulative distribution for all diversity and interference management techniques explained in Section 2.  As seen, even with the most effective technique, i.e. 16x2 microscopic diversity combined with a macroscopic diversity order of 3 (in Figure 2), to achieve the reliability of 99.999% (10-5-th percentile) the required SINR is about ‑17 dB.  This shows how difficult and challenging the fulfilment of the stringent reliability requirements of URLLC can be. 

[image: ]
Figure 1.  SINR performance of microscopic diversity (different MIMO antenna configurations) 
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Figure 2.  SINR performance of macroscopic diversity with 3 diversity branches (X = 3) and different MIMO antenna configurations
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Figure 3.  SINR performance of interference cancellation with 3 strongest interferer being cancelled (Y = 3) and different MIMO antenna configurations
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Figure 4. SINR performance of frequency reuse factor of 1/3 and different MIMO antenna configurations 
Conclusions
In this contribution we present the SINR performance of several diversity and interference management schemes to study the outage probability for URLLC.   Our results show that ultra reliable communication under the current assumptions of 3GPP is not easily achievable and will be challenging.  Conventional solutions such as diversity and interference cancellation techniques are not effective enough to cope with very low SINR regimes needed by URLLC. We make the following proposal:
Proposal: For URLLC, stronger channel coding and modulation schemes combined with more effective diversity and interference management techniques are needed.
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