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Introduction
In RAN1 NR-AH meeting [1], further discussion on reliability requirements of URLLC transmission took place, and following agreements were reached; 
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS Y, Y<1% 
· FFS highest aggregation levels, e.g., 16,32
· FFS other enhancements 
Furthermore, in another set of agreements robustness of NR-PDCCH against beam blocking was emphasized.
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
In this contribution, we discuss potential application of network coding to further enhance reliability of DL transmission to achieve very low outage rates required by URLLC use cases. We show that the side information available from the network coding can be effectively used to enhance the reliability of the transmission. 
	
High Reliability Transmission 
URLLC is among the main features of NR that will be employed by many important use cases such as; connected cars, factory automation, eHealth, etc. The URLLC requirements call for a very high reliability of 99.999%, that corresponds to BLER = 10-5, at stringent delay of 1 ms that cannot be achieved by relying on the legacy LTE framework. 
The reliability aspect of a radio link is our focus in this contribution. There are different dimensions influencing design and realization of a URLLC in a network. In a URLLC system, potential impediments to achieve high reliability can be classified as follows: decreased power of the useful signal, uncontrollable interference, resource depletion due to competition, protocol mismatch and equipment failure [2]. In this work, a solution for mitigating the first problem that is related to the minimum signal needed for proper detection is introduced. In [3], different approaches for achieving high reliability in a wireless system are compared and studied. It is asserted that the most effective way to ensure a high level of transmission reliability is through diversity that can be realized in a number of different ways.
 
Figure 1 shows an abstract model of the proposed system where the base station attempts to communicate equal size packets P1 and P2 to a pair of users UE1 and UE2 on  and  resources, respectively.  and  can be assumed as PRBs. The side information (SI) packet PSI is essentially the bit-level XOR-ed of the main packets P1 and P2. Since PSI may be required for the recovery of either of main packets, it is usually broadcast to both UEs using  resources.
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Figure 1. Abstract model

To avoid use of extra PRBs to transmit the PSI packet, super-position modulation can be employed. Therefore, the SI is embedded in the transmission of main packets and use of additional physical resource  is not necessary. Since the main premise of the SI-assisted system is on independent error events in each link, it is assumed that the resource scheduler in the base station assigns  and  such that they are sufficiently distanced in frequency to ensure independent fading events. Alternatively, as shown in Figure 2,  and  may be scheduled from different TRPs to insure further diversity. Therefore, in the event of a severe outage experienced by a user, the impacted user would attempt to decode the other user packet and the SI towards recovery of its own packet. Since SI is always available for either link, this approach can be considered a preemptive measure to counter link outage.


Figure 2. Basic system model

The basic transmitter processing for transmission of P1 and P2 packets can be summarized as follows. First, packets P1, P2 and  are encoded. Then, the produced coded streams are fed to bit to symbol mapper to produce composite or super-positioned transmit symbols. The bit to symbol mapping is implemented such that information bits of the main packets P1 and P2 constitute the MSBs and the information bits of the SI packet PSI, makes the LSBs of transmitted symbols. 
Therefore, as shown in Figure 3, a transmitted symbol can be modelled as , where  and  are the constituent complex symbols corresponding to the main and SI packets, and the parameter 1 represents the power split between the two principal constellations. A proper power trade-off is required to ensure an acceptable level of performance. At the receiver, the LSBs of the different packet can be combined constructively to enhance transmission reliability of  [4].
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Evaluation 
Assuming independent error events, a block error rate probability can be computed to serve as an upper bound of the performance. Let  denote the probability that packet  is decoded erroneously. The overall block error probability can be approximated by
.
Since the likelihood of simultaneous error events is not high, it is possible to benefit from the availability of SI and to enhance the link overall reliability.

In order to provide an insight on the benefit of the proposed transmission scheme, an outage analysis under the slow fading scenario is presented. In general, the outage probability corresponding to a transmission rate  bits/s/Hz is defined as  where  is the channel mutual information [5]. Therefore, a reliable communication at a rate of bits/s/Hz can be achieved with a probability of , and an outage occurs otherwise. For this case, since the main packets are transmitted by the MSBs, and SI packet by the LSBs, first we need to determine the outage probability for each separately [4]. Assuming medium/high SNR range, the following outage probabilities can be derived as,

.
Therefore,  decays at a rate of , which indicates a diversity gain of that is expected from the LSB combining at the receiver. In contrast,  declines only at a rate of , indicates a diversity gain of. Therefore, the overall outage probability  can be approximated as
.
Assuming a configuration similar to the constellation shown in Figure 3, where MSBs carry the main packets (P1, P2), and the LSBs carry the SI packet (PSI), a rate analysis is performed. Figure 4 shows the outage performance for a system with  bits/s/Hz and. The presented analytical results indicate a significant gain over the performance of the conventional approach.  
Observation 1: Network-coding based transmission results in a significant gain over the performance of the conventional approach.
Proposal 1: RAN1 considers further studies on the application of network coding for high reliable transmission. 
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(a)                                                        (b)
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Summary
In this contribution, preliminary studies on high reliable transmission scheme based on a combined application of network coding and superposition modulation is presented. The outage analysis show that the proposed system can lead to significant gains in link reliability.

Observation 1: Network-coding based transmission results in a significant gain over the performance of the conventional approach.
Proposal 1: RAN1 considers further studies on the application of network coding for high reliable transmission. 
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