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Introduction
[bookmark: _GoBack]In last RAN1#86 meeting, there was discussion on multiplexing of eMBB and URLLC and following agreements were achieved [2]:
Agreements:
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded

In this contribution, we evaluate error performance of eMBB and URLLC in DL in case of superposition-based dynamic resource sharing between eMBB and URLLC.
Discussions
In this section, superposition-based dynamic resource sharing between eMBB and URLLC is briefly described and then, BLER performance of eMBB and URLLC is provided.
1.1 Superposition-based dynamic resource sharing
In last RAN1 #86, preemption and superposition schemes are introduced as alternatives for dynamic resource sharing between eMBB and URLLC in DL. As discussed in [3], when URLLC traffic is occurred during eMBB transmission, preemption-based multiplexing scheme allows puncturing eMBB data transmitted in the overlapped resource region with URLLC data and URLLC data is transmitted as shown in Figure 1. In this case, gNB cannot always provide information on which region should be punctured (e.g., puncturing information) to the eMBB receiver because control information for eMBB data can be transmitted before URLLC traffic is occurred. If the eMBB receiver does not know the puncturing information, eMBB receiver has to perform channel decoding using wrong received signals incurred by URLLC data. So, eMBB could suffer from drastic degradation in error performance. However, if eMBB receiver can aware of eMBB puncturing regions via blind detection at the receiver or controlling URLLC scheduling timing and indications of gNB, eMBB performance is dramatically improved [5], especially for small URLLC traffic.
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[bookmark: _Ref458018147]Figure 1: Example of puncturing of eMBB data for URLLC
However, with increasing total URLLC traffic during an eMBB transmission, gNB with preemption based multiplexing scheme has to puncture lots of eMBB data. For example, if two URLLC traffics are occurred during the same eMBB transmission and TTI of URLLC consists of 2 OFDM symbols, gNB has to puncture eMBB data in 4 OFDM symbols to transmit URLLC signals. In this case, even though the eMBB receiver can aware of eMBB puncturing regions, eMBB performance is significantly degraded due to increase of effective code rate, as shown in Figure 2. Therefore, for preemption-based dynamic resource sharing between eMBB and URLLC, method to decrease the eMBB performance degradation for large URLLC traffics should be studied.
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Figure 2: BLER performance of eMBB receiver with puncturing information

Observation 1: With increasing total URLLC traffic during an eMBB transmission, eMBB performance can be significantly degraded in case of preemption-based multiplexing eMBB and URLLC.
Proposal 1: Study methods to decrease eMBB performance degradation incurred by large URLLC traffics for preemption-based dynamic resource sharing between eMBB and URLLC

In [3], a superposition based multiplexing between eMBB and URLLC is discussed as one of alternatives for improving eMBB performance in case of large URLLC traffic as shown in Figure 3. Although eMBB and URLLC receivers can suffer from interference effects incurred by superposition transmission, they can overcome the effects by applying interference suppression techniques such as MMSE-IRC, symbol-level IC, interference aware detection, and so on. Additionally, the gNB can reduce the interference effects by controlling superposition parameters such as the number of superposed symbols, power ratio between superposed symbols, and so on. For verifying feasibility and performance gains of superposition based multiplexing scheme, BLER performance of eMBB and URLLC is evaluated in the next subsection. 
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[bookmark: _Ref458523063][bookmark: _Ref458523030]Figure 3: Example of superposition transmission for multiplexing eMBB and URLLC.

1.2 BLER performance of eMBB and URLLC
For evaluating BLER performance of eMBB and URLLC in case of superposition based multiplexing between eMBB and URLLC, it is assumed that eMBB and URLLC employ same subcarrier spacing (15 kHz), eMBB’s TTI consists of 14 OFDM symbols and URLLC TTI spans 2 OFDM symbol. Also, it is assumed that two URLLC traffics are occurred during one eMBB transmission and gNB with preemption based multiplexing punctures 4 OFDM symbols of eMBB which is overlapped with URLLC. However, gNB with superposition based multiplexing punctures 75% eMBB data symbols in 4 OFDM symbols and leaves 25% eMBB data symbols according to cell (or UE) specific puncturing patterns. Since gNB also transmits URLLC signals through all resource elements in the overlapped resource regions, superposition transmission between eMBB and URLLC is applied at 25% resource elements in the overlapped resource regions. Also, since downlink network is considered in this contribution, it is assumed that eMBB and URLLC share the transmission power by a ratio of 0.2 to 0.8 which has an advantage for mitigating interference effects incurred by superposition. In addition, it is assumed that the eMBB and URLLC receivers have puncturing information and superposition parameters. Detailed simulation parameters are shown in Appendix.
For superposition based multiplexing between eMBB and URLLC, Figure 4(a) shows eMBB BLER performance and Figure 4(b) shows URLLC BLER performance. Also, as references, BLER performance of eMBB and URLLC for preemption based multiplexing are presented in Figure 4. As shown in Figure 4(a), the eMBB receiver in case of superposition based multiplexing can provide better performance compared with that in case of preemption based multiplexing, and the SNR gain at 10% BLER is approximately 4 dB. Also, results of Figure 4(b) show that performance degradation of URLLC incurred by employing superposition based multiplexing is quite marginal, that is within 1 dB. These results indicate that interference effects incurred by superposition can be effectively suppressed by applying advanced receiver algorithm and controlling superposition parameters, such as puncturing ratio of eMBB data and transmission power ratio between eMBB and URLLC. Also, it is shown that superposition based multiplexing eMBB and URLLC can be a good alternative for compensating weak points of preemption based multiplexing scheme, especially for large URLLC traffics.
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Figure 4: BLER performance of eMBB

Observation 2: Superposition based multiplexing eMBB and URLLC can be a good alternative for compensating weak points of preemption based multiplexing scheme, especially for large URLLC traffics.

Conclusions
In this contribution, error performance of eMBB with HARQ retransmission and combining in DL is evaluated in case of preemption-based dynamic resource sharing between eMBB and URLLC. It can be summarized as below.
Observation 1: With increasing total URLLC traffic during an eMBB transmission, eMBB performance can be significantly degraded in case of preemption-based multiplexing eMBB and URLLC.
Proposal 1: Study methods to decrease eMBB performance degradation incurred by large URLLC traffics for preemption-based dynamic resource sharing between eMBB and URLLC
Observation 2: Superposition based multiplexing eMBB and URLLC can be a good alternative for compensating weak points of preemption based multiplexing scheme, especially for large URLLC traffics.
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Appendix – Link level simulation setup
Table.1. LLS Evaluation parameters
	Parameters 
	Values or assumptions 

	Carrier Frequency 
	2 GHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo code

	Numerology 
	Same as Release 13 

	System Bandwidth 
	20 MHz 

	Modulation of eMBB
	16QAM

	Code rate of eMBB
	0.5

	Modulation of URLLC
	QPSK

	BS antenna configuration 
	1Tx 

	UE antenna configuration 
	2Rx 

	Channel estimation
	Perfect channel estimation

	Propagation channel & UE velocity 
	TDL-C with DS{300}ns & 3km/h in TR38.900

	TTI of eMBB
	14 OFDM symbols duration

	TTI of URLLC
	2 OFDM symbols duration

	Number of OFDM symbols for PDCCH
	3 OFDM symbols

	Power ratio of superposed eMBB and URLLC symbols
	eMBB : URLLC = 0.2:0.8

	eMBB puncturing ratio in overlapped resource regions
	3/4

	Receiver algorithm
	Interference aware detector (ML detector)
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