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1. Introduction
In RAN1#86bis and RAN1#87 meeting [1][2], following agreements were made regarding URLLC: 

	Agreements:

· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead

· Using different sub-carrier spacing 

· FFS: CP overhead

· NR supports both approaches by specification

· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 

Agreements:

· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic

· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic
Agreements:

· Possible use cases for the extended CP include

· Multiplexing of eMBB and URLLC deployed below 6 GHz

· SCS for eMBB 15(NCP)/30/60kHz, SCS for URLLC = 60 kHz

· Transmission of URLLC with 60 kHz SCS

· High speed scenarios for 30kHz and 60kHz


In this contribution, we provide our evaluation results and observations on coexistence between eMBB and URLLC data. Especially, we focus on UPT performance of eMBB data depending on various conditions on knowledge of resources punctured by URLLC, and CSI for initial scheduling.
2. Discussions 
2.1. Frame structure for eMBB and URLLC data
In this contribution, it is assumed that SCS for eMBB is 15 kHz and the number of symbols within a slot for eMBB is 14. In case of URLLC, SCS for URLLC is 60 kHz and the number of symbols within a mini-slot for URLLC is 6 considering extended CP. In this case, the transmission time duration of URLLC data will be 2 slot-OS (which is equivalent to 0.14 ms) based on 15 kHz NCP. According to the agreements, when URLLC packet arrives, URLLC data transmission could occupy some portion of resources for eMBB data transmission by puncturing as shown in Figure 1. In this stage, we focus on TDM between eMBB and URLLC, but it does not preclude the FDM between eMBB and URLLC. Remaining evaluation assumptions present in Appendix. 
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Figure 1: Example of coexistence between eMBB and URLLC. 
2.2. Handling resources preempted by URLLC for decoding eMBB data
In general, gNB will schedule PDSCH for eMBB (eMBB-PDSCH) under the condition that no resources for eMBB-PDSCH are preempted or contaminated. If some portion of resources for eMBB-PDSCH is preempted by URLLC, UE will try to decode eMBB-PDSCH including some coded bits of eMBB potentially contaminated by URLLC transmission. In our evaluation, we compares following cases regarding how to handle resources of eMBB-PDSCH preempted by URLLC transmission. 

· Case A (No handling): UE will try to decode eMBB-PDSCH as if any resources are not preempted by URLLC. It is not necessary that gNB indicate which resources are preempted by URLLC. 

· Case B (Genie-Aided): Optimistically, UE always know which resources will be punctured by URLLC, and decode eMBB-PDSCH by excluding contaminated coded bits. 

· Case C (Prev Ind): During the retransmission of eMBB-PDSCH, UE can exclude coded bits contaminated by URLLC in the previous transmission. gNB will indicate which resources are preempted by URLLC at the end of the eMBB-PDSCH transmission. 
During the HARQ operation, previously received coded bits can affect successive retransmissions. In other words, UE will combine currently received coded bits with coded bits stored in soft buffer before decoding PDSCH retransmission. In Case A, since coded bits contaminated by URLLC will be included in the buffer and they will be used for decoding retransmission, it can cause excessive number of retransmissions to recover negative impact of URLLC corruption. Meanwhile, in Case B and C, UE will not perform combining for coded bits contaminated by URLLC transmission in the previous eMBB-PDSCH transmission. Instead, UE will replace the contaminated coded bits with the currently received coded bits. If URLLC transmission preempts some portion of resources for eMBB-PDSCH retransmission, Case B will exclude all the contaminated coded bits before decoding eMBB-PDSCH while Case C will not exclude the contaminated coded bits in the current eMBB-PDSCH (re)transmission. 
We compare the above three cases regarding how to handle resources preempted by URLLC across various combination of packet size, resource utilization, and offered cell throughput for URLLC. For simplicity, it is assumed that network can use CSI for initial scheduling of URLLC. Furthermore, decoding time of URLLC-PDSCH is assumed to be 0.214 ms (=1.5/7). Figure 2 shows our evaluation results on UPT performance loss of eMBB-PDSCH with URLLC preemption over the cases of eMBB-PDSCH without URLLC preemption. For URLLC packet size of 32 byte, the probability of outage UEs which does not meet latency of 0.5 ms without reliability requirements is under 1%. Also, it is assumed that URLLC packet is transmitted over the entire system bandwidth.
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(a) eMBB-Packet size=100kB, eMBB-RU=20%      (b) eMBB-Packet size=100kB, eMBB-RU=50%
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(c) eMBB-Packet size=500kB, eMBB-RU=20%      (d) eMBB-Packet size=500kB, eMBB-RU=50%
Figure 2: Average eMBB-UPT performance loss depending on method to handle resources preempted by URLLC. 
According to our evaluation results, it is observed that UPT performance of eMBB is degraded by 20-35% when UE try to decode eMBB-PDSCH without knowledge of URLLC preemption for all the evaluated packet size and RU. Meanwhile, if UE can access which resources are preempted by URLLC, the UPT performance loss will be reduced into 4-11%. Furthermore, it is observed that UPT performance with practical method to indicate preempted resources of eMBB (Case C) is comparable with UPT performance under optimistic scenario (Case B). The percentage of outage UE regarding latency of 0.5ms is under 1% for all simulated environments. However, as offered cell throughput of URLLC increases, the performance loss of eMBB also increases. Therefore, to decide proper URLLC capacity, it is necessary to further consider how much performance degradation of eMBB will be allowed. 
For the same offered cell throughput of URLLC, as the packet size of eMBB increases, the served time of eMBB packet transmission also increase. Therefore, the overall portion of eMBB resources preempted by URLLC would be reduced. As a result, it is observed that the eMBB performance loss for eMBB packet size of 500kB is relatively lower compared to eMBB packet size of 100kB. Also, it is noted that if URLLC is scheduled over narrower bandwidth because of small packet size, the impact on eMBB can be further reduced. Moreover, when inter-CB interleaving is considered as proposed in our companion contribution [3], impact on eMBB can be even further reduced.
Observation 1: If UE does not handling coded bits contaminated by URLLC transmission, UPT performance loss of eMBB is almost 20-35%. 

Observation 2: If UE can exclude contaminated coded bits before decoding eMBB-PDSCH, UPT performance loss of eMBB could be reduced into 4-11%. 

Observation 3: Excluding coded bits contaminated by URLLC transmission during the retransmission of eMBB (Case C) has the comparable UPT performance with optimistic case (Case B).

Observation 4: As offered cell throughput of URLLC increases, even though the percentage of outage UEs is kept to be under 1%, the performance loss of eMBB would increases. 

Proposal 1: It is necessary to consider adopting mechanisms to indicate and/or use information of eMBB resources preempted by URLLC to reduce impact on eMBB performance. 
2.3. Initial transmission of URLLC data
At the beginning of transmission of URLLC traffic, it is necessary how to schedule URLLC-PDSCH in terms of MCS, and precoding matrix. First of all, it can be considered that UE performs CSI measurement and reporting, and then gNB try to schedule URLLC-PDSCH based on the reported CSI. Since URLLC traffic may arrive unexpectedly and sparsely in time-domain, CSI measurement and reporting will start after URLLC packet arrives. In this case, the overall served time for packet transmission could be large. Depending on the time needed for CSI measurement/reporting, it may be infeasible to meet the requirements on latency of 0.5ms. Alternatively, UE can perform CSI measurement and reporting before URLLC packet arrives. Another approach is that initial transmission of URLLC traffic is scheduled based on the lowest MCS and predefined precoding (or open-loop precoding mechanism).

Figure 3 shows examples of the served time of URLLC packet transmission. Regarding Case 1, gNB may trigger CSI measurement/reporting to UE after URLLC packet arrival. URLLC data will be scheduled based on the reported CSI to decide PRB allocation, MCS, and precoding matrix. Regarding Case 2, gNB will schedule URLLC data right after URLLC packet arrival. In this case, scheduling information for URLLC data will be based on default setting, or the recently reported CSI from that UE. In our evaluation, following cases are assumed: 

· Case 2-1: URLLC data can be scheduled right after URLLC packet arrives, and initial URLLC-PDSCH will be scheduled based on Genie-Aided CSI.

· Case 2-2: URLLC data can be scheduled right after URLLC packet arrives, and initial URLLC-PDSCH will be scheduled with the lowest MCS and predefined precoding matrix.  In this stage, it is assumed that the lowest MCS and precoding matrix are of LTE system. 
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(a) Case 1
[image: image7.png]URLLC packet arrives URLLC packet ends

l—éevved time for URLLC Dacket41

URLLC data





(b) Case 2
Figure 3: Examples of the served time of URLLC packet transmission.

Generally, the packet size of URLLC would be considerably small. Therefore, a single URLLC packet could be transmitted over a single PDSCH transmission. We compare URLLC performance in terms of the percentage of outage UEs which do not meet the requirement of latency of 0.5 ms without reliability requirements for Case 2-1 and Case 2-2 as shown in Figure 4. In this section, it is assumed that URLLC-PDSCH is transmitted over whole system bandwidth, and only URLLC UEs are deployed over network. The offered cell throughput of URLLC is fixed into 10240 bps. 
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Figure 4: Percentage of outage UE with more than 0.5ms latency. 

According to the evaluation results, when gNB could ideally know CSI before URLLC packet arrives, the percentage of the outage UEs is almost 0% for URLLC-packet size of 32 Bytes and 0.9% for URLLC-packet size of 200 Bytes. In the meanwhile when URLLC-PDSCH scheduling is based on the lowest MCS and predefined precoding matrix, the percentage of the outage UEs is increased into 0.5% for URLLC-packet size of 32 Bytes and 2% for URLLC-packet size of 200 Bytes. When PRB allocation of URLLC-PDSCH is restricted to small portion of the system bandwidth to reduce impact on eMBB performance, the number of outage UEs can increase further. Considering latency requirements of URLLC and impact on eMBB performance, it needs to enhance CSI measurement and reporting for URLLC. 
Proposal 2: It is necessary to investigate how to enhance CSI measurement and reporting for URLLC service considering latency requirements and negative impact on eMBB performance. 
3. Conclusion
In this contribution, we provide our evaluation results on coexistence between eMBB data and URLLC data. Our observations and proposals are summarized as follows:  
Observation 1: If UE does not handling coded bits contaminated by URLLC transmission, UPT performance loss of eMBB is almost 20-35%. 

Observation 2: If UE can exclude contaminated coded bits before decoding eMBB-PDSCH, UPT performance loss of eMBB could be reduced into 4-11%. 

Observation 3: Excluding coded bits contaminated by URLLC transmission during the retransmission of eMBB (Case C) has the comparable UPT performance with optimistic case (Case B).

Observation 4: As offered cell throughput of URLLC increases, even though the percentage of outage UEs is kept to be under 1%, the performance loss of eMBB would increases. 

Proposal 1: It is necessary how to indicate and/or use information of eMBB resources preempted by URLLC to reduce impact on eMBB performance. 
Proposal 2: It is necessary to investigate how to enhance CSI measurement and reporting for URLLC service considering latency requirements and negative impact on eMBB performance. 
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Appendix
Table 1 shows SLS evaluation assumptions for coexistence between eMBB and URLLC. 
Table 1: SLS evaluation assumptions. 

	Parameters
	Urban Macro

	Layout
	Macro layer: Hexagonal Grid

	Inter-BS distance
	500 m

	Carrier frequency 
	4 GHz

	Simulation bandwidth
	20 MHz per CC below 6 GHz

	Channel model
	36.873 3D UMa

	BS Tx power
	46 dBm per 20MHz

	UE Tx power
	23 dBm

	BS antenna configuration
	See 38.802, table A.2.1-4

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	See 38.802, table A.2.1-4

	BS receiver noise figure
	Below 6 GHz: 5 dB

	UE antenna configuration
	See 38.802, table A.2.1-4

	UE antenna height
	Follow the modeling of TR 36.873

	UE antenna gain
	Follow the modeling of TR 36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Unidirectional DL

URLLC: FTP model 3 with packet size 32 bytes.

eMBB: FTP model 3 with packet size 0.1Mbyte and 0.5 Mbytes.

	Traffic load
	URLLC: Packet arrival with arrival rate λ to achieve URLLC capacity.
Latency 0.5ms without reliability requirements.
Outage probability X<1% for 32bytes.

eMBB: For FTP Model 3, arrival rate is selected to achieve RU of [20, 50] % for the case of no multiplexing with URLLC

	UE distribution
	Follow Urban Macro user distribution for both URLLC and eMBB UEs

20% Outdoor in cars: 30 km/h,

80% Indoor: 3 km/h

URLLC: 10 UE/sector

eMBB: 0/10 UE/sector
Load all sectors with 10 URLLC and 0/10 eMBB

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Feedback assumption & Link adaptation assumptions
	eMBB: CSI-based scheduling.

URLLC: Option 1: CSI-based scheduling

Option 2: Scheduling with the lowest MCS and random precoding

	Channel estimation
	Practical channel estimation

	Control & RS overhead
	eMBB: 3 OFDM symbols per slot

URLLC: 2 OFDM symbols per mini-slot
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