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Introduction
In last RAN1meeting #87, there was discussion on multiplexing of eMBB and URLLC and following agreements were achieved [1]:
	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



In this contribution, average user plane latency for pre-emption based multiplexing data with different transmission durations is evaluated and discussed in case of protecting some OFDM symbols from pre-emption.

Discussions
In this section, pre-emption based multiplexing data with different transmission durations is briefly described and then, average user plane latency in case of protecting some OFDM symbols from pre-emption is evaluated.
1.1 Preemption-based multiplexing data with different transmission durations
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[bookmark: _Ref458018147]Figure 1: Example of pre-emption of eMBB data for URLLC.
It is agreed that NR supports pre-emption based multiplexing data with different transmission durations for dynamic resource sharing for those things. As described in [2], when data traffic having short transmission duration (e.g. URLLC) is occurred during another data traffic having long transmission duration (e.g. eMBB), pre-emption based multiplexing scheme allows puncturing of data symbols having long transmission duration in the overlapped resource region with data having short transmission duration as shown in Figure 1. Here and henceforth, we use eMBB and URLLC as the representative examples of long and short transmission durations of the data, respectively. As evaluated in [3], if the eMBB receiver is not aware of its pre-empted resources, eMBB performance can be drastically degraded due to wrong received signals incurred by URLLC data. Therefore, in last RAN1 meetings, it is agreed that for DL, NR supports indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s). 
However, if gNB performs pre-emption for eMBB PDCCH for transmitting URLLC signals, eMBB performance cannot be improved even if the eMBB receiver is aware of its pre-empted resources. Thus, protecting eMBB PDCCH from pre-emption is needed for minimizing eMBB performance degradation incurred by URLLC transmission. However, protecting eMBB PDCCH can increase average user plane latency of URLLC due to increase of frame alignment time. Since URLLC services have a strict latency requirement (e.g. its average user plane latency has to be less than 0.5 ms.), increase of latency incurred by protecting eMBB PDCCH can be a critical issue for URLLC services. For this reason, in the next subsection, average user plane latency is evaluated in case of protecting eMBB PDCCH from pre-emption.

1.2 Evaluation results for average user plane latency
As in [4], the average user plane latency is defined as the following equation and Figure 2: 














where  is an expectation operation for random variable . Also,  is processing time to generate transmitted signals,  is time to occur URLLC traffic,  is time for frame alignment which means time duration from time  to next scheduling timing,  is transmission duration,  is time duration from end of transmission to end of receiver processing, and  is time duration incurred by HARQ retransmission and reception. In this contribution, it is assumed that the subcarrier spacing of URLLC is 15 kHz that is same with eMBB, and the effect of  for URLLC latency is negligible because the initial transmission of URLLC is sufficiently reliable (e.g. less than 1% or 0.1% BLER). Also, it is assumed that  and  is 1 TTI and 0.5 TTI, respectively [4].
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Figure 2: Example of user plane latency for URLLC.
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Figure 3: Instantaneous user plane latency.
Figure 3 shows instantaneous user plane latency over time to occur URLLC traffic according to the number of protected OFDM symbols in PDCCH. The results indicate that increase of instantaneous user plane latency by employing PDCCH protection can be quite large especially when URLLC traffic occurs at near PDCCH OFDM symbol regions. For example, if protected PDCCH consists of three OFDM symbols, maximum user plane latency can be 0.64 ms, while this value can be 0.43 ms in case of no PDCCH protection. However, latency requirement in KPI for URLLC is that average user plane latency has to be less than 0.5 ms, and as shown in Table 1, increase of average user plane latency incurred by protecting PDCCH is negligible. For example, average user plane latency in case of protecting PDCCH is less than 0.5 ms even if PDCCH consists of three consecutive OFDM symbols. Therefore, for minimizing eMBB performance degradation incurred by pre-empting eMBB resources, protecting eMBB PDCCH from pre-emption should be considered in NR. 
Table 1: Average user plane latency
	Number of OFDM symbols
in the protected PDCCH
	Average user plane latency [ms]

	0
	0.39

	1
	0.40

	2
	0.41

	3
	0.42




Observation 1: Increase of instantaneous user plane latency by employing PDCCH protection can be quite large especially when URLLC traffic occurs at near PDCCH OFDM symbol regions.
Observation 2: Increase of average user plane latency incurred by protecting PDCCH is negligible.

Proposal 1: Support protecting eMBB PDCCH from pre-emption to minimize eMBB performance degradation incurred by pre-empting eMBB resources.

Conclusions
In this contribution, average user plane latency for pre-emption based multiplexing data with different transmission durations is evaluated and discussed in case of protecting some OFDM symbols from pre-emption. It can be summarized as below.
Observation 1: Increase of instantaneous user plane latency by employing PDCCH protection can be quite large especially when URLLC traffic occurs at near PDCCH OFDM symbol regions.
Observation 2: Increase of average user plane latency incurred by protecting PDCCH is negligible.

Proposal 1: Support protecting eMBB PDCCH from pre-emption to minimize eMBB performance degradation incurred by pre-empting eMBB resources.
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Annex-1: LLS evaluation assumptions
Table.2: LLS Evaluation parameters
	Parameters 
	Values or assumptions 

	Carrier Frequency
	4 GHz

	Waveform
	OFDM

	Subcarrier spacing
	15 kHz

	System Bandwidth
	20 MHz

	TTI
	eMBB : 14 OFDM symbols,  URLLC : 2 OFDM symbols

	Number of OFDM symbols in PDCCH
	1, 2, 3 OFDM symbols
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