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Introduction
In last RAN1 meeting #89, there was discussion on pre-emption based multiplexing between different transmission durations and following agreements were achieved [1]:
	Agreements:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.


Also, following agreements for DL pre-emption indication were achieved in last RAN1 Ad-Hoc meeting #2 [2]:
	Agreements:
· For downlink preemption indication
· It is transmitted using a group common DCI in PDCCH
· FFS: This group common DCI is transmitted separately from SFI
· Whether a UE needs to monitor preemption indication is configured by RRC signaling
· The granularity of preemption indication in time domain can be configured 
· Details of granularity are FFS


In this contribution, pre-emption indication prior to HARQ ACK/NACK feedback is discussed. Also, performance of the eMBB UE receiver is evaluated according to various granularities of pre-emption indication.

Discussions
In this section, pre-emption based multiplexing for eMBB and URLLC is briefly described and pre-emption indication prior to HARQ ACK/NACK feedback is discussed. Also, BLER performance of the eMBB UE receiver is investigated for various granularities of pre-emption indication.
1.1 Pre-emption based multiplexing for data traffics having different transmission durations
For dynamic resource sharing for data traffics having different transmission durations, it was agreed that NR supports DL pre-emption based multiplexing for those things. Therefore, as described in [3], when the data traffic having short transmission duration and high priority (e.g., URLLC) is occurred during transmission of another data traffic having long transmission duration and relatively low priority (e.g., eMBB), the gNB can pre-empt some parts of the data traffic having relatively low priority (e.g., eMBB) in the overlapped resource region for transmitting the data traffic having high priority (e.g., URLLC), 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 [4], if the eMBB UE receiver is not aware of its pre-empted resources, eMBB performance can be drastically degraded due to wrong received signals incurred by URLLC data transmission. 
For this reason, in last RAN1 meetings, it was agreed that for DL, NR supports indicating information on pre-empted eMBB resources to respective eMBB UE(s) via a group common DCI in PDCCH, however, most of details are still FFS. For example, it was agreed that the granularity of preemption indication in time domain can be configured. However, details of granularity are still FFS. In the next subsection, performance of the eMBB UE receiver is evaluated according to various granularities of pre-emption indication and based on these results, we discuss about the appropriate granularity considering trade-off relation between performance loss and increase of indication signal overhead. 
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[bookmark: _Ref458018147]Figure 1: Example of pre-empting eMBB resources for transmitting URLLC signals.

1.2 Discussion on granularity of pre-emption indication
For performance evaluation of the eMBB receiver, it is assumed that 2 OFDM symbols (1 mini-slot) and N/2 PRBs in the eMBB resources are overlapped with URLLC code block, which is approximately 8% in an eMBB code block. Also, the gNB adopting pre-emption based multiplexing pre-empts all overlapped eMBB data symbols and transmits the URLLC code block. Detailed simulation parameters are shown in Appendix.
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Figure 2: BLER performance of the eMBB UE receiver according to various granularity of pre-emption indication (eMBB : Spatial multiplexing MIMO, URLLC : SFBC).
In Figure 2, eMBB BLER curves are plotted according to various indication granularities for pre-empted eMBB resources. Results demonstrate that if frequency information on pre-empted eMBB resources is not indicated, considerable performance degradation can be occurred even though time information on pre-empted eMBB resources (e.g., index of mini-slot which consists of 2 OFDM symbols) is indicated. Also, if coarse time information (e.g., index of mini-slot group which consists of 3 mini-slots) is only indicated, the eMBB performance degradation can be drastic since lots of received signals which are not pre-empted cannot be used for channel decoding process at the eMBB UE receiver. Therefore, for improving eMBB BLER performance, the eMBB UE receiver has to know frequency and time pre-emption information having fine granularity.

Observation 1: For improving eMBB BLER performance, the eMBB receiver has to know frequency and time pre-emption information having fine granularity.

However, indicating pre-emption information with fine granularity can cause a significant increase of indication signal overhead. Therefore, for decreasing indication signal overhead, it can be considered that the base station transmits only coarse pre-emption information and the eMBB UE receiver blindly detect detail information on pre-empted eMBB resources. In Figure 3, BLER curves of the eMBB UE receiver performing blind detection for pre-empted eMBB resources are plotted. Results demonstrate that if the eMBB receiver performs the blind detection for pre-empted eMBB resources, the eMBB BLER performance can be quite close to ideal pre-emption indication case even though coarse pre-emption information is indicated, e.g., mini-slot group granularity. Based on these results, we propose that NR should support the coarse pre-emption indication (e.g., mini-slot or mini-slot group) considering the eMBB UE receiver performing blind detection for the pre-emption information.

Observation 2: The eMBB UE receiver performing blind detection for pre-empted eMBB resource regions can provide enhanced BLER performance which is quite close to ideal pre-emption indication case, even though the gNB transmits coarse pre-emption information (e.g., mini-slot or mini-slot group granularity).

Proposal 1: Support coarse pre-emption indication considering the eMBB UE receiver performing blind detection for the pre-emption information.
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Figure 3: BLER performance of the eMBB UE receiver performing blind detection for pre-emption information
 (eMBB : Spatial multiplexing MIMO, URLLC : SFBC).

Conclusions
In this contribution, pros and cons of pre-emption indication before or after HARQ ACK/NACK feedback are discussed. It can be summarized as below.

Observation 1: For improving eMBB BLER performance, the eMBB receiver has to know frequency and time pre-emption information having fine granularity.
Observation 2: The eMBB UE receiver performing blind detection for pre-empted eMBB resource regions can provide enhanced BLER performance which is quite close to ideal pre-emption indication case, even though the gNB transmits coarse pre-emption information (e.g., mini-slot or mini-slot group granularity).

Proposal 1: Support coarse pre-emption indication considering the eMBB UE receiver performing blind detection for the pre-emption information.
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Annex-1: LLS evaluation assumptions
Table.1: LLS Evaluation parameters
	Parameters 
	Values or assumptions 

	Carrier Frequency
	4 GHz

	Waveform
	OFDM

	Channel coding
	LTE Turbo code

	Subcarrier spacing
	30 kHz

	System Bandwidth
	20 MHz

	Modulation of eMBB
	QPSK, 16QAM

	Code rate of eMBB
	1/2, 2/3

	BS antenna configuration
	2Tx

	MIMO mode
	eMBB: Spatial multiplexing MIMO (2 layer transmission),
URLLC: SFBC

	Number of Tx antenna ports
	2

	UE antenna configuration
	2Rx

	Channel estimation
	Ideal channel estimation

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

	TTI length
	eMBB : 14 OFDM symbols (Slot),  URLLC : 2 OFDM symbols (Mini-slot)
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