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1 Introduction
RAN1 has discussed how to support multiplexing of different transmission durations in DL. For example, eMBB can be used for long transmission duration and URLLC can be used for short transmission duration. In RAN1 ad hoc NR#1 [1], the concept of indication of impacted eMBB resources for eMBB UE was agreed to support multiplexing of eMBB and URLLC for DL. But, timing of indication is still FFS. The following are the related agreements.
	Agreements:
· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)
· FFS: Details of  the granularity for impacted region used in the indication 
· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot
· The indication is transmitted at one of the following (will be down selected later)
· during current eMBB TTI
· after current eMBB TTI
· during and after current eMBB TTI
· The indication is one of the following (will be down selected later)
· explicit
· implicit
· explicit and implicit


In RAN1#88 [2], it was agreed that the indication can be dynamically signaled to improve demodulation and decoding of eMBB data. 
	Agreements:

· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding

· FFS details
Agreements:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding of the TB(s) transmitted within the above mentioned assigned resource

· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB


In RAN1#88bis [3], it was agreed that there is no new physical channel for the indication of preempted resources. 
	Agreements:  
· No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 

· FFS whether the indication is based on NR-PDCCH or a group common PDCCH
· FFS location of the indication

· FFS timing of the indication


This contribution discusses SLS evaluation results on pre-emption indication, especially TB based retransmission before/after HARQ-ACK. 
2 Discussions
2.1  Evaluation Assumptions
System level simulation is performed under indoor hotspot scenario. The 6 TRPs layout of indoor hotspot is given in Figure 1. In this scenario, TB based retransmission is assumed. 
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Figure 1: TRP placement in indoor hotspot scenario
For HARQ combining, it is assumed that an UE is able to know whether and where preemption is occurred in the previous transmission (e.g. by indication for preempted resources) so that the UE does not combine CB(s) in retransmission with the CB(s) which was preempted by other urgent data (e.g., URLLC) in the previous transmission. That is, the UE needs to flush out the preempted CB(s) and then decode only CB(s) within retransmitted TB. On the other hands, CB(s) which was failed to decode due to others (e.g. due to worse channel condition) except for preemption transmission should be combined with retransmitted CB(s) to improve coding gain.

Performance evaluations of TB-based retransmission before/after reception of HARQ-ACK feedback in this contribution are performed by taking into account evaluation environments which are provided in Table 1 in Annex. Our companion contribution [4] explained both schemes with pros and cons. 
2.2  Evaluation Results
The SLS evaluation results for TB based retransmission before/after HARQ-ACK for UE having long transmission duration (e.g., eMBB UE) are shown as below. 5%, 50%, 95% and average UPT performances are provided according to various RUs (low, medium and high) and retransmission timing. It is noticed that RU for preemption traffic (e.g., URLLC traffic) is assumed to be 10% for all cases. That is, packets are preempted with a probability of 10% of all slots during evaluation time. 
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Figure 2: Performance results in case of low RU 

(RU of TB after HARQ-ACK is 26% and RU of TB before HARQ-ACK is 26%)
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Figure 3: Performance results in case of medium RU
 (RU of TB after HARQ-ACK is 53% and RU of TB before HARQ-ACK is 52%)
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Figure 4: Performance results in case of high RU

(RU of TB after HARQ-ACK is 85% and RU of TB before HARQ-ACK is 84%)

From SLS evaluation results in Figures 2 ~ 4, it is evident that TB based retransmission before the UE transmits HARQ-ACK to gNB shows very marginal gain compared to TB retransmission after the UE transmits HARQ-ACK to gNB for all RU cases. Especially, there is almost no difference between two schemes in case of low RU. Moreover, our companion’s contribution [5] shows that CBG-based retransmission before HARQ-ACK also shows marginal gain rather than CBG-based retransmission after HARQ-ACK. Hence, there is no motivation to have both CBG-based and TB-based retransmission before HARQ-ACK.
There are two reasons that this TB retransmission before HARQ-ACK feedback does not give performance gain. One reason is that preemption probability is not much as this evaluation assumes 10% of preemption probability. Even though higher preemption probability is assumed, it may not be meaningful and useful performance results for UE because orthogonal resource reservation (or scheduling) will be more efficient than preemption method. Another reason is that packet has generally large size, which means that one-shot transmission cannot be sufficient to complete the transmission of one packet. To send one packet, several TTIs therefore will need to be scheduled depending on packet size and channel quality. As the number of required TTI increases, the performance gain of this TB retransmission before HARQ-ACK feedback decreases.
Observation 1: TB based retransmission before HARQ-ACK feedback shows very marginal gain compared to that after HARQ-ACK feedback all RU cases.
Proposal 1: It is sufficient to only consider TB based retransmission after HARQ-ACK feedback. 
3 Conclusions
This contribution discussed SLS evaluation results on pre-emption indication, especially TB based retransmission before/after HARQ-ACK. Based on discussion and results, some observations are summarized as below.
Observation 1: TB based retransmission before HARQ-ACK feedback shows very marginal gain compared to that after HARQ-ACK feedback all RU cases.
Proposal 1: It is sufficient to only consider TB based retransmission after HARQ-ACK feedback.
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Annex: Evaluation assumptions

Table 1: Evaluation assumptions

	Parameter
	Assumptions

	Layout
	Indoor hotspot (6 TRPs per 120m x 50m)

	System bandwidth
	10 MHz

	Carrier frequency 
	4 GHz

	Inter-site distance
	20 m

	Total BS TX power
	24 dBm

	RS and control 

signaling overhead
	· CRS: 1 Tx antenna ports assumed

· Legacy PDCCH: 3 OFDM symbols

	Minimum HARQ RTT
	After reception of HARQ-ACK feedback: 8 TTI
Before reception of HARQ-ACK feedback: 1 TTI

	Scheduler
	Proportional fair

	Distance-dependent 

path loss
	5GCM InH - Office [referring to Table 7.4.1-1 in TR38.900], with 3D distance between an gNB and a UE

	Shadowing
	5GCM InH – Office [referring to Table 7.4.1-1 in 38.900], with 3D distance for shadowing correlation distance

	Indoor BS antenna radiation pattern
	Omni-directional 

	BS antenna Height
	3 m

	UE antenna Height
	1.5 m

	BS antenna 

element gain pattern
	According to TR36.873

	Antenna gain of UE
	0 dBi

	Fast fading channel between gNB and UE
	5GCM InH – Office according to Table A.1-1 of 36.819

	Antenna configuration
	 1Tx(gNB), 2Rx(eMBB UE)

	Number of eMBB UEs 
	10 UEs per indoor cell

	eMBB UE dropping
	Randomly and uniformly dropped throughout the indoor hotspot geographical area

	CSI report period
	5 TTIs/ms between two consecutive reports

	CSI report delay
	6 TTIs/ms

	eMBB UE receiver
	MMSE-IRC

	eMBB UE noise figure
	9 dB

	eMBB UE speed
	3 km/h

	Duplex mode
	FDD

	Network synchronization
	Synchronized

	Performance metrics
	Mean, 5%, 50% and 95% user perceived throughput

	eMBB traffic model
	FTP model 3 with packet size 0.1 Mbytes
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