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1 Introduction

A new study item on New Radio (NR) Access Technology was approved [1]. For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications) [2].


Regarding scheduling and HARQ procedure in NR, it has been discussed whether and how to support more than one HARQ-ACK bits per TB, where the agreements in RAN1#86bis are shown as follows. 

	· At least asynchronous and adaptive HARQ is supported for eMBB.

· NR supports at least UL transmission of at least single HARQ-ACK bit.

· Consider whether/how to support more than one HARQ-ACK bits per TB.

· Consider whether/how to support single HARQ-ACK bit per multiple TBs, e.g., HARQ-ACK bundling.



This contribution provides system level simulation results of partial retransmission for eMBB in the environment that eMBB and URLLC can be multiplexed in the same resource in the indoor hotspot scenario. 
2 Evaluation Assumption 
In this section, evaluation assumptions of partial retransmission for eMBB are provided. System level simulation assumptions given in [3] are basically used in case of indoor hotspot scenario. The 6 TRPs layout of indoor hotspot is given in Figure 1. Remaining detailed evaluation environments are provided in Annex.
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Figure 1:
TRP placement in indoor hotspot scenario

 To evaluate and compare performance of partial retransmission, full retransmission is considered as baseline and compared to each other when URLLC traffic is arrived and transmitted by puncturing of on-going eMBB transmission. Note that the overall aspects of partial retransmission could be found in our companion contribution [4]. 
For HARQ combining, it is assumed that an eMBB UE is able to know whether and where URLLC transmission is occurred in the previous transmission (e.g. by URLLC arrival indication) so that the UE does not combine code block(s) in retransmission with the CB(s) which was punctured by URLLC in the previous transmission. That is, the UE needs to flush out the CB(s) punctured due to URLLC transmission and then decode only retransmitted CB(s). On the other hand, CB(s) which was failed to decode due to others except URLLC transmission (e.g. due to worse channel condition) can be combined with retransmitted CB(s). 
In case of full retransmission, gNB would retransmit a whole transport block (TB) if HARQ-ACK for the previous transmission is not received while only CB(s) failed to decode is retransmitted by partial retransmission as shown in Figure 2. As for partial retransmission, it is assumed that remaining resources can be used for transmission of another TB for the same or different UE. Figure 2 illustrates basic procedures of full retransmission and partial retransmission, respectively. 
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Figure 2  Basic procedures of full retransmission and partial retransmission 
3 Evaluation results 
To compare the performance of full retransmission and partial retransmission, 5%, 50%, 95% and average UPT performances are provided according to various eMBB RUs. Note that RU for URLLC traffic is assumed to be 10% for all cases. That is, URLLC packet is transmitted in 10% of entire slots during evaluation time. 

As shown in Figures 3-5, it can be observed that partial retransmission provides performance gain over full retransmission for all traffic load cases. It is noticed that the performance gain of partial retransmission is increased as traffic load increases. This is because that partial retransmission is able to minimize unnecessary retransmissions by transmitting only failed CBs in initial transmission. In addition, as shown in Figure 2, if partial retransmission is supported, some of resources could be used for transmitting new TB while successfully decoded CBs have to be retransmitted unnecessarily in full retransmission, which has provided that RU of partial retransmission is lower than that of full retransmission. Accordingly, partial retransmission can provide a lower delay required to finish a single file transmission than full retransmission. 
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Figure 3 Performance results in case of low eMBB RU 

(RU of full retransmission is 29% and RU of partial retransmission is 28%)
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Figure 4 Performance results in case of medium eMBB RU
 (RU of full retransmission is 53% and RU of partial retransmission is 47%)
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Figure 5 Performance results in case of high eMBB RU
(RU of full retransmission is 86% and RU of partial retransmission is 81%)

Observation 1: In comparison with full retransmission, partial retransmission shows better UPT performance over all cases by utilizing resources more efficiently.
Observation 2: Partial retransmission provides significant performance gain to cell edge UEs especially for high load scenario.
Proposal 1: Partial retransmission should be supported in NR.
4 Conclusions

In this contribution, performance of full retransmission and partial retransmission are evaluated in indoor hotspot scenario. From the evaluation results, observations and proposal can be summarized as below.
Observation 1: In comparison with full retransmission, partial retransmission shows better UPT performance over all cases by utilizing resources more efficiently.
Observation 2: Partial retransmission provides significant performance gain to cell edge UEs especially for high load scenario.
Proposal 1: Partial retransmission should be supported in NR.
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Annex: Evaluation assumptions

Performance evaluations of partial transmission and full retransmission in this contribution are performed by using the following evaluation assumptions aligned with [3]. 

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

	HARQ RTT
	8 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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