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1 Introduction

At the previous meeting (RAN1#86bis) [1], it was agreed that 
Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

Agreements:
· NR supports operation of more than one DL HARQ processes for a given UE
· NR supports operation of more than one UL HARQ processes for a given UE

· FFS: URLLC case
Agreements:
· 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.
In this contribution, we investigate the scheduling schemes based on the assumption of single transport block over one or multiple slots. Especially, we propose a flexible HARQ scheduling scheme which uses multiple slots for initial transmission and one slot for retransmission. The performance of proposed scheme is compared with conventional schemes.
2 Discussion
2.1 Fixed slot number scheduling
During frame structure discussion, it is agreed that slot aggregation is supported and data transmission can be scheduled to span one or multiple slots. Based on this conclusion, there are two possible scheduling options for slot aggregation
1) Scheme 1: Scheduling a TB on each slot irrespective of the aggregated slot number as shown in Figure 1 (a).

2) Scheme 2: Scheduling a large TB to span the aggregated slots as shown in Figure 1 (b).

Figure 1 is an illustration of 2 slot aggregation. It is assumed that the minimum delay between data reception and HARQ-ACK transmission is 1 slot. The position of control region is an example, which does not affect the discussion in this contribution.
The above schemes belong to fixed slot number scheduling, which schedules a fixed slot number for each TB irrespective of initial transmission or retransmission.
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Figure 1. Two fixed scheduling schemes of a TB (2 slot aggregation)
2.2 Flexible HARQ scheduling
A HARQ process corresponding to transmission of one TB has multiple transmission attempts. The conventional assumption is that BLER target for initial transmission is fixed (e.g. 10% or 20%) and controlled by outer-loop AMC. Besides, the same amount of resource will be allocated for retransmission.
· Firstly, it is difficult to predict the appropriate SINR/CQI for each transmission due to the measurement error, fast channel fading, and burst neighbor interference. The real SINR/CQI used for each transmission is always over-estimated or under-estimated.
· Secondly, the retransmission would waste the allocated resources when SINR/CQI used for retransmission is under-estimated and the same amount of resource is allocated as the initial transmission. 
Therefore, flexible HARQ scheduling, which allocates less resource to retransmission than initial transmission, can potentially have significant throughput gain, especially when configured with a higher initial transmission BLER target or aggressive MCS. 
Straightforward, there are two ways to change the amount of resource in retransmission: adjusting the allocated RBs in frequency domain (i.e., conventional adaptive HARQ) and changing the amount of scheduled slots in time domain. Obviously, for peak throughput case, the conventional adaptive HARQ cannot achieve higher throughput through allocating less RBs for retransmission. Alternatively, we can control the number of slots a TB spanning to maximize the throughput given frequency resources.
Scheme 3: Scheduling variable slot number for each (re)transmission of a TB.
Scheduling multiple (e.g., 2, 3 or 4) slots to a TB for initial transmission and 1 slot for retransmission would be chances to maximize the throughput to approximate the channel capacity. Figure 2 is an example of scheduling 2 slots to a TB for initial transmission and 1 slot for retransmission. As a comparison, two baselines (i.e., scheme 1 and scheme 2) which schedule a fixed number slot for a TB irrespective of initial transmission or retransmission can be found in Figure 1.
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Figure 2. Flexible HARQ scheduling
2.3 Performance Evaluation
In this Section, we compare conventional HARQ which schedules a fixed number slot (scheme 1 and scheme 2) with flexible HARQ which schedules a variable number slot (scheme 3) in terms of throughput performance. Frame structure of 4 aggregated slots is assumed. The allocated resources of 3 schemes are the same, i.e., 12 RBs. Other simulation setting can be found in appendix. 
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Figure 3. Throughput Performance 

From the results in Figure 3, it is found that comparing to scheme 1 and scheme 2, flexible HARQ can achieve near 3 dB or 20% throughput gain with variable scheduled slot number.
Observation 1: Comparing to scheduling with fixed slot number for each (re)transmission, scheduling with variable slot number for each (re)transmission of a TB can achieve up to 3 dB link performance gain (or up to 20% link throughput gain).
Based on the above observations, we propose to support flexible HARQ scheduling. Especially, the number of slots single TB spanning can be dynamically adjusted and indicated in the DCI. The actual scheduling algorithm (i.e., the number of scheduled slots for a TB) should take both the latency and spectrum efficiency performance into account. 

Proposal 1: One TB can be mapped into one or more slots, where the number of scheduled slots is dynamically indicated in the DCI.
Proposal 2: The number of scheduled slots for each (re)transmission should take both the latency and spectrum efficiency into account.
3 Conclusions
According to the above discussions, we have the following observation and proposals:

Observation 1: Comparing to scheduling with fixed slot number for each (re)transmission, scheduling with variable slot number for each (re)transmission of a TB can achieve up to 3 dB link performance gain (or up to 20% link throughput gain).
Proposal 1: One TB can be mapped into one or more slots, where the number of scheduled slots is dynamically indicated in the DCI.
Proposal 2: The number of scheduled slots for each (re)transmission should take both the latency and spectrum efficiency into account.
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Appendix – Link level simulation setup
Table.1. LLS Evaluation parameters

	Parameters 
	Values or assumptions 

	System Bandwidth 
	10 MHz 

	Waveform 
	OFDM

	Channel coding
	LTE Turbo code

	BS antenna configuration 
	1Tx 

	UE antenna configuration 
	2 Rx 

	Channel Model 
	TDL-C with DS{300}ns in TR38.900

	Doppler 
	10 Hz 

	Used RB Number 
	12 

	Channel Estimation/CQI Measurement 
	Realistic (Based on LTE CRS)

	Maximum transmission times 
	8 

	AMC 
	Outer-loop
 (Initial BLER = 10% for scheme 1 and scheme 2, and 50% or 70%  for scheme 3)
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