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Discussion and decision
1 Introduction
In study item phase of New Radio (NR), many features on multiplexing between different transmission durations was discussed. In the last RAN1 #89 meeting, indication of pre-empted resources was agreed as follows [1]:

	· 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.


This contribution provides evaluation results related to the pre-emption indication for DL TB-based (re)transmission.

2 Discussions 
In [2], pre-emption indication method for TB-based (re)transmission is discussed. As it is explained in [2], there are two alternatives for the bit field of pre-emption indication in the DCI.
· Alt.1 : The length of bit field is the same with the maximum number of CBGs (i.e., 1 in this case) configured by gNB.

· Alt.2 : The length of bit field is independently determined (e.g., n>1bit) from the maximum number of CBGs configured by gNB.

For Alt.1, since TB-based retransmission means that the maximum number of CBGs is configured as 1, the pre-emption indicator has also 1 bit and this can be used as TB unit pre-emption indicator. For Alt.2, since the length of bit field can be larger than 1, the pre-emption indicator can have different granularity depending on the length of bit field.
In the next subsection, performance impact of Alt.1 and Alt.2 is discussed. 
2.1 BLER performance of pre-empted data with indication in the DCI scheduling TB-based (re)transmission
If the receiver is not aware of impacted resource regions due to other transmission at the current TTI, the receiver has to perform channel decoding using wrong received signals incurred by other data. So, the UE could suffer from drastic degradation in error performance. In this case, HARQ retransmission and combining method can be considered as one of alternatives for improving error performance. If code block (or transport block) error is occurred, the gNB can perform the HARQ retransmission and the receiver can perform combining between previous received signals and new ones. However, if the receiver does not have information on impacted resources in the previous transmission, the HARQ retransmission and combining scheme may not be able to effectively compensate performance degradations as shown in Figure 2 (see yellow line marked with triangle and rectangular). These results indicate that wrong received signals from the punctured resource regions in the previous reception can adversely affect HARQ retransmission and combining. On the other hand, results of Figure 2 (see purple, red, and green line) demonstrate that the receiver with HARQ combining based on indication of impacted resources for the first transmission can provide much better performance compared with that of initial transmission with no pre-emption case (see blue line marked with circle). 
For Alt.1, the performance of initial transmission is shown with yellow line marked with triangle. For the performance of retransmission with TB unit pre-emption indicator, it is same with that of initial transmission with no pre-emption case (see blue line marked with circle). Thus, in this case, UE can’t expect performance gain using soft combining. Since UE flush out its soft buffer corresponding to whole TB, the retransmission can be considered as initial transmission with no pre-emption case.
For Alt.2, the performance of retransmission can be different depending on the granularity of the indication. Figure 2 shows BLER performance of the impacted UE according to various granularities. Results demonstrate that, if the gNB provides indication having mini-slot granularity at the HARQ retransmission (see red color), performance of the receiver with HARQ combining is quite close to performance of the receiver having ideal information on impacted resources (see purple color). However, if the gNB provides indication having mini-slot group granularity to the receiver (green color), there is considerable performance degradation due to lack of accuracy in the indication. Therefore, we can see that the granularity of the indication for the impacted resources should be decided considering trade-off between performance degradation of the impacted data and indication overhead.

Observation 1: For TB unit granularity of pre-emption indication (Alt.1), if initial transmission is impacted by pre-emption, the retransmission has the same performance with that of initial transmission with no pre-emption case.
Observation 2: For Alt.2, the performance of retransmission can be better than that of initial transmission with no pre-emption case.
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Figure 2: BLER performance of eMBB (eMBB : Spatial multiplexing MIMO, 16QAM, rate-2/3, URLLC : SFBC).
3 Conclusions
This contribution considered signaling aspects for the indication of impacted resource regions, and proposes the following.
Observation 1: For TB unit granularity of pre-emption indication (Alt.1), if initial transmission is impacted by pre-emption, the retransmission has the same performance with that of initial transmission with no pre-emption case.

Observation 2: For Alt.2, the performance of retransmission can be better than that of initial transmission with no pre-emption case.
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Appendix – Link level simulation setup
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
	16QAM

	Code rate of eMBB
	2/3

	Number of CBs in the TB
	1

	Modulation of URLLC
	QPSK

	BS antenna configuration 
	2Tx

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

	Number of antenna ports
	2

	UE antenna configuration 
	2Rx 

	# of mini-slots in a mini-slot group
	3

	Channel estimation
	Perfect channel estimation

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

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