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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.



In this contribution, pros and cons of pre-emption indication before HARQ ACK/NACK feedback are discussed.

Discussions
In this section, the pre-emption based multiplexing data having different transmission durations is briefly described and pros and cons of pre-emption indication before HARQ ACK/NACK feedback are also discussed. 
1.1 Preemption-based multiplexing data with different transmission durations
It is agreed that NR supports pre-emption based multiplexing data with different transmission durations for dynamic resource sharing for those things. As described in [2], when data traffic having short transmission duration (e.g. URLLC) is occurred during another data traffic having long transmission duration (e.g. eMBB), pre-emption based multiplexing scheme allows puncturing of data symbols having long transmission duration in the overlapped resource region with data having short transmission duration 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 [3], if the eMBB receiver is not aware of its pre-empted resources, eMBB performance can be drastically degraded due to wrong received signals incurred by URLLC data. Therefore, in last RAN1 meetings, it is agreed that for DL, NR supports indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s), however, timing of pre-emption indication is still FFS.
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[bookmark: _Ref458018147]Figure 1: Example of pre-emption of eMBB data for URLLC.
Regarding indication timing for pre-empted eMBB resources, there are lots of proposals in last RAN1 meetings and these can be categorized as shown in Figure 2:
· The gNB transmits the pre-emption indicator before HARQ ACK/NACK feedback.
· Alt.1: Pre-emption indication via PDCCH in the impacted eMBB slot
· Alt.2: Pre-emption indication via PDCCH in the next eMBB slot
· The gNB transmits the pre-emption indicator after HARQ ACK/NACK feedback.
· Alt.3: Pre-emption indication via PDCCH in the eMBB slot for re-transmission
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Figure 2: Candidate timings for the pre-emption indication.
In the next subsection, pros and cons of candidate indication timings are discussed.

1.2 Discussion on indication timings for pre-empted resources
The pre-emption indicator can be used for performance enhancement of current impacted codewords as well as re-transmitted codewords. According to use cases, appropriate indication timings can be quite different.
Case 1: Pre-emption indicator for performance enhancement of current impacted codewords
As evaluated in [3], if the eMBB receiver is not aware of pre-empted eMBB resources for the case when some parts of eMBB resources are pre-empted for transmitting URLLC signals, eMBB performance can be drastically degraded due to wrong received signals incurred by URLLC data. However, if gNB transmits the pre-emption indicator before HARQ ACK/NACK feedback, the eMBB performance can be significantly enhanced because the eMBB receiver can distinguish URLLC signals in current received signals and perform channel decoding without wrong received signals. For this reason, some contributions in last RAN1 meetings proposed that NR supports the pre-emption indication before HARQ ACK/NACK feedback for improving the eMBB performance, as shown in Alt.1 and Alt.2 of Figure 2. 
However, the performance gain by employing pre-emption indication before HARQ ACK/NACK feedback can be obtained only for some special cases as shown in Figure 3. For example, if one TB consists of one CB and two OFDM symbols in an eMBB slot (i.e. 14 OFDM symbols) is pre-empted which means 15% resources in a CB are pre-empted, the eMBB performance gain is considerable, however, even if the number of CBs in a TB is increased by only two which means 30% resources in a CB are pre-empted, the eMBB performance gain can be quite marginal. In general, NR supports wide bandwidth for transmitting eMBB signals so that one TB might consist of several CBs. Therefore, it is expected that the eMBB throughput gain by employing pre-emption indication before HARQ ACK/NACK feedback is quite marginal.

Observation 1: If a TB consists of several CBs, the performance gain by employing pre-emption indication before HARQ ACK/NACK feedback is quite marginal.
[image: ]
Figure 3: BLER performance of eMBB (eMBB: Spatial multiplexing, URLLC: SFBC)
Alt.1 and Alt.2 also have some weak points in terms of complexity, power consumption, and eMBB decoding latency for the eMBB receiver. For example, gNB with Alt.1 transmits pre-emption indicators during the impacted eMBB slot after URLLC transmission, however, the corresponding eMBB receiver cannot know whether pre-emption in the current eMBB slot is performed or not. Thus, the eMBB receiver always has to perform blind detection for pre-emption indicator in the all possible resource regions. These operations can be quite burdensome with respect to complexity and power consumption of eMBB receiver because these operations always have to perform even if URLLC traffic is not occurred.
On the other hand, since gNB with Alt.2 transmits pre-emption indicators in the PDCCH of next eMBB slot, the Alt.2 is superior to Alt.1 with respect to complexity and power consumption of the eMBB receiver. However, if Alt.2 is employed, the channel decoding process for the current eMBB received signals can be terminated after detecting pre-emption indicator in the PDCCH of next eMBB slot. Therefore, the Alt.2 can cause the increase of eMBB decoding latency and complicate HARQ timeline, and it is also inappropriate for self-contained frame structure and non-contiguous PDCCH monitoring configuration discussed in NR.

Observation 2: For pre-emption indicator to improve the performance of current impacted codewords, Alt.1 can overburden the receiver with respect to complexity and power consumption due to always performing blind detections for pre-emption indicators in the all possible resource regions even if URLLC traffic is not occurred.
Observation 3: For pre-emption indicator to improve the performance of current impacted codewords, Alt.2 can cause the increase of decoding latency and complicate HARQ timeline, and it is also inappropriate for self-contained frame structure and non-contiguous PDCCH monitoring configuration discussed in NR.

Case 2: Pre-emption indicator for performance enhancement of re-transmitted codewords
As abovementioned, if the eMBB receiver is not aware of pre-empted eMBB resources for the case when some parts of eMBB resources are pre-empted for transmitting URLLC signals, eMBB performance can be drastically degraded due to wrong received signals incurred by URLLC data. In this case, HARQ re-transmission and combining method can be considered as one of alternatives for improving eMBB error performance. If the eMBB code block (or transport block) error is occurred, the eMBB receiver transmits HARQ NACK signals to the gNB and then, the gNB can perform the HARQ re-transmission and the eMBB receiver can perform combining between previous received signals and new ones. However, if the eMBB receiver does not have information on pre-empted eMBB resources in previous received signals, the HARQ re-transmission and combining scheme cannot effectively compensate eMBB performance degradations as shown in [4]. Therefore, some contributions in last RAN1 meetings proposed that NR supports the pre-emption indication in the re-transmission eMBB slot for improving the eMBB performance, as shown in Alt.1, Alt.2, and Alt.3 of Figure 2. 
Since all of Alt.1, Alt.2, and Alt.3 can provide information on pre-empted resources for previous received signals to the corresponding eMBB UEs, performance gains by employing them are almost same. However, since gNB with Alt.3 transmits pre-emption indicator in the PDCCH of the re-transmission eMBB slot, Alt.3 is superior to Alt.1 with respect to complexity and power consumption of the eMBB receiver. Since the pre-emption indicator for case 2 is only used in combining between previous received signals and new ones, Alt.2 does not affect eMBB decoding latency, however, Alt.2 is still inappropriate for self-contained frame structure and non-contiguous PDCCH monitoring configuration discussed in NR. On the other hand, Alt.3 requires marginal specification effort and implementation to UEs and also can be possible for all scenarios including self-contained structure and non-contiguous PDCCH monitoring configuration.

Observation 4: For pre-emption indicator to improve the performance of re-transmitted codewords, Alt.3 is superior to Alt.1 in terms of complexity, power consumption for the corresponding receiver.
Observation 5: For pre-emption indicator to improve the performance of re-transmitted codewords, Alt.3 is superior to Alt.2 in terms of unified design.

Proposal 1: Support indication of pre-empted resources to respective UE(s) after HARQ ACK/NACK feedback as baseline of pre-emption indication.

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: If a TB consists of several CBs, the performance gain by employing pre-emption indication before HARQ ACK/NACK feedback is quite marginal.
Observation 2: For pre-emption indicator to improve the performance of current impacted codewords, Alt.1 can overburden the receiver with respect to complexity and power consumption due to always performing blind detections for pre-emption indicators in the all possible resource regions even if URLLC traffic is not occurred.
Observation 3: For pre-emption indicator to improve the performance of current impacted codewords, Alt.2 can cause the increase of decoding latency and complicate HARQ timeline, and it is also inappropriate for self-contained frame structure and non-contiguous PDCCH monitoring configuration discussed in NR.
Observation 4: For pre-emption indicator to improve the performance of re-transmitted codewords, Alt.3 is superior to Alt.1 in terms of complexity, power consumption for the corresponding receiver.
Observation 5: For pre-emption indicator to improve the performance of re-transmitted codewords, Alt.3 is superior to Alt.2 in terms of unified design.
Proposal 1: Support indication of pre-empted resources to respective UE(s) after HARQ ACK/NACK feedback as baseline of pre-emption indication.
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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
	16QAM

	Code rate of eMBB
	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
	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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