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	[bookmark: OLE_LINK8]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 the previous RAN1 meetings, it has been agreed that both CBG flushed indication and preemption indication could be supported. In this paper, following the agreements, the subsequent transmission after preemption is discussed.
Necessity of subsequent transmission after pre-emption
The performance of victim eMBB transmission degrades after being pre-empted by a URLLC burst. The reasons may be:
1. The soft buffer of the victim transmission is polluted by URLLC data;
2. The coding rate of victim transmission increases after pre-emption because some resource allocated for victim transmission is rescheduled for URLLC.
Figure 1 shows the performance degradation due to pre-emption/resource reduction in term of BLER. The working SINR @ 10% BLER[footnoteRef:1] of each MCS level are determined by simulation under the multipath channel (TDL-C channel with 300ns delay spread). Then, at the working SINR, a 10%/20%/30% pre-emption[footnoteRef:2] comes up to a TB which is modulated and coded in MCS levels given in Table 1. It is assumed that an ideal pre-emption indication is available to the victim users in the simulation.  [1:  The total allocated resource for a TB is fixed to 10 RBs with 15 kHz SCS.]  [2:  The position of pre-empted resource is randomly selected within the allocated resource.] 
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	[bookmark: _Ref480814346][bookmark: OLE_LINK22]Figure 1 Performance degradation due to pre-emption/resource reduction[footnoteRef:3] [3:  Simulation conditions and MCS table of Figure 1 is given in Appendix.] 
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[bookmark: _Ref481790139]Figure 2 Distribution of SINR per eMBB CB[footnoteRef:4] [4:  Simulation conditions are given in [2].] 


Soft buffer pollution could be avoided via providing a pre-emption indication with the victim users. Regarding to the second kind of performance degradation, the effectiveness of pre-emption indication’s help is visible when the MCS level of victim transmission is low, i.e. its SINR is lower as shown in Figure 1. However, in higher SINR region where high MCS is chosen for victim transmissions, an apparent BLER decline can be observed in Figure 1 even though an indication is still available. This is because different MCSs have different error tolerance. The higher MCS, the more intolerant with errors in received signal. For example, considering the 10% preemption case, if a BLER of 50% after pre-emption is acceptable, about 50% victim users could benefit from pre-emption indications to alleviate the second performance degradation according the SINR distribution given in Figure 2. And the other 50% victim users need an additional transmission after pre-emption. 

Observation 1:
· For victim transmission with lower MCS, pre-emption indication can help increase the likelihood of successfully decoding the original pre-empted transmission.
· For victim transmission with higher MCS, subsequent transmission/re-transmission is necessary to alleviate the performance degradation caused by resource reduction.


Content of subsequent transmission
It should be noted that UEs which are configured with either TB-based or CB-based retransmission could be pre-empted by URLLC bursts [1]. Hence, subsequent transmissions may be necessary for all corrupted UEs regardless which retransmission mode is configured to them. gNB could schedule subsequent transmission for victim UEs either in a TB-based retransmission mode or in a CBG-based retransmission mode. More details on relevant discussions could be found in [1].
Proposal 1: Subsequent transmission after preemption could be scheduled for victim users either in a TB-based re-transmission mode or in a CBG-based re-transmission mode.

[bookmark: OLE_LINK14][bookmark: _Ref129681832]Latency analyses of subsequent transmission before and after A/N feedback 
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	[bookmark: _Ref480575378][bookmark: OLE_LINK10]Figure 3 Average latency extension of single HARQ process
	[bookmark: _Ref480579477]Figure 4 Average latency extension of multiple HARQ processes


In this section the latency extension of subsequent transmission before and after A/N feedback (i.e. retransmission) is calculated and compared in consideration of single HARQ process and multiple HARQ process. In this calculation, RTT is assumed to be 6 TTIs. If a preemption occurs in TTI #n, a subsequent transmission before A/N feedback is scheduled in TTI # (n+2) or a retransmission is scheduled in TTI #(n+6). More details of analyses could be found in Appendix B.
The analysis results are given in Figure 3 and Figure 4. It is assumed the target BLER of original transmission is 0.1. When the original transmission is corrupted by URLLC burst, ideal indication is sent to the victim eMBB user. After completely removing the impact of URLLC burst, the BLER of the original transmission increases to x due to the resource reduction similar to Figure 1. It can be seen in both cases that when x (the BLER after preemption) is larger than 15%, the latency extension of subsequent transmissions is smaller than that of retransmission. If the latency of single HARQ process is considered, when x (the BLER after preemption) increases to 99%, the latency extension of subsequent transmission before A/N feedback is about 1.98 TTIs, while the latency extension of retransmission is more than 5 TTIs. If the latency of multiple HARQ processes are considered, the gap of latency extensions of subsequent transmission and retransmission get smaller due to the average effect of multiple processes. When the BLER after preemption increases to 99%, the latency extension of subsequent transmission before A/N feedback is about 1 TTI, while the latency extension of retransmission is more than 3 TTIs. 
Observation 2: The lager BLER after preemption, the more obvious gap between subsequent transmission before A/N feedback and retransmission. The latency extension of subsequent transmission is smaller than that of retransmission when the BLER after preemption is larger than 15%.
Proposal 2: Subsequent transmission could be scheduled before the A/N of the original transmission.

Decoding and A/N feedback of subsequent transmission



[bookmark: _Ref482978165]Figure 5 Example of subsequent transmission: HPN #0 is preempted

An example of subsequent transmission is given in Figure 5. The original transmission with HARQ process #0 scheduled in TTI #n has been preempted by URLLC bursts. Its subsequent transmission is scheduled in TTI # (n+3) without any other data for the same UE. The HARQ process  #2 to #5 are correspondingly delayed.
In this case, the victim UE may learn the preemption in TTI #n or TTI #(n+1) if preemption indication is adopted, or in TTI #(n+3) if CBG indication is adopted. The UE could combine the original transmission and the subsequent transmission by using the decoding resource for TTI #(n+3). If before that the decoding process of TTI #n has already been started, the UE could stop or continue it.
Regarding the UE behavior of feeding back the A/N messages of the original transmission and the subsequent transmission, there are two possible schemes. One of them is the UE would always feedback both of them. The benefit of this scheme is the reliability of A/N may be improved.  Another scheme is UE would send the A/N of the original transmission only.
In legacy LTE, PHY/MAC layer ACK/NACK is never delivered to higher layer. RLC ARQ mechanism is independent of the HARQ mechanism. The PHY/MAC A/N message is utilized either for stopping scheduling a TB if it is an ACK or for triggering another retransmission of this TB if it is a NACK and max transmission times is not reached. A/N message in NR would be expected like LTE’s A/N if no additional enhancement is approved.
Following this consideration, if the UE receives both of the original transmission and the subsequent transmission, the A/N of the original transmission would be meaningless. The retransmission which is supposedly stopped by ‘ACK’ or triggered by ‘NACK’ has already been scheduled and transmitted. If the subsequent transmission is missed by the UE, the A/N of the original transmission would get meaning. The gNB would know the subsequent transmission has been missed via the A/N of the original transmission before the expected A/N feedback of subsequent transmission. Hence, instead of improving the reliability of uplink feedback in the first scheme, the second scheme could improve the reliability of downlink transmission. The second scheme is preferred due that what is harmed by preemption is the downlink transmission but not the uplink transmission. Besides, the unnecessary interference between UEs or between cells could be avoided if the original transmission’s A/N is not sent. 
The A/N message of subsequent transmission should align with the retransmission mode of the victim eMBB UE, e.g. 1-bit feedback for TB-based retransmission or multiple bits for CBG-based retransmission.
Proposal 3: When a subsequent transmission is scheduled for a victim UE before A/N of the original transmission, the UE would transmit the A/N on the PUCCH resource indicated by DCI scheduling the subsequent transmission.

Conclusion
In this contribution, subsequent transmission before A/N feedback and retransmission are identified, we have the below identifications and proposal:
Observation 1:
· For victim transmission with lower MCS, pre-emption indication can help increase the likelihood of successfully decoding the original pre-empted transmission.
· For victim transmission with higher MCS, subsequent transmission/re-transmission is necessary to alleviate the performance degradation caused by resource reduction.
Observation 2: The lager BLER after preemption, the more obvious gap between subsequent transmission before A/N feedback and retransmission. The latency extension of subsequent transmission is smaller than that of retransmission when the BLER after preemption is larger than 15%.

Proposal 1: Subsequent transmission after preemption could be scheduled for victim users either in a TB-based re-transmission mode or in a CBG-based re-transmission mode.
Proposal 2: Subsequent transmission could be scheduled before the A/N of the original transmission.
Proposal 3: When a subsequent transmission is scheduled for a victim UE before A/N of the original transmission, the UE would transmit the A/N on the PUCCH resource indicated by DCI scheduling the subsequent transmission.
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Appendix
Appendix A. Simulation conditions
Table 1
	MCS Index
	Modulation
	Code rate
	Efficiency
	Working SINR @ BLER=0.1 under channel of TDL-C 300ns

	1
	QPSK
	0.10
	0.2
	-4.2 dB

	2
	QPSK
	0.21
	0.42
	-1.6 dB

	3
	QPSK
	0.33
	0.66
	0.2 dB

	4
	QPSK
	0.42
	0.84
	2.4 dB

	5
	16QAM
	0.29
	1.16
	3.6 dB

	6
	16QAM
	0.49
	1.96
	7.4 dB

	7
	16QAM
	0.58
	2.32
	9.1 dB

	8
	64QAM
	0.51
	3.06
	12.3 dB

	9
	64QAM
	0.61
	3.66
	14.7 dB

	10
	64QAM
	0.74
	4.44
	16.7 dB

	11
	64QAM
	0.77
	4.62
	17.4 dB

	12
	64QAM
	0.93
	5.58
	23.0 dB



[bookmark: OLE_LINK18]Table A1. LLS conditions 
	
	Simulation assumptions

	Bandwidth
	20MHz

	Subcarrier space
	15kHz

	Rank
	1

	Tx/Rx Antenna
	2X2

	Channel Model
	TDL-C 300ns




Appendix B Latency of subsequent transmission and retransmission
B.1 Latency of single HARQ process


[bookmark: _Ref480569168]Figure 5 subsequent transmission



[bookmark: _Ref480811058]Figure 6 Retransmission of single HARQ process
To calculate the latency, three possible events are taken into account. 
· Event #1: No preemption: successfully decode. With preemption: successfully decode. 
In this case, neither subsequent transmission nor retransmission is needed. The transmission latency would not be extended.
· [bookmark: OLE_LINK9]Event #2: No preemption: successfully decode. With preemption: fail.
[bookmark: OLE_LINK26]In case #2, if no subsequent transmission is sent, an additional retransmission would be necessary due to the preemption. The HARQ process would finish at TTI #(n+9), as shown in Figure 6. The latency extension caused by preemption is six TTIs.
If subsequent transmission is adopted, additional retransmission would be unnecessary. As shown in Figure 5, the HARQ process finishes at TTI #(n+5) if the subsequent transmission is scheduled at TTI #(n+2). The latency extension caused by preemption is reduced to two TTIs.
· Event #3: No preemption: fail. With preemption: fail.
In this case, a retransmission would be needed to finish this HARQ process. Hence, if retransmission is adopted, no latency extension is caused by preemption. The HARQ process ends at TTI #(n+9), as shown in Figure 6.Meanwhile, the scheme of subsequent transmission would still delay the HARQ process two TTIs. It finishes at TTI #(n+11), as shown in Figure 5.
Take all above cases into consideration. It is assumed the target BLER of original transmission is 0.1. When the original transmission is corrupted by URLLC burst, ideal indication is sent to the victim eMBB user. After completely removing the impact of URLLC burst, the BLER of the original transmission increases to x due to the resource reduction. Then, it could be obtained:
· The latency extension if subsequent transmission is adopted:


· The latency extension if subsequent retransmission is adopted:


The curves of latency with changing x are given in Figure 3. Whenever the BLER after preemption x is larger than 15%, the latency extension of subsequent transmission is smaller than that of retransmission. The lager BLER after preemption, the more obvious gap between them. When the BLER after preemption increases to 99%, the latency extension of subsequent transmission is about 1.98 TTIs, while the latency extension of retransmission is more than 5 TTIs. 

B.2 Latency of multiple HARQ processes


[bookmark: _Ref480578060]Figure 7 Example of original transmission without preemption



(a) HPN #0 is preempted


(b) HPN #5 is preempted
[bookmark: _Ref480578465]Figure 8 Examples of subsequent transmission




[bookmark: _Ref480815725]Figure 9 Examples of retransmission: HPN #0-5 is preempted

Assume there are six HARQ processes of the victim eMBB users. Consider the case that all processes would finish in the same transmission round, as shown in Figure 7. For example, all processes are correctly decoded in the same round. Or, all of them fail in this around and would be success in the next around. Only one HARQ process is assumed to be preempted.
· Event #1: No preemption: successfully decode. With preemption: successfully decode.
In this case, neither subsequent transmission nor retransmission is needed. The transmission latency would not be extended.
· Event #2: No preemption: successfully decode. With preemption: fail.
In case that retransmission is adopted as shown in Figure 9, if HPN#0 is preempted one-TTI latency extension would be caused. If HPN#5 is preempted six-TTI latency extension would be caused. If the preemption happens with each process with equal probability, the average latency would be 3.5 TTIs
In case that subsequent transmission is adopted, if HPN#5 is preempted two-TTI latency extension occurs. If the preempted HPN is #0-#4, one-TTI latency extension is caused. The average latency would be 1.167 TTIs.
· Event #3: No preemption: fail. With preemption: fail.
In case #3, similar to the analyses on latency of single process, retransmission always has no latency extension while the subsequent transmission would have the 1.167 TTI latency extension.
Again, take all above cases into consideration. Assume the target BLER of original transmission is 0.1.The BLER of the original transmission increases to x due to the resource reduction. Only one process is preempted and needs subsequent transmission or retransmission. Then, it could be obtained:
· The latency extension if subsequent transmission is adopted:


· The latency extension if subsequent retransmission is adopted:


The curves of latency with changing x are given in Figure 4. Compared with Figure 3, the gap of latency extensions of subsequent transmission and retransmission get smaller due to the average effect of multiple processes. When the BLER after preemption increases to 99%, the latency extension of subsequent transmission is about 1 TTI, while the latency extension of retransmission is more than 3 TTIs.
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