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Introduction
In RAN1#88, the agreements on the indication of URLLC transmission with dynamic resource sharing with an ongoing eMBB transmission were reached [1].
Agreements:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details
Agreements:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB
In this contribution, we are going to discuss the remaining issues of the preemption from URLLC to eMBB, including
· Follow-up behavior of both gNB and eMBB UE after indication, including
· Re-transmission schemes without NACK
· Re-transmission schemes with NACK
· URLLC preemption on the eMBB control region
Re-transmission schemes without NACK
There are 3 types of re-transmission schemes that we are going to discuss, including
1) No re-transmission
2) Scheduled re-transmission
3) Automatic re-transmission without scheduling information
It is worth a note that ACK/NACK based re-transmission can be applied to all the 3 schemes above, and therefore, it is not discussed in this section and will be addressed in Section 3.
No re-transmission (Scheme A)
In this scheme, gNB (or both gNB and UE) assumes that the victim eMBB UE can correctly decode its respective data with only indication, and that the BLER is not so substantially affected that a re-transmission is unnecessary. In this case, it is more efficient to await the ACK/NACK feedback before any further action. 
Figure 1 shows one simple case of change in block error rate with a 2-symbol URLLC preemption starting from a random position in the eMBB data region. The simulation assumption is based on MIMO calibration phase 2 [2] with the carrier frequency 4GHz, the channel model CDL-A 100ns, beam selection method 1, and LTE . DMRS is assumed to be unaffected to enable eMBB UE to perform channel estimation. From the figure, it can be observed that if the MCS is designed to target  BLER, the BLER would increase up to  with 2-symbol preemption and indication.
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[bookmark: _Ref477782831]Figure 1 Simulation results of preemption with indication

Scheduled re-transmission (Scheme B)
In this scheme, gNB assumes that the victim eMBB UE probably cannot correctly decode its respective data with only indication, and that the BLER is so substantially affected that a re-transmission is necessary. In this case, it is more efficient not to await the ACK/NACK feedback and start a re-transmission after the preempted transmission.
Using a scheduled re-transmission can provide sufficient flexibility of choosing MCS, bandwidth, redundancy version, and etc. via imposing some transmission and detection overhead of DCI for an eMBB UE.
Automatic re-transmission without scheduling information (Scheme C)
In this scheme, both gNB and UE identify that the victim eMBB UE probably cannot correctly decode its respective data with only indication, and that the BLER is so substantially affected that a re-transmission is necessary. In this case, it is more efficient not to await the ACK/NACK feedback and start a re-transmission immediately after the preempted transmission. Since there is no scheduling information, both gNB and UE are required to identify that the succeeding re-transmission follows a predefined pattern, including MCS, bandwidth, redundancy version, and etc. The automatic re-transmission part could be carried on the resource previously configured to the eMBB UE and the delay of the eMBB UE transmission can be minimized since it could be on the slot right after the preempted transmission finishes if the gNB is capable of re-coding and re-modulating the eMBB data intended to be sent on the following eMBB slot. Otherwise, the automatic re-transmission part should be carried on the eMBB slot N+2 as shown in Figure 2. 

 
Figure 2 Automatic re-transmission without scheduling

In case of the automatic re-transmission part being sent on the slot right after the preempted transmission finishes, the gNB needs to re-code and re-modulate the eMBB data intended to be send on eMBB slot N+1 and the re-coded and re-modulated eMBB data  may not be sent in time because of the processing delay. In this case the remaining resource will be wasted. An alternative solution is to send the automatic re-transmission part on eMBB slot N+2. To fulfill this scheme, a threshold M should be predefined according to the gNB’s capability. M refers to the last M URLLC slots within an eMBB slot, if URLLC traffic preempts the slot before M, the automatic re-transmission part will be sent on eMBB slot N+1 otherwise N+2.

Suppose the eMBB processing  delay is Ted, the URLLC processing delay is TUd, the URLLC slot length is TU, a parameter T satisfies that (T + TUd + TU) ≥ Ted, T = (M+1) TU . In case of the preempted eMBB data on slot N, when URLLC traffic arrives before T + TUd, the URLLC slot before M will be preempted and the automatic re-transmission part will be carried on the red part of the eMBB slot N+1. Otherwise, the URLLC slot within M will be preempted and the automatic re-transmission part will be carried on the green part of the eMBB slot N+2. , as shown in Figure 2 M = 1. If M = 0, the automatic re-transmission part will only be carried on the eMBB slot N+1. The value of M can help UE locate the automatic re-transmission part and should be configured to all the eMBB UEs in the cell.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Whenever an eMBB UE realizes that its transmission has been preempted by reading the indication, the victim eMBB UE could find its automatic re-transmission part according to M and the indication. When the automatic re-transmission is carried on the eMBB slot N+1, the UE could decode the TB after the preempted part is received. In this case the transmission delay is one URLLC slot length longer than no preempted ones. In case of the automatic re-transmission being carried on the eMBB slot N+2, there are three ways of decoding.
a) The preempted eMBB UE decodes the TB with indication when slot N finishes. In this way the decoding delay can be minimized. If the decoding fails, the UE will decode the TB after the automatic re-transmission part is received again. This scheme lead to extra energy consumption.
b) The preempted eMBB UE decodes the TB after the preempted part is received. This scheme lead to longer decoding delay.
c) A pre-defined rule for choosing between a) and b) can be adopted taking into account the percentage of preemption, MCS and the number of transmissions.
Using an automatic re-transmission without scheduling information can reduce the overhead of control signaling of re-transmission, and the detection thereof. In addition, the transmission delay can be minimized which is beneficial for UPT.
Proposal 1: If automatic re-transmission without scheduling information is supported, a threshold M should be predefined and configured to all the eMBB UEs in the cell according to the gNB’s capability.
[bookmark: _Ref477795947][bookmark: _Ref477796704]Factors triggering a re-transmission
The factors triggering a re-transmission are mainly those that affect the BLER, including
· The percentage of preemption: it is obvious.
· MCS: [3] shows that higher order of MCS is more prone to suffer from preemption, while lower order is more robust.
· Whether the preempted transmission corresponds to the 1st transmission or a re-transmission: a re-transmission is more robust than the initial transmission to preemption. 
Combination of re-transmission schemes
There are five possible ways of combing one or multiple of those schemes in the specification. 
· Scheme A only
In this case, for gNB, there is no re-transmission and only indication is provided. For UE, it is required to attempt to decode those data not being preempted, and if it fails to decode, it can request for a re-transmission via sending NACK to gNB. There is no redundancy transmission, since re-transmission only occurs when the initial transmission fails, but the latency of eMBB UE is increased since the 1st transmission may suffer from severe degradation. There is no specification impact for this case.
· Scheme B only
In this case, for gNB, there is always a re-transmission once the preemption occurs. The indication may be transmitted with the scheduling grant of the re-transmission. For UE, it is expected to decode the re-transmission grant after the preemption. There might be possible redundancy transmission when the 1st transmission could be correctly decoded with a relatively high probability and a re-transmission is initiated regardless of that. There is little specification impact for this case.
· Scheme C only
In this case, for gNB, there is always a re-transmission once the preemption occurs. The resources allocated to re-transmission follows a predefined pattern. For UE, it is required to identify the pattern and receive the corresponding re-transmission thereby. There might be possible redundancy transmission, when the 1st transmission could be correctly decoded with a relatively high probability and a re-transmission is initiated regardless of that. The pattern needs to be specified for this case.
· Scheme A+B
In this case, for gNB, there might or might not be a re-transmission, depending on the triggering conditions described in Section 2.4. It is up to gNB’s implementation how the triggering conditions are deployed. For UE, it is required to decode excessively possible scheduling grant of re-transmission before it sends any ACK/NACK of the preempted transmission. There is no redundancy transmission, since gNB initiates the re-transmission based on its prediction of affected BLER. There is little specification impact for this case.
· Scheme A+C
In this case, for gNB, there might or might not be a re-transmission, depending on the triggering conditions described in Section 2.4. Both gNB and UE should be aware of whether the conditions are satisfied. If they are satisfied, both will transmit and receive according to a predefined pattern, respectively, and will not, if otherwise. The triggering conditions and the pattern need to be specified for this case.
The comparison between all five combinations are summarized in Table 1.
[bookmark: _Ref477801303]Table 1 Comparison between all five combinations
	
	Triggering condition known to
	Re-transmission pattern
	eMBB UE performance

	
	gNB
	UE
	
	

	Scheme A only
	No
	No
	N/A
	No redundancy transmission.
Worse 1st transmission.

	Scheme B only
	No
	No
	Flexible
	Possible redundancy transmission.
Better 1st transmission.

	Scheme C only
	No
	No
	Predefined pattern
	Possible redundancy transmission.
Better 1st transmission.

	Scheme A+B
	Yes
	No
	Flexible
	Better 1st transmission.
Excessive monitoring of control.

	Scheme A+C
	Yes
	Yes
	Predefined pattern
	Better 1st transmission.



Considering the UE performance, the flexibility of design, and specification effort, Scheme A+B should be considered. Based on the prediction on the performance under preemption, gNB can decide whether to initiate a re-transmission. For UE, it follows the routine receive procedure, and try to gather all beneficial information to recover from a preemption.
Scheme C and Scheme A+C should also be considered as candidate re-transmission schemes, since they provide a quick re-transmission and reduce the signaling overhead and UE processing.
Proposal 2: The combination of no re-transmission and scheduled re-transmission should be considered.
Proposal 3: The schemes supporting automatic re-transmission without scheduling information should also be considered, as they reduce the signaling overhead and UE processing.
[bookmark: _Ref477945778]Re-transmission scheme based on NACK
In this section, we discuss a NACK based re-transmission scheme based on Scheme A. There are two transmission schemes for initial transmission when the eMBB data is preempted by URLLC, namely, preemption via puncture and preemption with delayed transmission [3]. In [3] it is pointed out that when the MCS is low and the percentage of preemption is small, preemption with delayed transmission outperforms preemption via puncture with small BLER loss compared with no preemption. In this case, automatic re-transmission is not necessary and NACK based re-transmission is preferred.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Preemption with delayed transmission can used for the eMBB initial transmission, and when preemption happens, the eMBB data in the very end of the originally scheduled slot will not be transmitted. Therefore, preemption via puncture is preferred as the default transmission scheme for re-transmission to avoid the loss of the same part, if the re-transmission is chase combining and is preempted again. Moreover, due to the burstiness of URLLC traffic, e.g., from other cells, the SINR of the eMBB data may vary significantly between OFDM symbols / URLLC slots. UE can assist gNB in choosing between preemption via puncture and preemption with delayed transmission for the re-transmission.
Proposal 4: For NACK based re-transmission, preemption with delayed transmission for the eMBB initial transmission and preemption via puncture for the re-transmission should be considered as the baseline.
Observation 1: UE can help gNB choose between preemption via puncture and preemption with delayed transmission for the re-transmission.
URLLC preemption on eMBB control region
There are two schemes to handle the incidence of preemption on the eMBB control region
· Not allowing URLLC to preempt on the eMBB control region
· Allowing URLLC to preempt and stop transmitting eMBB data once its control region is preempted
For the first scheme, there might be too much restriction on URLLC, causing potential additional latency. For the second scheme, a preempted URLLC traffic in control region can be treated as a regular URLLC traffic, since eMBB UE may not even be able to decode its control information. Under that condition, the eMBB UE could assume that there is no data transmission, as is the behavior of failure to detect any PDCCH, and will monitor the control region in the next TTI. Therefore, we prefer that URLLC traffic can “preempt” in the eMBB control region, when gNB will stop transmitting eMBB data whose control region is preempted.
Proposal 5: Support URLLC to preempt on the eMBB control region.  
Conclusion
In this contribution, we discuss the remaining issues regarding the preemption from URLLC and eMBB. Three re-transmission schemes and the combination among them are presented and analyzed. Two solutions to handle the preemption on the control region are also shown and compared. Based on the discussion, we have the following proposals:
Observation 1: UE can help gNB choose between preemption via puncture and preemption with delayed transmission for the re-transmission.
Proposal 1: If automatic re-transmission without scheduling information is supported, a threshold M should be predefined and configured to all the eMBB UEs in the cell according to the gNB’s capability.
Proposal 2: The combination of no re-transmission and scheduled re-transmission should be considered.
Proposal 3: The schemes supporting automatic re-transmission without scheduling information should also be considered, as they reduce the signaling overhead and UE processing.
Proposal 4: For NACK based re-transmission, preemption with delayed transmission for the eMBB initial transmission and preemption via puncture for the re-transmission should be considered as the baseline.
Proposal 5: Support URLLC to preempt on the eMBB control region.
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