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1 Introduction
In 3GPP RAN1#88 and RAN1#88bis meeting, the following agreements on pre-emption indication for DL multiplexing of URLLC and eMBB were achieved [1][2]:
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 pre-empted 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
Agreements:

· No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 

· FFS whether the indication is based on NR-PDCCH or a group common PDCCH

· FFS location of the indication

· FFS timing of the indication
After the pre-emption indication, subsequent (re)-transmissions should be configured as a supplementary to the pre-empted transmission. In this contribution, we would like to discuss the time position of pre-emption indication and the content of the subsequent (re)-transmissions.
2 Pre-emption indication

For DL multiplexing of eMBB and URLLC traffic, as discussed in previous meetings, the pre-emption indication is required since it improves the performance of eMBB traffic obviously. According to the agreement in RAN1 NR 1st Ad-Hoc meeting[3], the time position of the pre-emption indication has two options: during the current eMBB TTI or in the TTI after the current eMBB TTI, as shown in Fig.1.

Option 1: During the current eMBB TTI

With this approach, indication about the pre-empted resource for URLLC transmission is informed via DCI on the same symbol as the control region of URLLC traffic. This early indication in time-domain allows the eMBB UE to know the pre-empted resource as soon as it occurs. However, delivering such indication to eMBB UE requires the eMBB UE to blind detect the DCI on the symbol of the control region of URLLC traffic. From the eMBB UE perspective, it needs to monitor the control region of every URLLC TTI. This large number of blind detections would consequently lead to the increased power consumption on eMBB UE. Furthermore, UE’s capability also should be taken into consideration, i.e., if an eMBB UE does not support URLLC service, then the UE couldn’t detect the DCI on the symbol of URLLC control region. In this case, the time position of the pre-emption indication should be located at the TTI after the current eMBB TTI (e.g. the next  TTI or in the next few TTIs).
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Fig.1. Time position of indication
Option 2: After the current eMBB TTI

With this approach, indication about the pre-empted resource is informed via NR-PDCCH at the TTI after the current eMBB TTI. In this case, the indication is sent through the control channel of the subsequent TTI, which leads to no extra burden on eMBB UE blind detection. It should be noted that the indication through the control channel of the next TTI may increase PDCCH blocking.

As discussed above, we think that both the time position of the pre-emption indication during the current eMBB TTI and the TTI after the current eMBB TTI should be supported. Which one will be used is up to the implementation of the gNB. If gNB decides the indication will be sent in the TTI after the current eMBB TTI, the gNB should configure the eMBB UE to detect the control channel in each eMBB TTI. Else, the gNB should configure the eMBB UE to detect the control channel in each URLLC TTI.

Proposal 1: Both the time position of pre-emption indication in current eMBB TTI and the TTI after current eMBB TTI should be supported.
3 Subsequent transmissions
After the pre-emption indication, sub-sequent (re)-transmissions should be configured as a supplementary to the pre-empted transmission. As shown in Fig.2, a TB of the eMBB UE is transmitted in this slot. It contains 9 CBs, noted as CB#0 to CB#8. It assumes that the number of CB per CB Group is 3. Because of the impacted resource, CB#4 part 2, CB#5, CB#6 and CB#7 part 1 are missed. 
It was discussed in the previous meeting that whether to transmit the impacted data before or after the HARQ ACK/NACK of the pre-empted transmission. According to the following agreements in [1][3], the timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values.  If the PDSCH to PUCCH time difference is very small, the impacted data can only be transmitted after receiving the HARQ ACK/NACK. Else, it is possible that the impacted data can be transmitted before the HARQ ACK/NACK.
Agreements:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing
Agreements:
· When a UE transmits PUSCH/PUCCH or receives PDSCH based on DCI detected in group common search space, UE applies one of FFSs: default value or value provided by SIB and/or value signaled in DCI. 

· This applies at least for following.

· PDCCH to PDSCH time difference

· PDCCH to PUSCH time difference

· PDSCH to PUCCH time difference

· FFS: timing relations during random access procedure.

· In case of DCI, FFS whether some entries is modified by UE specific RRC message.
· Note that this agreement does not preclude to include values provided by SIB also in UE specific RRC configuration
If after receiving the HARQ ACK/NACK of the pre-empted transmission, it is obvious that CB Group based subsequent retransmission could be used to transmit the impacted data. It means that subsequent retransmission would contain CB#3 to CB#8. While if before the HARQ ACK/NACK of the pre-empted transmission, the content of the subsequent transmission needs to be discussed. There are following three alternatives.
· Alt.1: Only contain the impacted data, i.e., CB#4 part 2, CB#5, CB#6 and CB#7 part 1. 
· Alt.2: Contain the impacted CB, i.e., CB#4, CB#5, CB#6 and CB#7.
· Alt.3: Contain the impacted CB Group, i.e., CB#3, CB#4, CB#5, CB#6, CB#7 and CB#8.
Sometimes, the content of these three alternatives is same to each other. However, at most times, the content of Alt.1 is less than that of Alt.2, while the content of Alt.2 is less than that of Alt.3. Thus, Alt.1 has the highest spectrum usage efficiency, while Alt.3 has the lowest spectrum usage efficiency. The disadvantage of the Alt.1 is the high complexity of the scheduling signaling. In order to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and the subsequent transmissions of the same TB, the scheduling signaling of the subsequent transmission should indicate the CB structure clearly, e.g., the data bits specifically intended for CB#4 part 2 and CB#7 part 1 respectively. In this case, some new IEs need to be added into the DCI signaling. If Alt. 3 is used, CB Group based retransmission related DCI signaling can indicate the content clearly. Thus, we propose that the content of the subsequent transmission should be decided considering both the spectrum usage efficiency and the complexity of DCI signaling.
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Fig.2. The impacted resource of eMBB User by URLLC User
Proposal 2: The content of the subsequent transmission should be decided considering both the spectrum usage efficiency and the DCI signaling overhead.
Another problem is how to configure the bit of “new data indicator” for the subsequent transmission before HARQ ACK/NACK. It is possible to introduce a new status such as ‘subsequent transmission’ in addition to ‘new data’ and ‘retransmission data’. Alternatively, just configure the subsequent transmission before HARQ ACK/NACK as ‘new data’. 
4 Conclusions
In this contribution, we presented the discussion on the time position of pre-emption indication and subsequent transmissions after the pre-empted transmission. Based on our analysis, we have the following proposals:
Proposal 1: Both the time position of pre-emption indication in current eMBB TTI and the TTI after current eMBB TTI should be supported.
Proposal 2: The content of the subsequent transmission should be decided considering both the spectrum usage efficiency and the DCI signaling overhead.
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