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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In previous RAN1 meetings, some agreements on pre-emption indication for DL multiplexing of URLLC and eMBB were achieved [1]:
Agreements:
· DL dynamic resources sharing between eMBB and URLLC are supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources.
· No specific specification work is expected  
· The above should be captured into TR 38.802
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
In this contribution, we provide further considerations on indication design details. Pre-emption indication switch, indication position and indication content are discussed.
Discussion
Pre-emption indication switch
As discussed in the previous meetings, it has been shown that after URLLC pre-emption, indication improves eMBB decoding performance significantly. However, it is also agreed that eMBB and URLLC coexistence is also supported without pre-emption. As a result, the network should be able to switch on and off the pre-emption indication for eMBB UEs. At least for the following cases, the pre-emption indication shall be switched off:
1. When DL dynamic resources sharing between eMBB and URLLC is supported without pre-emption, indication is not configured for eMBB UE.
2. When there is no URLLC access in the network, indication is not configured for eMBB UE.
3. When a certain sub-band is not configured for URLLC transmission, indication is not configured for eMBB UE.
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Figure 1 Examples for indication switch (upper: sub-band dependent switch; lower: time dependent switch)
The indication can be switched on and off implicitly or explicitly. For example, when an eMBB UE is scheduled in a sub-band where no pre-emption would occur, the indication is switched off automatically. When an eMBB UE is scheduled in a sub-band where pre-emption would occur, the indication is switched on automatically. On the other hand, even when an eMBB UE is scheduled in a sub-band where pre-emption would occur, however there is no URLLC UE access for a period of time, indication can still be switched off via dynamic/semi-static signaling. Indication can be switched on again via signaling when there is URLLC UE access, meaning that pre-emption may occur at any TTI.
Proposal 1: Signaling is provided to the eMBB UEs whether they need to monitor pre-emption indication or not. FFS signaling is semi-static or dynamic.
Indication position
Indication is signaled to the eMBB UE to clear the URLLC interference in eMBB UE’s data buffer. Sending indication before each pre-empted eMBB TB’s A/N can help the UE to remove the significant interference caused by URLLC traffic, therefore increasing the received SINR of that TB, and the likelihood of successful decoding of each transmission can be increased. If indication is sent after A/N, indication cannot help UE increase the likelihood of successful decoding of each transmission. Link level simulation results in Figure 2 show the benefit of sending indication before initial transmission’s A/N. It can be seen that significant gain is achieved when UE utilizes the indication information to assist decoding, especially when SNR is low. If indication is sent after A/N, BLER of initial transmission is around 40%~57%. If indication is sent before A/N, the BLER of initial transmission is decreased almost half, around 20%~29%. In the LLS, URLLC packet size is 32 byte with 2 OS length @ 15 kHz. URLLC average arrival rate is 1 packet per ms. As a result, indication should be sent before each transmission’s A/N feedback.
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Figure 2 Indication before A/N benefits the initial transmission
[bookmark: OLE_LINK16]Besides, if the indication is sent after A/N, the eMBB UE will process the received signal like a normal signal. The URLLC signal would be involved into the soft buffer of eMBB UE. If the impacted transmission is initial transmission, the pollution caused by URLLC’s preemption could be removed from the soft buffer after the indication has been received. However, if the impacted transmission is a re-transmission, all transmissions of the same TB before the impacted transmission would be polluted. The eMBB UE would lose all information of the data which are underlined by the indication. Even though another re-transmission could be scheduled, the reliability of these data would be degraded.
Observation 1: Sending indication before A/N provides higher successful decoding probability for pre-empted eMBB data.
Observation 2: In the case that the impacted eMBB transmission is a re-transmission, all transmissions of the same TB before the impacted transmission would be polluted if the indication is sent after A/N.
Proposal 2: Indication for the impacted TB shall be signaled to the UE before A/N to assist the decoding of the impacted TB.
In addition, indication should be protected and not be pre-empted by URLLC traffic. We propose:
Proposal 3: Indication should not be pre-empted by another downlink transmission.
Currently, there are some proposals for before-A/N indication:
1. Multiple indications during the eMBB scheduling interval
2. One indication at the end of eMBB scheduling interval
3. One indication after eMBB scheduling interval, e.g., in the next slot/interval.
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Figure 3 Illustration of indication position candidates
In Figure 3, we show examples when eMBB TB is scheduled over one TTI and URLLC traffic spans a portion of the TTI.
Note that eMBB Scheduling interval can span one slot or aggregation of slots and URLLC scheduling interval can span mini-slot(s) or a slot, based on same or different numerology. 
According to option 1, indication can be sent at multiple locations, e.g., every n symbols, during the eMBB interval, where n is less than the number of symbols in the eMBB interval. If the indication timing is aligned with URLLC traffic arrival, it can help to erase the eMBB UE buffer immediately. It can also be useful if eMBB UE needs to decode on-the-fly, symbol(s)-by-symbol(s), i.e., eMBB UE will not attempt to decode the symbols containing URLLC traffic. However, it increases the blind detection attempts for the eMBB UE within a TTI, even when the TB is not pre-empted by any URLLC traffic. The multiple indications method may use a control channel sub-band or it may be sent within eMBB UE’s own resource region. For both design options, a dedicated search space for the indication needs to be designed from the beginning. Since indication is very important for eMBB UE decoding, the resources used by indication cannot be pre-empted by any URLLC traffic. As indication is sent in data region, a new channel design is needed. 
Observation 3: Multiple indications during the eMBB interval can be useful for clearing eMBB buffer and/or on-the-fly decoding, however it requires more than one blind detection attempt by an eMBB UE. New channel is needed to send the indication. 
For option 2, one indication at the end of the current eMBB scheduling interval is sent which only requires the eMBB UE to monitor one indication location, in addition to the monitoring of regular eMBB DCIs. As currently only data is sent at the end of a scheduling interval, a new channel needs to be designed for the indication and how to insert the new channel into the data region of eMBB traffic needs further study. For example, some resources at the end of every interval can be reserved for indication. Or, the indication can occupy the eMBB resources only when pre-emption occurs. Since indication is very important for eMBB UE decoding, the resources used by indication cannot be pre-empted by URLLC traffic.
Observation 4: One indication at the end of the eMBB scheduling interval requires one additional detection attempt. A new indication channel needs to be designed.
According to option 3, one indication at the next slot after the eMBB scheduling interval also requires the eMBB UE to monitor one indication location. Considering that regular eMBB DCI is front loaded, such indication can be embedded into the regular eMBB control region. Reusing the eMBB control region is beneficial, as eMBB UE can obtain indication information while it is monitoring DCI. Since eMBB UE needs to detect DCI every slot, no extra blind detection is needed to detect the indication. Smaller standardization impact is expected. 
Observation 5: One indication at the next slot after the impacted eMBB interval does not increase eMBB UE’s blind detection attempt.
Indication content
Indication is to notify the time-frequency resources impacted by URLLC. Time domain information is necessary. In order to reduce the number of indication bits, the time domain information can be related to the time domain granularity of the URLLC traffic. For example, if slot based URLLC is being used, the time domain granularity is slot level. If mini-slot based URLLC is used, the granularity is mini-slot level, e.g., 2OS. Frequency domain information can also be considered. However, the number of bits used for frequency domain information shall be limited. Since URLLC requires ultra reliability, it is likely that URLLC traffic would often occupy large BW portion. As a result, frequency domain granularity can be related to the sub-band level. It is beneficial if minimum frequency granularity of URLLC and eMBB traffic in the coexistence region is same, so that one URLLC transmission frequency granularity does not span multiple eMBB TBs. Otherwise one URLLC transmission can adversely trigger pre-emption of parts of multiple eMBB TBs. 
CB-level indication is not desired. The number of pre-empted CBs by URLLC is too dynamic and challenging to be notified. As the number of CBs of each TB is not fixed, indicating which CBs are pre-empted would be very dynamic, even if the pre-empted time-frequency resources are the same. As a result, indication content should be independent of number of CBs in each TB. Time-frequency resources are to be used for indication. 
Proposal 4: Indication contains time-frequency domain pre-emption information. Time domain granularity corresponds to URLLC TTI and frequency domain granularity corresponds to sub-band configuration.
In addition, indication can be used to notify eMBB UE the amount of resources sent in a supplementary transmission [2]. Supplementary transmission only carries the information related to the indication and it can be sent before A/N, further improving the decoding of the impacted TB.
Conclusion
In this contribution, the detailed design of indication is discussed, including indication switch, indication location and indication content. We have following observations:
Observation 1: Sending indication before A/N provides higher successful decoding probability for pre-empted eMBB data.
Observation 2: In the case that the impacted eMBB transmission is a re-transmission, all transmissions of the same TB before the impacted transmission would be polluted if the indication is sent after A/N.
Observation 3: Multiple indications during the eMBB interval can be useful for clearing eMBB buffer and/or on-the-fly decoding, however it requires more than one blind detection attempt by an eMBB UE. New channel is needed to send the indication.
Observation 4: One indication at the end of the eMBB scheduling interval requires one additional detection attempt. A new indication channel needs to be designed.
Observation 5: One indication at the next slot after the impacted eMBB interval does not increase eMBB UE’s blind detection attempt. 

In order to help eMBB UE’s decoding of the pre-empted TB while minimize the blind detection attempts caused by the introduction of indication, we have the following proposals:

Proposal 1: Signaling is provided to the eMBB UEs whether they need to monitor pre-emption indication or not. FFS signaling is semi-static or dynamic.
Proposal 2: Indication for the impacted TB shall be signaled to the UE before A/N to assist the decoding of the impacted TB.
Proposal 3: Indication should not be pre-empted by another downlink transmission.
Proposal 4: Indication contains time-frequency domain pre-emption information. Time domain granularity corresponds to URLLC TTI and frequency domain granularity corresponds to sub-band configuration.
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