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In RAN1 #89 it was agreed that:
· 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, superposed transmission of pre-emption indication is discussed. The benefits of this scheme are outlined.

[bookmark: _Ref129681832]Pre-emption indication
When eMBB data in a scheduling interval is preempted by URLLC, eMBB data is punctured and URLLC information is transmitted in its place. If the eMBB UE is not aware that preemption occurred, it treats the received URLLC signal in the preempted resources as a useful eMBB signal, thereby degrading eMBB spectral efficiency.
Thus, it is beneficial to indicate to the eMBB UE that preemption occurred. It may be of further benefit to let the eMBB UE know which time-frequency resources have been preempted, thereby enabling the eMBB UE to remove URLLC interference from the received signal.
Preemption indication (PI) informs the eMBB UE about which DL physical resources have been preempted. Moreover, it has been agreed that PI is transmitted using a PDCCH, but PI is not included in the DCI that schedules the data (re)transmissions.
Timing for pre-emption indication
The timing used for PI transmission is crucial to enabling the preempted UE to improve its data decoding performance by cancellation of the URLLC interference. In order to improve data decoding performance, the URLLC interference should be removed from the soft-LLR buffer in the receiver before decoding starts. To enable the eMBB UE to remove URLLC interference, PI should be transmitted as soon as the preemption information becomes available at gNB, i.e., already within the eMBB scheduling interval in which pre-emption occurs. Allowing later PI transmission might be intolerable because it would further delay data decoding. Moreover, when gNB operates in a TDD mode, the next slot might be configured as UL, then transmission of indication would be further delayed to a future downlink slot thereby generating a delay in data decoding and corresponding HARQ transmission. If that delay is not tolerable, the UE might decide to perform decoding before PI reception, thereby resulting in a data decoding degradation.
A convenient location for PI transmission is the last OFDM symbol in the eMBB scheduling interval. 
Observation 1: Transmission of PI in the same scheduling interval in which pre-emption occurs is more beneficial to the eMBB UE.
Proposal 1: Superposed PI can be transmitted at the end of the same scheduling interval in which pre-emption occurs.

Transmission scheme for PI
There are two options for PI transmission: UE-specific indication and UE-common indication. Figure 1(a) and Figure 1(b) show PI transmission by resource sharing with UE-specific indication and group-common indication, respectively.
In the case of UE-specific indication, each PI can be used to signal the starting position of the pre-emption for the corresponding eMBB user. For instance, as shown in Figure 1 (a) pre-emption indication of user #1 is used to indicate the time/frequency resource of pre-empted eMBB resources of the same user. The time/frequency indication in this case contains independently time/frequency of different data users (UE1, UE2 and UE3). When resource sharing is used as shown in Figure 1 (a) pre-emption indication of user 1 will contain eMBB data of user 1 as well. In this case, control information and eMBB data are independently encoded, pre-coded using dedicated pre-coders and then they are multiplexed (superposed).
When UE-specific pre-emption indication is used both control and data belongs to the same user. Therefore one can envisage using the same pre-coder for both control and data.
Data pre-coders of each user used in data region of slot (blue colored) are conventional closed-loop MIMO pre-coders and corresponding reference signals for data are allocated in data region and are pre-coded using the same pre-coder as data information. In the case of UE-specific resource sharing, reference signals used for control and data pre-coding could be shared. Note that here, control pre-coders use one single antenna port while data can use more than one antenna port. In the case of superposition with corresponding data transmission and corresponding antenna ports for higher ranks could be pre-defined and used.
Figure 1(b) shows the case when group-common PI is transmitted with resource sharing. In this case, a common pre-emption indication for a group of users (i.e. UE1, UE2 and UE3) is split into multiple segments (e.g., S1 …S4) and each segment is superposed onto eMBB data of one or more users (e.g., S3 in Figure 1(b)). Contrary to the previous case, RSs for group common PI transmission cannot be shared with RSs in the data region. Either new RS should be designed or RS from the design of common control channel should be re-used, thereby resulting in slight additional RS overhead. However, UE-specific signaling has higher signaling overhead.
Observation 2: With superposed UE-specific PI signaling, reference signals for control and data can be shared when using the same precoder for control and data.
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	(a) UE-specific DCI
	(b) Group-common DCI


[bookmark: _Ref484465515]Figure 1: Resource sharing for pre-emption indication using (a) UE-specific indication; (b) Group-common indication.
One considerable advantage of resource sharing for pre-emption indication is that, as PI is transmitted in the same resources as eMBB data, PI transmission does not cause further eMBB data preemption/puncturing. Therefore, the chances that the eMBB TB is correctly decoded are higher than with the orthogonal multiplexing. This increases data spectral efficiency considerably. Corresponding results on advantage of this are shown in [1].
Observation 3: Resource sharing of pre-emption indication with data avoids further pre-emption of eMBB data resources and increases data spectral efficiency.
As in the case described in [1] the only additional step compared to a conventional reception is the symbol level interference cancellation that does marginally increase the receiver complexity.
Observation 4: Resource sharing of pre-emption indication with data does not enhance receiver complexity.

Proposal 2: eMBB data and indication of its preempted resources can be mapped to the same time-frequency resources.

Granularity of the time and frequency indication
Granularity of the time indication for pre-empted resource is symbol level logically. When UE-specific signaling is used with resource sharing frequency granularity of pre-emption indication could be considered as small as possible (RBG level). A tradeoff between additional gain and lower granularity could be considered. 

Observation 5: RBG-level granularity could be considered for UE-specific signaling of pre-emption indication.   

Conclusion
We have the following observations and proposals:
Observation 1: Transmission of PI in the same scheduling interval in which pre-emption occurs is more beneficial to the eMBB UE.
Proposal 1: Superposed PI can be transmitted at the end of the same scheduling interval in which pre-emption occurs.
Observation 2: With superposed UE-specific PI signaling, reference signals for control and data can be shared when using the same precoder for control and data.   
Observation 3: Resource sharing of pre-emption indication with data avoids further pre-emption of eMBB data resources and increases data spectral efficiency.
Observation 4: Resource sharing of pre-emption indication with data does not enhance receiver complexity.
Proposal 2: eMBB data and indication of its preempted resources can be mapped to the same time-frequency resources.
Observation 5: RBG-level granularity could be considered for UE-specific signaling of pre-emption indication.   
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