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Introduction
At RAN1#90 meeting, the following agreements related to DL pre-emption indication were approved [1]:
Agreements:
· For the purpose of further discussion, we conclude following:
· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· At least following is supported for DL CBG-based (re)transmission.
· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether jointly using other field as CBGTI or CBGFI
· FFS on multiple CW case.
· At least following is supported for DL and UL CBG-based (re)transmission.
· A DCI includes CBGTI.
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether NDI is re-interpreted as CBGTI
· FFS: whether jointly using other field as CBGTI
· FFS on multiple CW case
Agreements:
· Preempted resource(s) within a certain time/frequency region (i.e. reference downlink resource) within the periodicity to monitor group common DCI for pre-emption indication, is indicated by the group common DCI carrying the preemption indication
· The frequency region of the reference downlink resource is configured semi-statically
· FFS: explicit signaling or implicitly derived by other RRC signalling
· The time region of the reference downlink resource is configured semi-statically 
· FFS: explicit signaling or implicitly derived by other RRC signalling
· The frequency granularity of pre-emption indication is configured to be y RBs within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling
· Note: The y RBs can correspond to the whole frequency region of the downlink reference resource.
· The time granularity of pre-emption indication is configured to be x symbols within the reference downlink resource for the given numerology
· FFS: explicit signaling or implicitly derived by other RRC signalling
· Note: Time/frequency granularities of pre-emption indication should take into account the payload size of the group common DCI carrying the pre-emption indication

This paper considers soft-buffer handling and “flush” indication for DL pre-emption.  
Observations on pre-emption
DL pre-emption may be decided by the scheduler when ongoing transmissions needs to be interrupted in favour for other more important transmissions. For example, an ongoing eMBB transmission may be partly punctured due to a URLLC transmission. Clearly, puncturing may happen for the initial transmission as well as for re-transmissions to the eMBB UE. For example, the initial transmission to the eMBB UE may not be pre-empted while the re-transmission may be pre-empted. This means that only the soft values for the re-transmission soft-bits affected by the pre-emption will be corrupted. Hence, if the initial transmission and the re-transmission have overlapping soft-bits affected by pre-emption it is desirable to flush only the soft value contribution for the re-transmission.
Observation 1 Pre-emption may occur in any transmission, in initial as well as in re-transmission.

Proposal 1 CBGFI indication should indicate that only the soft-values for the transmission before current transmission should be flushed.
 
When digital beamforming is supported and there is excessive power and the eMBB and URLLC user are spatially separated the eMBB transmission may not need to be pre-empted. The scheduler may instead decide to MU-MIMO schedule the URLLC user with the eMBB user. Furthermore, several eMBB users may be MU-MIMO scheduled when the URLLC transmission needs to be made. The scheduler in such a scenario decide to pre-empt only those eMBB users with a beam that interferes too much with the beam to the URLLC user. Clearly, the sub-set of the MU-MIMO scheduled eMBB users that needs to be pre-empted depends on which URLLC user that needs to be scheduled. 

Observation 2 Only a sub-set of MU-MIMO scheduled eMBB UEs may need to be pre-empted 

Observation 3 The sub-set of MU-MIMO scheduled eMBB UEs that needs to be pre-empted depends on which URLLC UE is causing the pre-emption 

If the group-specific pre-emption indication (PI) is used as “flush soft-values” indication, then all UEs in the group will flush soft-values when receiving the group-specific DCI. In case of MU-MIMO scheduling, in order to avoid un-necessary “flushing” complicated UE-groups need to be formed and managed. If only a single group specific identity is supported, a scheduling flexibility will be limited or un-necessary “flushing” will occur. 

Observation 4 Soft-value flush indication using group-specific pre-emption indication leads to scheduling inflexibility and/or un-necessary flushing.

In a scenario where eMBB users are MU-MIMO scheduled and where a subset of the eMBB users are pre-empted it would be desired to efficiently indicate where the pre-emption occurred and which eMBB users are suffered. The CBGFI can accomplish this task to some extent since it indicates (UE-specifically) to each UE the CBGs that has “special” soft-buffer handling. The limitation may however be that flexible indication of where pre-emption occurred require several bits which causes increased overhead. More efficient would be to use the PI as a pre-warning to all eMBB UE that pre-emption occurred and where it occurred, while CBGFI would serve as a confirm message that the eMBB indeed was affected according to the PI. Such a solution would lower the overhead but still preserve flexibility in indicating pre-emption region. Furthermore, as CBGFI would be the confirm that soft-value flushing is needed the UE would flush corrupted soft-values although it failed to receive the PI. 

Observation 5 Using PI as group-specific pre-emption pre-warning and using CBGFI as UE-specific pre-emption confirm may yield low overhead and keep scheduling flexibility 

Proposal 2  Consider using PI and CBGFI together in pre-emption indication and indicating soft-buffer handling 
         
Conclusion
This paper has considered some aspects on soft-buffer handling with respect to DL pre-emption. It can be summarized as follows. 

Observation 1  Pre-emption may occur in any transmission, in original as well as re-transmission.  
Proposal 1 CBGFI indication should indicate that only the soft-values for the transmission before current transmission was corrupt   
Observation 2 Only a sub-set of MU-MIMO scheduled eMBB UEs may need to be pre-empted 
Observation 3 The sub-set of MU-MIMO scheduled eMBB UEs that needs to be pre-empted depends on which URLLC UE is causing the pre-emption 
Observation 4 Soft-value flush indication using group-specific pre-emption indication leads to scheduling inflexibility and/or un-necessary flushing.
Observation 5 Using PI as group-specific pre-emption pre-warning and using CBGFI as UE-specific pre-emption confirm may yield low overhead and keep scheduling flexibility 
Proposal 2  Consider using PI and CBGFI together in pre-emption indication and indicating soft-buffer handling 
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