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1. Introduction
In the previous RAN1 meeting, following agreements were achieved [1]:
	Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots


This contribution discusses implications of slot based transmissions with different durations and also cases when shorter data transmissions are pre-empting parts of slot based transmissions.  
2. Discussion

2.1 Case 1 – Transmission with different durations in FDM In Fig. 1 below, it is illustrated that UE1, UE2 and UE3 data transmissions are multiplexed. UE2 and UE3 are multiplexed with UE1’s data in FDM fashion. UE1’s data spans the three slots while UE2’s data only is transmitted in slot 0 and UE3’s data only in the last two slots. It is assumed for the different transmissions: UE1: slot 0~2 are aggregated, UE2: no slot aggregation, UE3: slots 1~2 are aggregated.
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Fig. 1 FDM multiplexing between data with different transmission durations
Following observations can be made from Fig 1:
1) Since slots 0~2 are aggregated for UE1 in sub-band 1, only one PDSCH starting symbol for the aggregated slot should be indicated to UE1. There may be no other control region during the aggregated slot, the UE may not need to do blind detection during slot 2 and slot 3 in sub-band 1.
2) Different slot structures maybe applied in different sub-bands (UL/DL/reserved/blank indication may be different). For example, considering a self-contained structure, the UL control region for ACK/NACK feedback of the aggregated slot may exist in the end part of the slot 2 while it may exist in the end part of the slot 0 for non-aggregated slot of UE2.
3) Since different UEs may have a different slot aggregation level, the slot aggregation should be configured in a UE-specific way.

2.2 Case 2 – Transmission with different durations in TDM
In Fig. 2, it is shown that UE2 and UE3 are multiplexed with UE1’s data in TDM fashion, where UE1’s data is transmitted over all the three slots while UE2’s data and UE1’s data is only transmitted in slot 1 and slot 2, respectively. Slot 0~2 are aggregated for UE1. UE2 is scheduled during slot 0 for data transmission in slot 1 (cross-slot scheduling).
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Fig. 2 TDM multiplexing between data with different transmission durations
Following observations are made from Fig. 2:

1) In the aggregated slot for UE1, the several isolated PDSCH are transmitted. As a result, multiple PDSCH position indications for different data transmissions within the aggregated slot should be introduced.
2) Every slot may include the control region, thus the UE may need to do blind detection in every slot during the period within the aggregated slot.

3) Different slots within the aggregated slot may have a different structure. The common DCI may be used to indicate the slot structure of all the slots within the aggregated slot.
2.3 Case 3 – Resource reusing for data transmission with different durationsAs Fig. 3 is showing, UE2 and UE3 are sharing the resources with UE1. UE1’s data is configured to be transmitted over all the three slots while UE2’s data and UE3’s data is only transmitted in slot 1 and slot 2, respectively. UE2 and UE3 are re-using the resource of UE1.
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Fig. 3 Resource reusing for data with different transmission durations
Following observations could be got from Fig. 3:

1) Similar to the case 1 that the PDSCH starting and/or ending position for different slots could be different for UE1 in the aggregated slot. As a result, multiple PDSCH position indications for different slot within the aggregated slot should be introduced for the UE with aggregated slot.
2) Every slot may include the control region, thus UE may do blind detection in every slot during the period within the aggregated slot.

3) Since only resource reusing happens in the aggregated slot, a unified slot structure for the aggregated slot may be signalled by common DCI.
In the practice, FDM, TDM and resource reusing may happen at the same time or at least two of them may happen at the same time. 
To summarize the above discussion, the following conclusions can be made: 

· The PDSCH starting/end positions in each slot of the aggregated slot may be different.

· The control region may or may not exist in every slot of the aggregated slot.

· Different slot structures may be applicable for different slots of the aggregated slot.
· Even in the same slot different slot structures may be used in different sub-bands.

· Different UEs may have different slot aggregation.

The PDSCH starting/ending position for each slot of the aggregated slot may be different, thus separate PDSCH starting/end position indication for each slot through UE specific DCI should be supported.
Since the control region may or may not exist in every slot of the aggregated slot, a UE may have to do blind detection in every slot. In order to reduce the complexity of the UE blind detection and also to reduce UE power consumption, a feasible way is to dynamically indicate the existence of a control region, for example in the common DCI. 

The slot structures may be different in different sub-bands, one common DCI indicating multiple slot structures for multiple sub-bands, respectively, or multiple common DCIs could be considered. The latter may be lightly preferred because of less signalling overhead.
Different UEs may have different levels of slot aggregation, thus we propose that the information of slot aggregation should be indicated in a UE-specific way.
2.4 Case 4 – Pre-emption of partial slot based transmissions
The dynamic multiplexing of URLLC and eMBB by preemption has been extensively discussed: mini-slots carrying URLLC bursts preempt a few eMBB symbols of an already scheduled slot based transmission. One scheme that has been brought to help improve the eMBB performance in these situations is the sub-sequent transmission. The gNB is aware of which eMBB resources have been preempted and transmits the data on its own initiative before the UE generates the ACK/NACK. The original idea has been that the preempted data is transmitted directly in the sub-sequent slot. However, this can cause severe problems for the scheduler implementation: If the preemption occurs in slot N, the scheduler usually has already prepared the transmissions for slot N+1. Thus, it might not be possible to perform the sub-sequent transmission in the next slot. One solution to this problem would be to carry out the sub-sequent transmission in a later slot but still before the ack/nack as illustrated in the figure 4 below:
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Fig. 4 Sub-sequent transmissions in a slot before the ack/nack 
However, the closer the sub-sequent transmission comes to the ack/nack feedback, the larger the latency becomes and most of the benefits become neutralized, so that a conventional re-transmission could do the same job. 
Below, a method is described that could preserve the good latency characteristics of an immediate sub-sequent transmission while at the same time relaxing the processing time requirements of the scheduler.
· Assume that an eMBB transmission gets preempted in slot N. The corresponding symbols are not sent to the already scheduled eMBB UE but instead a URLLC transmission is served during this time
· Assume further that the gNB scheduler already has finished the scheduling preparation for slot N+1, it cannot schedule the preempted symbols as a sub-sequent transmission in slot N+1

· However, what the gNB can do is to preempt another data transmission that will take place in slot N+1 (in the same way as URLLC can preempt eMBB, it is also possible that a mini-slot eMBB can preempt a slot of eMBB). The preempted data transmission from slot N can itself preempt another data transmission in slot N+1. One could think that this will cause an avalanche of preemptions, but this is not the case as explained in the following.  
· Already in slot N, the gNB will know that it is going to preempt a data transmission in slot N+1. It has now enough time available to schedule the newly preempted data in slot N+2. The first pre-emption caused by URLLC will happen spontaneously, the second one happening in a controlled way. It is known ahead of the scheduling time and the preempted data can be scheduled in the following slot.   
· The benefit is that the latency is always just one slot. The drawback is that the number of preemptions needs to be doubled, since a spontaneous preemption caused by URLLC is followed by a controlled preemption, where eMBB is preempting eMBB.
 The scheme is illustrated in Figure 5 below: 
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Fig. 5: Pre-emption is followed by another pre-emption and a scheduled transmission   
3. Conclusion
Based on the analysis given above, we have the following proposals and observation:
Proposal 1:  Separate PDSCH starting/end position indication for each slot through UE DCI should be supported.

Proposal 2: The existence of a control region in an aggregated slot could be indicated in the common DCI. This reduces the number of UE blind detections and power consumption.

Proposal 3: The slot structure should be indicated on sub-band level either through one common DCI including the indication of multiple slot structures or multiple common DCIs, one for each sub-band.
Proposal 4: The slot aggregation configuration (such as duration) should be indicated in a UE-specific way.
Observation: A sub-sequent transmission can help to reduce the latency even under timing constraints for the scheduler.
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