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In the last RAN1 #86bis, the following agreement was reached [1].
Agreements:
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots

This contribution looks into various use cases that benefit from the use of slot aggregation in order to minimize overhead while still benefiting from the scheduling granularity and lower latency offered by shorter slot durations. 
Use Cases for Slot Aggregation
There are several use cases which may necessitate the use of slot aggregation based on UE capability in terms of the processing timeline, mmW operation, larger gap requirements, etc
DL to UL Interference from Far Away Cells
In rural/suburban deployments where far away gNBs can have LOS-like conditions with propagation loss close to free space, DL to UL interference can be of concern. Antenna downtilting should help limit the reach of the gNB transmissions and limit the interference impact. However, in certain cases, the transmissions of a faraway gNB can reach the gNB of interest with some propagation delay and can interfere with the UL reception from UEs served by this gNB, as seen in Figure 1. For sufficient protection, the gap would need to be larger than the 1-way propagation delay between the gNBs. As an example, transmission from a 20 km away gNB would arrive with 67 us delay and can significantly interfere with the UL reception unless there is sufficient gap allocated. 



[bookmark: _Ref473799702]Figure 1 DL to UL Interference Problem
Using multiple symbol gaps in every 0.5 ms slot would lead to large overhead and inefficiency. In these cases, slot aggregation can be used to reduce the occurrence of gaps.
Proposal 1: In the case of deployments susceptible to DL to UL interference from far away LOS base stations, aggregated slots can be used to minimize the overhead due to the large switching gap required. 
UE Processing Timeline
Some UEs may require more time to decode a DL packet and send the corresponding ACK/NACK. The decoding time needed may be a function of the MCS being scheduled. It may also depend on the UE’s mobility since high Doppler UEs may require non-causal DMRS processing for channel estimation, which in turn may extend the decoding timeline. This would incur more overhead due to the need for additional gap (or data padding). In case of mmW deployments, the shorter slot durations may also lead to large overhead due to the relative size of the gap required by UE processing compared to the overall slot duration.   
Proposal 2: Aggregated slots can be considered to minimize overhead when UE processing timeline requires large gap from the end of the DL transmission to the ACK response. Different variations of the aggregated slot can be considered to maintain the scheduling granularity and latency benefits of shorter slots.

Slot Aggregation Options
In order to minimize the overhead due to large gap requirement, DL and UL-centric slots can be aggregated. Within an aggregated slot, there is only a single DL to UL transition with an extended gap and ULCB is sent only once at the end of the aggregated slots. 
For DL-centric slot aggregation, DL control can be sent in each of the slots of the aggregated slot to maintain scheduling granularity. To minimize the control overhead as well, an alternative approach could be to send a single control bock at the beginning of the aggregated slot. (Figure 2). In addition, DL transmissions can be suspended for the duration corresponding to the ULCB transmission of other nearby cells not using slot aggregation in order to prevent interference DL to UL interference.  


[bookmark: _Ref473799658]Figure 2 Aggregated DL-centric Slot

In Figure 3, aggregated UL-centric slot structure is provided, which starts with DL control block followed by an extended gap and UL transmissions. The ULCB in the middle can be omitted if UL control overhead is of concern. If desired, UL transmissions overlapping with DL control transmissions of nearby cell that are not using aggregated slots can be suspended in order to prevent UL to DL interference to those cells. This way, cells that are not being impacted by these far away interferers can still experience the latency benefits of a single slot structure with a shorter gap. 


[bookmark: _Ref473803739]Figure 3 Aggregated UL-centric Slot
In order to maintain the flexibility of scheduling both UL and DL packets within a 1 ms time interval, one can also consider aggregating a DL and an UL-centric subframe with a single extended gap in the middle. 


Figure 4 Aggregated DL-centric and UL-centric Slot

Conclusions
Proposal 1: In the case of deployments susceptible to DL to UL interference from far away LOS base stations, aggregated slots can be used to minimize the overhead due to the large switching gap required. 
Proposal 2: Aggregated slots can be considered to minimize overhead when UE processing timeline requires large gap from the end of the DL transmission to the ACK response. Different variations of the aggregated slot can be considered to maintain the scheduling granularity and latency benefits of shorter slots.
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