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Introduction
In RAN#86 a new work item on dynamic spectrum sharing (DSS) between LTE and NR was agreed to provide a smooth migration from LTE to NR [1]. The objective is to enhance PDCCH scheduling for cross-carrier scheduling including PDCCH of SCell scheduling PDSCH on PCell and single PDCCH scheduling PDSCH on multiple cells. This contribution discusses the support of single DCI scheduling PDSCH/PUSCH on multiple cells.
Discussion
Dynamic spectrum sharing (DSS) between NR cell and LTE cell is supported since NR release-15. While the first release of NR was targeting a lower number of NR UEs compared to LTE UEs, it is expected that NR UEs will outnumber LTE UEs in the future. This motivate the need to enhance the spectrum sharing feature. One of the possible aeras to enhance DSS is to reduce the load on the shared carrier. Offloading the downlink control channel of the shared carrier to a different carrier is a good solution to reduce the load. For the case where the shared cell is a PCell, cross-carrier scheduling PCell from SCell is not possible in the current specification. The work item objective is PDCCH enhancements including enabling SCell scheduling PCell. On one hand, scheduling PCell from SCell enables reducing the load on PCell but on the other hand it may add more load on the control channels of SCell. To reduce the PDCCH load on SCell, it may be beneficial to support a single DCI scheduling PDSCH in multiple cells. For example, the same DCI can schedule PDSCH on PCell as well as another PDSCH on SCell.

Observation 1:  Supporting a single PDCCH scheduling multiple cells enables efficient spectrum sharing and reduces the downlink control channel overhead on the shared spectrum.

NR Rel-16 supports a single DCI scheduling multiple PUSCH transmissions in consecutive slots. This feature was introduced for operation in unlicensed spectrum, where the gNB can avoid performing channel access procedure to send multiple DCIs scheduling multiple PUSCH transmissions. Instead, the gNB can use a single DCI to schedule multiple consecutive PUSCH. The gNB configures the UE using RRC configuration with time domain resource allocation table that contains a row indicating resource allocation for contiguous PUSCHs. The same concept can be applied to support a single DCI scheduling multiple PUSCH/PDSCH in multiple cells. First option could be to use the same principle as in NR-U i.e. a time domain allocation list contains a row indicating resource allocation for consecutive PUSCH/PDSCH. Instead of having consecutive transmissions within one cell as in NR-U, the multiple PUSCH/PDSCH can be consecutive in time but in different cells. Another option could be to have simultaneous transmissions of the different PUSCH/PDSCH instead of consecutive transmission. For frequency domain allocation, some enhancements can be studied to provide more flexibility to the scheduler. For example, the frequency resource allocation on two cells can be different. A specific frequency resource allocation in a first cell can be associated semi-statically with different another frequency resource allocation in a second cell.

Observation 2:  Multi-PUSCH scheduling introduced in Rel-16 is a good starting point to support a single PDCCH scheduling multiple cells.

In summary, we think that a single DCI scheduling multiple PDSCHs/PUSCH is feasible using the existing release-16 features with some possible enhancements. Given the overhead reduction benefit, we propose the following:
 
Proposal 1:    Support a single DCI to schedule multiple PDSCHs/PUSCHs in different cells.

Conclusion
This contribution discusses the support of single DCI scheduling PDSCH/PUSCH on multiple cells. The following observations and proposal are made:
Observation 1:  Supporting a single PDCCH scheduling multiple cells enables efficient spectrum sharing and reduces the downlink control channel overhead on the shared spectrum.

Observation 2:  Multi-PUSCH scheduling introduced in Rel-16 is a good starting point to support a single PDCCH scheduling multiple cells.

Proposal 1:    Support a single DCI to schedule multiple PDSCHs in different cells.
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