Page 8
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN Rel-19 workshop							            RWS-230417
Taipei, June 15 - 16, 2023

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source: 	CMCC
[bookmark: Title]Title:	Rel-19 multi-carrier enhancements
Agenda item:	5
[bookmark: DocumentFor]Document for:	Discussion
1. [bookmark: _Toc120549591]Introduction
Carrier enhancement is a fundamental feature for cellular network to improve capacity which has been supported in the first NR release. From Rel-16 to Rel-18, some enhancement features are specified, including cross-carrier scheduling with different numerology, dormant SCell, sSCell cross carrier scheduling PCell, fast SCell activation/deactivation and single DCI scheduling multiple cells, UL Tx switching.
In this contribution, we will discuss the enhancement of NR multi-carrier in Rel-19.
2. Motivation
Enhancement of multi-cell scheduling with a single DCI
According to Rel-18 Multi-carrier Enhancement WI [1], multi-cell PDSCH/PUSCH scheduling with a single DCI is enabled to increase flexibility and spectral/power efficiency on scheduling data over multiple cells. While due to limited TU in Release 18, the following features of multi-cell PDSCH/PUSCH scheduling are excluded from Rel-18 scope:
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Simultaneous multi-PDSCH scheduling and multi-cell PDSCH scheduling on the same or different cells within a same PUCCH group
· Optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling
In addition, there are also some restrictions on Rel-18 multi-cell PDSCH/PUSCH scheduling with a single DCI:
· The UL/SUL indicator is not considered in DCI format 0_3
· DCI format 0_3/1_3 and single cell scheduling DCI format(s) can only be monitored from a same scheduling cell, scheduling DCI format(s) from different scheduling cells for the same scheduled cell is deprioritized
· Up to 4 cells can be scheduled by a single multi-cell scheduling DCI considering the trade-off between DCI payload limitation and scheduling flexibility
With more available scattered spectrum bands or wider bandwidth spectrum in FR1 and FR2 bands deployment, to fully improve spectrum utilization and scheduling flexibility, it is worth to further enhancement multi-cell PUSCH/PDSCH single DCI scheduling to support the above features and extend the maximum co-scheduled cell number and monitoring flexibility.
Enhancement of SUL cell
In current NR design, only one SUL can be configured in one serving cell. With fast deployment of 5G in China, more spectrum currently utilized by GSM, UMTS and LTE will be evolved into NR deployment recently. As an example, 1.9GHz and 2GHz TDD bands are previously used by 4G and 3G, which are specified as NR TDD bands n39 and n34 in Rel-15 and also specified as SUL bands n98 and n95 in Rel-16 and Rel-17 respectively. The spectrum for these two bands are not very large, thus single SUL band may not fully comply with the fast increased UL usage demanded by the operator. 
In Rel-18, NR CA configurations with two SUL band combinations are specified, i.e. two SUL bands in two cells together with other TDD NR band(s), as the illustration as the following. However, due to the restriction that one serving cell can only configure one SUL carrier, the utilization of two SUL bands must be based on UE capability to support two carriers DL CA.
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To decouple the higher DL CA complexity from the utilization of SUL bands, one solution is to allow one serving cell configured with multiple SUL carriers as the following:
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3. Potential objectives
Enhancement of multi-cell scheduling with a single DCI
As the discussion in section 2, some features including different SCS, different carrier type and simultaneous multi-PDSCH scheduling and multi-cell PDSCH scheduling are excluded in Rel-18, which can be further considered in Rel-19 to fully improve spectrum utilization.
Furthermore, the scheduling framework can be extended to support multi-cell scheduling DCI and legacy DCI format(s) simultaneously monitored on different scheduling cells for the same scheduled cell, which is beneficial to mitigate PDCCH overload on one scheduling cell, especially for the case of burst service data transmission. While there may be two scheduling cells for a single scheduled cell at the same time, the BD/CCE limit handling between two scheduling cells needs to be considered.
In addition, with the deployment of more NR bands, the maximum of 4 co-scheduled cells can be further extended to support more cells. To support more potential spectrum deployment scenarios and flexible scheduling across even more than 4 cells, optimization schemes to handle larger DCI payload size and DCI size alignment needs to be further studied. One solution is that a single DCI format scheduling multi-cell PDSCH/PUSCH can be mapped on multiple PDCCH candidates and each PDCCH candidate carries parts of DCI information payload. For each PDCCH candidate, its DCI size is aligned with current DCI format, e.g., fallback DCI to maintain the current 3+1 DCI size budget.
Proposal 1. Enhancement of multi-cell PDSCH/PUSCH scheduling with single DCI can be considered in Rel-19 multi-carrier enhancement, including the following objectives:
· Support different SCS, different carrier types, e.g., SUL among the co-scheduled cells;
· Support multi-cell scheduling DCI format and single cell scheduling DCI format(s) from different scheduling cells for the same scheduled cell;
· Support more than 4 co-scheduled cells;
· Support single DCI mapping on multiple PDCCH candidates.

Enhancement of SUL cell
As the discussion above, we think one serving configured with multiple SUL carriers can be considered in Rel-19 multi carrier enhancements. Whether UE can transmit on only one SUL carrier or multiple SUL carriers simultaneously can be further discussed.
Proposal 2. Enhancement of SUL cell can be considered in Rel-19 multi-carrier enhancement, including the following objectives:
· Support configuring multiple SUL carriers in one serving cell;
· Support switched or concurrent transmission on multiple SUL carriers within one serving cell.  
4. Conclusions
In this contribution, the motivation and objectives for Rel-19 multi-carrier enhancement are discussed, and the following proposals are made.
Proposal 1. Enhancement of multi-cell PDSCH/PUSCH scheduling with single DCI can be considered in Rel-19 multi-carrier enhancement, including the following objectives:
· Support different SCS, different carrier types, e.g., SUL among the co-scheduled cells;
· Support multi-cell scheduling DCI format and single cell scheduling DCI format(s) from different scheduling cells for the same scheduled cell;
· Support more than 4 co-scheduled cells;
· Support single DCI mapping on multiple PDCCH candidates.
Proposal 2. Enhancement of SUL cell can be considered in Rel-19 multi-carrier enhancement, including the following objectives:
· Support configuring multiple SUL carriers in one serving cell;
· Support switched or concurrent transmission on multiple SUL carriers within one serving cell.  
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