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Introduction
The objectives of Rel-18 multi-carrier enhancements WI are as follows [1].
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed


In this contribution, we provide our considerations on multi-carrier enhancements in Rel-19.
Discussion
Multi-carrier scheduling enhancement
In order to increase flexibility and spectral efficiency on scheduling data over multiple cells, multi-cell PUSCH/PDSCH scheduling with a single DCI was introduced in Rel-18. Due to limited TU of WI, the case of different SCSs among co-scheduled cells was excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18. That means only the case of co-scheduled cells with same SCS was specified for multi-cell PDSCH/PUSCH scheduling in Rel-18. However, in 5G network deployment, it is possible that different cells in CA framework have different SCSs. To be compatible with current CA framework, it is necessary to extend applicable case of multi-cell scheduling to the case of co-scheduled cells with different SCSs in Rel-19, as shown in Figure 1. This will achieve better flexibility of multi-cell scheduling and further reduce the overhead of control signaling in CA framework. 

[bookmark: _Ref136266363]
Figure 1: Multi-cell PUSCH/PDSCH scheduling enhancement in Rel-19

Proposal 1: Support multi-cell PUSCH/PDSCH scheduling with different SCSs for co-scheduled cells in Rel-19.
Single Cell over Multiple Bands
The NR system is designed to support single carrier with wide bandwidth to meet the traffic requirement of eMBB. However, due to the limited bandwidth of operators’ spectrums and spectrum re-farming, more and more scattered spectrum resources with narrow bandwidth will be allocated to NR system in the future. To use these fragmented spectrum with narrow bandwidth more efficiently, single cell over multiple bands (SCMB) can be studied in Rel-19, where non-contiguous bands can be aggregated together and regarded as one serving cell for transmissions and receptions as shown in Figure 2,. 


[bookmark: _Ref136359619]Figure 2: Single cell over multiple bands (SCMB)

For the legacy random access procedure, the UE can only perform random access on the PCell. SCMB can enable the UE performing random access on different carriers to ensure balance of random access across multiple bands. Since different bands can share system information and paging information, the common message overhead across multiple bands can be further reduced. Another motivation is to support cross-carrier HARQ retransmission to reduce retransmission latency. For example, if the channel condition of band with initial TB becomes poor, the network can retransmit the TB on another band with better channel condition.  In addition, as multiple bands are aggregated as one serving cells, the HARQ-ACK codebook size may be potentially reduced and fast carrier activation can be supported. Therefore, we propose to study SCMB in Rel-19. 
Proposal 2: Support Single Cell over Multiple Bands (SCMB) where non-continuous contiguous bands are aggregated together and regarded as one serving cell in Rel-19.
Dynamic DL Rx band(s) switching
In NR specifications, UL Tx switching between 2 UL bands are supported in Rel-16/Rel-17 and enhancements to support UL Tx switching among 3 or 4 UL bands are supported in Rel-18. Thus, 2 Tx UE can be configured with at most 4 UL bands by dynamic UL Tx band switching, while network can indicate UL switching via L1 signaling based on data traffic, TDD DL/UL configuration, bandwidths and channel condition of each band to achieve higher UL date rate and UL capacity. 
Actually, DL receptions will face a large number of scattered spectrum resource(s) as well. With the increase of fragment spectrum resource(s), the UE requires more and more Rx receiver(s) to accommodate these fragmented DL band(s), as shown in Figure 3 (left figure). However, due to the limitation of UE capability, UE can only be configured with a subset of the DL frequency bands. In order to explore the frequency diversity gain from different available DL bands, it is worthwhile to study dynamic DL Rx band(s) switching among different DL bands. For example, as shown in Figure 3 (right figure), DL band 1 and DL band 2 are configured within a DL band set, and the UE can perform DL Rx band switching between DL band 1 and DL band 2. Similar to UL Tx switching, the network can indicate UE to perform DL Rx band switching among a set of DL bands based on data traffic, TDD DL/UL configuration, bandwidths and channel condition of each band to achieve higher DL throughput and spectrum efficiency. 


[bookmark: _Ref136357850]Figure 3: DL CA with DL Rx band(s) switching 

Proposal 3: Support dynamic DL Rx band(s) switching among different DL bands in Rel-19.
Cross-carrier HARQ retransmission
For both UL Tx switching or DL Rx switching (if supported), UL/DL Tx/Rx switching may have impact on the TB retransmission of ‘switch-from’ band. Specifically, the TB on ‘switch-from’ band which is not decoded correctly by the receiver and cannot be retransmitted on the ‘switch-to’ band because in the current specification, the network only can schedule the TB retransmission on the same carrier with initial TB transmission. Thus, the network can schedule the TB retransmission of ‘switch-from’ band until the UE switches back to the ‘switch-from’ band, which will lead to large latency of TB retransmission as shown in Figure 4 (left figure). Another method is to drop the TB directly, meaning that the network no longer schedules the TB retransmission of ‘switch-from’ band. Nevertheless, this method will have negative effect on network throughout.


[bookmark: _Ref136291773]Figure 4: Cross-carrier HARQ retransmission 

In order to ensure high UL/DL throughout and reduce latency of TB retransmission of ‘switch-from’ band, we suggest studying cross-carrier HARQ retransmission in Rel-19 to solve the TB retransmission of ‘switch from’ band issue in the case of UL/DL Tx/Rx switching.
Proposal 4: Support cross-carrier HARQ retransmission in case of UL/DL Tx/Rx switching.

Conclusion
In this contribution, we provide our considerations on multi-carrier in Rel-19.
Proposal 1: Support multi-cell PUSCH/PDSCH scheduling with different SCS for co-scheduled cells in Rel-19.
Proposal 2: Support Single Cell over Multiple Bands (SCMB) where non-continuous contiguous bands are aggregated together and regarded as one serving cell in Rel-19.
Proposal 3: Support dynamic DL Rx band(s) switching among different DL bands.
Proposal 4: Support cross-carrier HARQ retransmission in case of UL/DL Tx/Rx switching.
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