[bookmark: _Hlk772559][bookmark: _Hlk4135959]3GPP TSG RAN Meeting #99			RP-230606
Rotterdam, Netherlands, March 20-23, 2023

Agenda item:		9.3.1.2
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell, Ericsson, Qualcomm
Title:	On support of more than one cell with a SUL carrier
Document for:		Discussion and Decision
Introduction
RAN#98-e discussed the support for more than one cell with a SUL carrier in context of Multicarrier Enhancements WI’s objective for a single DCI scheduling PUSCH on multiple uplink carriers. Summary of this is recorded in [1], with the discussion deferred back to RAN1. In the same RAN meeting a new WID “NR CA band combinations with two SUL cells in Rel-18” was approved proposed in [2, 3] and finally approved in [4] as a spectrum item.
Discussions in RAN1#112 in February 2023 were inconclusive and the matter of defining the SUL field for the DCI format 0_X scheduling PUSCHs on multiple uplink carriers is still needing a resolution as this issue needs to resolved before RAN1 can draft the feature-introducing CRs on the work item. In this contribution we provide our views on how to resolve this issue, and background leading to the proposal.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Discussion
The moderator summary [1] put forward the following alternatives for the last day’s GTW session of RAN#98:
	Down select one of following alternatives to conclude this issue
· Alt.1: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is 1 bit (when it is present), which is for one serving cell within the set of co-scheduled cells (i.e., Type 1C).
· Alt.2: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is sum of {0, 1} bits for each cell in the set configured for the DCI format 0_X (i.e., Type 2)
· The number of bit (i.e., 0 or 1) for a cell in the set is determined according to the existing mechanism defined in TS 38.212 for UL/SUL indicator field.
· [Alt.3: UL/SUL indicator field is excluded from a DCI format 0_X. (only if RAN cannot converge on either Alt.1 or Alt.2)]



The argument for Alt.1 still remains the same; the very motivation of Supplemental Uplink introduction in addition to UL CA was that the UE would transmit on either the SUL carrier or on the regular carrier, but there would be only one data path operational at any given time. Furthermore, there is no support for band combinations allowing for a configuration with more than one cell with uplink when a SUL carrier is part of the UL band combination (in this case the one cell has two uplink carriers).
In RAN1, an argument based on the spectrum WI [4] was made that the WI will make multiple SUL carriers supported in a band combination. With that assumption the DCI format 0_X scheduling a PUSCH on multiple UL carriers should allow differentiation between a regular UL carrier and a SUL carrier for multiple UL serving cells each configured with a SUL carrier. However, as elaborated further in the sections below it should be clear that the spectrum WI in [4] does not imply support to transmission on more than one carrier in a band combination including SUL, and hence this argument is not valid in the context of the DCI field definition discussed here.


[bookmark: _Hlk129338295]Evolution of the New WID proposal: NR CA band combinations with two SUL cells in Rel-18 in RAN#98
The original proposal for the “New WID: NR CA band combinations with two SUL cells in Rel-18” as follows [2]:

The NR inter-band CA band combination configurations with dual SUL bands are defined in Table 1 below:
Table 1: NR Inter-band CA with dual SUL bands
	NR CA
configuration
	Uplink CA
configuration
	Power Class

	CA_SUL_n41A-n95A_SUL_n79A-n98A
	SUL_n41A-n95A
SUL_n79A-n98A
CA_n41A-n79A
CA_n95A-n98A
	PC3, PC2

	CA_SUL_n41A-n98A_SUL_n79A-n95A
	SUL_n41A-n98A    
SUL_n79A-n95A
CA_n41A-n79A
CA_n95A-n98A
	PC3, PC2

	CA_SUL_n41A-n83A_SUL_n79A-n98A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
CA_n83A-n98A
	PC3, PC2

	CA_SUL_n41A-n83A_SUL_n79A-n95A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
CA_n83A-n95A
	PC3, PC2

	CA_SUL_n78A-n81A_SUL_n78A-n84A
	SUL_n78A-n81A   
SUL_n78A-n84A
CA_n78C
CA_n84A-n81A
	PC3, PC2

	CA_SUL_n78A-n80A_SUL_n78A-n84A
	SUL_n78A-n80A   
SUL_n78A-n84A
CA_n78C
CA_n80A-n84A
	PC3, PC2

	CA_SUL_n78A-n89A_SUL_n78A-n81A
	SUL_n78A-n89A   
SUL_n78A-n81A
CA_n78C
CA_n81A-n89A
	PC3, PC2



The first revision of the proposal for the “New WID: NR CA band combinations with two SUL cells in Rel-18” made the following changes on the original proposal [2], where the uplink combinations with two SUL carriers were removed and further a note that no simultaneous transmission on two SUL bands [3]:

The NR inter-band CA band combination configurations with two SUL cells dual SUL bands are defined in Table 1 below:
NOTE 1: the fall back combinations/configurations should be finalized no later than the proposed NR CA configurations.
NOTE 2: No simultaneous transmission on the two SUL bands according to Table 1.
Table 1: NR Inter-band CA with two SUL cells dual SUL bands
	NR CA
configuration
	Uplink CA
Configuration or SUL configuration
	Power Class

	CA_SUL_n41A-n95A_SUL_n79A-n98A
	SUL_n41A-n95A
SUL_n79A-n98A
CA_n41A-n79A
CA_n95A-n98A
	PC3, PC2

	CA_SUL_n41A-n98A_SUL_n79A-n95A
	SUL_n41A-n98A    
SUL_n79A-n95A
CA_n41A-n79A
CA_n95A-n98A
	PC3, PC2

	CA_SUL_n41A-n83A_SUL_n79A-n98A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
CA_n83A-n98A
	PC3, PC2
PC3 applicable for n83 of SUL_n41A-n83A;
PC3 and PC2 for other uplink configurations  

	CA_SUL_n41A-n83A_SUL_n79A-n95A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
CA_n83A-n95A
	PC3, PC2
PC3 applicable for n83 of SUL_n41A-n83A;
PC3 and PC2 for other uplink configurations

	CA_SUL_n78A-n81A_SUL_n78A-n84A
	SUL_n78A-n81A   
SUL_n78A-n84A
CA_n78C
CA_n84A-n81A
	PC3, PC2
PC3 applicable for n81 of SUL_n78A-n81A and n84 of SUL_n78A-n84A;
PC3 and PC2 for other uplink configurations  

	CA_SUL_n78A-n80A_SUL_n78A-n84A
	SUL_n78A-n80A   
SUL_n78A-n84A
CA_n78C
CA_n80A-n84A
	PC3, PC2
PC3 applicable for n80 of SUL_n78A-n80A and n84 of SUL_n78A-n84A;
PC3 and PC2 for other uplink configurations 

	CA_SUL_n78A-n89A_SUL_n78A-n81A
	SUL_n78A-n89A   
SUL_n78A-n81A
CA_n78C
CA_n81A-n89A
	PC3, PC2 



The second revision of the proposal [4] made the following additional change to Note 2 highlighted in yellow, making it clear that the question is not only about simultaneous transmissions, but simultaneous configurations, as the table 1 does not contain any alternative with two SUL bands in one UL configuration.

The NR inter-band CA band combination configurations with two SUL cells dual SUL bands are defined in Table 1 below:
NOTE 1: the fall back combinations/configurations should be finalized no later than the proposed NR CA configurations.
NOTE 2: No simultaneous configuration transmission on the two SUL bands according to Table 1.
Table 1: NR Inter-band CA with two SUL cells dual SUL bands
	NR CA
configuration
	Uplink CA
Configuration or SUL configuration
	Power Class

	CA_SUL_n41A-n95A_SUL_n79A-n98A
	SUL_n41A-n95A
SUL_n79A-n98A
CA_n41A-n79A
CA_n95A-n98A
	PC3, PC2

	CA_SUL_n41A-n98A_SUL_n79A-n95A
	SUL_n41A-n98A    
SUL_n79A-n95A
CA_n41A-n79A
CA_n95A-n98A
	PC3, PC2

	CA_SUL_n41A-n83A_SUL_n79A-n98A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
CA_n83A-n98A
	PC3, PC2
PC3 applicable for n83 of SUL_n41A-n83A;
PC3 and PC2 for other uplink configurations  

	CA_SUL_n41A-n83A_SUL_n79A-n95A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
CA_n83A-n95A
	PC3, PC2
PC3 applicable for n83 of SUL_n41A-n83A;
PC3 and PC2 for other uplink configurations

	CA_SUL_n78A-n81A_SUL_n78A-n84A
	SUL_n78A-n81A   
SUL_n78A-n84A
CA_n78C
CA_n84A-n81A
	PC3, PC2
PC3 applicable for n81 of SUL_n78A-n81A and n84 of SUL_n78A-n84A;
PC3 and PC2 for other uplink configurations  

	CA_SUL_n78A-n80A_SUL_n78A-n84A
	SUL_n78A-n80A   
SUL_n78A-n84A
CA_n78C
CA_n80A-n84A
	PC3, PC2
PC3 applicable for n80 of SUL_n78A-n80A and n84 of SUL_n78A-n84A;
PC3 and PC2 for other uplink configurations 

	CA_SUL_n78A-n89A_SUL_n78A-n81A
	SUL_n78A-n89A   
SUL_n78A-n81A
CA_n78C
CA_n81A-n89A
	PC3, PC2 



In each row of Table 1 that defines ‘NR CA configuration’, the UE’s uplink can be configured with one, and only one of the entries in the second column ‘Uplink CA configuration or SUL configuration’. Here entries are written as individual sub-rows in the corresponding cell of the second column. For example, looking at the first band combination, the UL configuration can be any one of SUL_n41A-n95A, or SUL_n79A-n98A, or CA_n41A-n79A. Combining any two or more entries is not a valid configuration. For example, if one was to combine the first two entries, that would be “CA_SUL_n41A-n95A_SUL_n79A-n98A”, but that is clearly not listed in the second column and hence it is not a valid configuration in the currently approved WID. By checking the list of valid UL configurations, there is no case where a UE has multiple SUL carriers in any valid uplink configuration.
Hence, it is clear that while the original proposal for the NR CA band combinations with two SUL cells in Rel-18 WID did consist of two SUL bands in one UL configuration, those were there with no anchor band to host the “normal” uplink of the cell(s). Moreover, being a spectrum item, by definition it could not introduce new functionality not supported by existing RAN1 specifications, which is clearly the case for configurations of more than one SUL band in one UL configuration. Hence the combinations had to be removed as no such hanging SUL carrier was functionally possible., resulting in the approved WID. 
Observation: The WID approved in RP-223553 only supports configuration of UL combinations that include one cell with a “normal” UL carrier and one SUL carrier, or two UL cells with no SUL carrier on either one. The UL combinations in the table as well as the change of “transmission” to “configuration” in Note 2 of the approved WID reflect this [4].

SUL field on multi-cell DCI format 0_X
The very motivation of Supplemental Uplink introduction in addition to UL CA was that the UE would transmit on either the SUL carrier or on the regular carrier, but not on multiple carriers at the same time, i.e. there’d be at most one data path operational at any given time. Furthermore, there is no support for band combinations allowing for a configuration with more than one cell with uplink when a SUL carrier is part of the UL band combination (in this case the one cell has two uplink carriers). From this perspective defining the SUL field of the multi-cell scheduling DCI format 0_X that supports multiple cells with a SUL carrier is of no use, when no such configuration is a) possible and b) not motivated by the SUL feature to begin with.
Hence the RAN#98 proposal’s Alt.1 or Alt.3 would be the technically sound alternatives for this WI. The former enabling the new DCI format 0_X to address the SUL carrier on a cell, if a cell was configured with one, the latter leaving the SUL carrier scheduling to the existing DCI formats 0_0/0_1/0_2.
Proposal 1: Adopt either Alternative #1 or Alternative #3 of the RAN#98 moderator’s proposal [1]
· Alt.1: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is 1 bit (when it is present), which is for one serving cell within the set of co-scheduled cells (i.e., Type 1C).
· Alt.3: UL/SUL indicator field is excluded from a DCI format 0_X

Conclusions
In this contribution the support of more than one cell with a SUL carrier was discussed in relation to the multicarrier enhancements WI’s open question on the UL/SUL indicator field for DCI format 0_X. The following observation and proposal are made with regard to this question:
Observation: The WID approved in RP-223553 only supports configuration of UL combinations that include one cell with a “normal” UL carrier and one SUL carrier, or two UL cells with no SUL carrier on either one. The UL combinations in the table as well as the change of “transmission” to “configuration” in Note 2 of the approved WID reflect this [4].
Proposal 1: Adopt either Alternative #1 or Alternative #3 of the RAN#98 moderator’s proposal [1]
· Alt.1: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is 1 bit (when it is present), which is for one serving cell within the set of co-scheduled cells (i.e., Type 1C).
· Alt.3: UL/SUL indicator field is excluded from a DCI format 0_X  
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