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1. [bookmark: _Toc120549591]Introduction
During last RAN1#112 meeting, RAN1 have made huge progress on multi-cell PUSCH/PDSCH scheduling DCI design to complete the WI except the UL/SUL indicator which has been discussed for several RAN1 meetings. 
The following proposal was discussed during the RAN1 Friday’s online session, but companies have different views on the interpretation of RAN#98 agreement on NR CA band combinations with two SUL cells in [1], which causes no agreement on the UL/SUL indicator.
Proposal 3-14rev1:
UL/SUL indicator in DCI format 0_X belongs to Type-2.
· Note: It is RAN1 understanding that above does not revert the RAN#96 agreement on scenarios for UL TX switching (captured in RP-221880).
· Note: It is RAN1 understanding that above does not revert the RAN#98 agreement on NR CA band combinations with two SUL cells (captured in RP-223553).
In this contribution, we will first clarify the RAN#98 agreement on NR CA band combinations with two SUL cells and further discuss the UL/SUL indicator.
2. Discussion
With fast deployment of 5G in China, more spectrum currently utilized by 3G and 4G will be evolved into NR deployment recently. However single SUL band may not fully meet the fast increased UL usage demanded by the operator. Therefore, NR CA configurations with two SUL band combinations, i.e., two SUL bands in two cells together with other TDD NR band(s), are emerging as a prospective solution for operators to improve the spectrum utilization and UL performance. Therefore, a new spectrum WI for NR CA combinations with two SUL cells that follow CA framework has been approved in RAN#98 [1].
The first version of WID submitted to RAN plenary for approvement is [2]. However, during the WID discussion in RAN#98 meeting, companies argued that operation with 2 SULs that are active simultaneously is not in scope, that’s why the two SULs CA configurations (yellow parts in original WID) are removed and a new Note 2 (green part) is added to the final approved WID. That is to say at a given time, for example the CA_SUL_n41A-n95A_SUL_n79A-n98A case, UE can transmit UL on SUL band n95 or SUL band n98 or simultaneously on TDD band n41 and n79, but not simultaneously on two SUL bands.
RP-223075 (original version):
	The objectives of the core part are as follows:
· Specify the PC3, PC2 band-combination specific RF requirements for the listed CA configurations with two SUL cells including at least
· Applicable frequencies if necessary
· Applicable bandwidths and bandwidth sets if necessary
· Analyse combinations that have self-desensitization due to following reasons:
· TX Harmonic and/or intermodulation overlap of receive band
· TX signal overlap of receiver harmonic frequency
· TX frequency being in close proximity of one of the receive bands
· Any other identified reasons such that insufficient cross band isolation, harmonic mixing 
· For the combination where self-desensitization exists, specify at least needed
· ∆TIB, c and ∆RIB, c	
· Reference sensitivity exceptions including MSD test cases
· Exceptions to the out-of-band blocking requirement
The NR inter-band CA band combination configurations with dual SUL cells are defined in Table 1 below:
Table 1: NR Inter-band CA with dual SUL bands
	NR CA
configuration
	Uplink CA
configuration
	Power Class
	contact
name, company
	Contact email
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)

	CA_SUL_n41A-n95A_SUL_n79A-n98A
	SUL_n41A-n95A
SUL_n79A-n98A
CA_n41A-n79A
CA_n95A-n98A
	PC3, PC2
	Xiaoran ZHANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon
	New

	CA_SUL_n41A-n98A_SUL_n79A-n95A
	SUL_n41A-n98A    
SUL_n79A-n95A
CA_n41A-n79A
CA_n95A-n98A
	PC3, PC2
	Xiaoran ZHANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon
	New

	CA_SUL_n41A-n83A_SUL_n79A-n98A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
CA_n83A-n98A
	PC3, PC2
	Xiaoran ZHANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon
	New

	CA_SUL_n41A-n83A_SUL_n79A-n95A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A
CA_n83A-n95A
	PC3, PC2
	Xiaoran ZHANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon
	New

	CA_SUL_n78A-n81A_SUL_n78A-n84A
	SUL_n78A-n81A   
SUL_n78A-n84A
CA_n78C
CA_n84A-n81A
	PC3, PC2
	Lei GAO, China Telecom
	gaol8@chinatelecom.cn
	China Unicom, Huawei, HiSilicon
	New

	CA_SUL_n78A-n80A_SUL_n78A-n84A
	SUL_n78A-n80A   
SUL_n78A-n84A
CA_n78C
CA_n80A-n84A
	PC3, PC2
	Lei GAO, China Telecom
	gaol8@chinatelecom.cn
	China Unicom, Huawei, HiSilicon
	New

	CA_SUL_n78A-n89A_SUL_n78A-n81A
	SUL_n78A-n89A   
SUL_n78A-n81A
CA_n78C
CA_n81A-n89A
	PC3, PC2
	Basaier Jialade, China Unicom
	basejld@chinaunicom.cn
	China Telecom, Huawei, HiSilicon
	New






RP-223553 (approved version):
	The objectives of the core part are as follows:
· Specify the PC3, PC2 band-combination specific RF requirements for the listed CA configurations with two SUL cells including at least
· Applicable frequencies if necessary
· Applicable bandwidths and bandwidth sets if necessary
· Analyse combinations that have self-desensitization due to following reasons:
· TX Harmonic and/or intermodulation overlap of receive band
· TX signal overlap of receiver harmonic frequency
· TX frequency being in close proximity of one of the receive bands
· Any other identified reasons such that insufficient cross band isolation, harmonic mixing 
· For the combination where self-desensitization exists, specify at least needed
· ∆TIB, c and ∆RIB, c	
· Reference sensitivity exceptions including MSD test cases
· Exceptions to the out-of-band blocking requirement
The NR inter-band CA band combination configurations with two SUL cells are defined in Table 1 below:
NOTE 1: the fall back combinations/configurations should be finalized no later than the proposed NR CA configurations.
[bookmark: _Hlk129181915]NOTE 2: No simultaneous uplink configuration on the two SUL bands according to Table 1.
Table 1: NR Inter-band CA with two SUL cells
	NR CA
configuration
	Uplink CA
configuration or SUL configuration
	Power Class
	contact
name, company
	Contact email
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)

	[bookmark: _Hlk129280670]CA_SUL_n41A-n95A_SUL_n79A-n98A
	SUL_n41A-n95A
SUL_n79A-n98A
[bookmark: _Hlk129183751]CA_n41A-n79A

	PC3, PC2
	Xiaoran ZHANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon
	New

	CA_SUL_n41A-n98A_SUL_n79A-n95A
	SUL_n41A-n98A    
SUL_n79A-n95A
CA_n41A-n79A

	PC3, PC2
	Xiaoran ZHANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon
	New

	CA_SUL_n41A-n83A_SUL_n79A-n98A
	SUL_n41A-n83A    
SUL_n79A-n98A
CA_n41A-n79A

	PC3 applicable for n83 of SUL_n41A-n83A;
PC3 and PC2 for other uplink configurations  
	Xiaoran ZHANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon
	New

	CA_SUL_n41A-n83A_SUL_n79A-n95A
	SUL_n41A-n83A    
SUL_n79A-n95A
CA_n41A-n79A

	PC3 applicable for n83 of SUL_n41A-n83A;
PC3 and PC2 for other uplink configurations
	Xiaoran ZHANG, CMCC
	zhangxiaoran@chinamobile.com
	CBN, Huawei, HiSilicon
	New

	CA_SUL_n78A-n81A_SUL_n78A-n84A
	SUL_n78A-n81A   
SUL_n78A-n84A
CA_n78C

	PC3 applicable for n81 of SUL_n78A-n81A and n84 of SUL_n78A-n84A;
PC3 and PC2 for other uplink configurations  

	Lei GAO, China Telecom
	gaol8@chinatelecom.cn
	China Unicom, Huawei, HiSilicon
	New

	CA_SUL_n78A-n80A_SUL_n78A-n84A
	SUL_n78A-n80A   
SUL_n78A-n84A
CA_n78C

	PC3 applicable for n80 of SUL_n78A-n80A and n84 of SUL_n78A-n84A;
PC3 and PC2 for other uplink configurations 
	Lei GAO, China Telecom
	gaol8@chinatelecom.cn
	China Unicom, Huawei, HiSilicon
	New






During the discussion in RAN1#112 meeting, some companies thought that the Note 2 in [1] means that two SUL bands cannot be configured to one UE simultaneously by RRC signaling, which is inconsistent to the NR CA combinations with two SUL cells WID and RAN4 specs. In fact, the term of “uplink configuration” is widely used in RAN4 specs, for example section 5.5A and 5.5C in TS 38.101-1 [3] as the following. The “Uplink CA configuration” or “SUL configuration” is used to describe the bandwidth combination sets and doesn’t have the meaning of “RRC signaling configuration”.
	[bookmark: _Toc21344222][bookmark: _Toc29801706][bookmark: _Toc29802130][bookmark: _Toc29802755][bookmark: _Toc36107497][bookmark: _Toc37251256][bookmark: _Toc45888055][bookmark: _Toc45888654][bookmark: _Toc61367295][bookmark: _Toc61372678][bookmark: _Toc68230618][bookmark: _Toc69084031][bookmark: _Toc75467038][bookmark: _Toc76509060][bookmark: _Toc76718050][bookmark: _Toc83580360][bookmark: _Toc84404869][bookmark: _Toc84413478]5.5A	Configurations for CA
The configuration tables for CA describe Bandwidth Combination Sets.

Table 5.5A.3.1-1a: NR CA configurations and bandwidth combinations sets defined for inter-band CA (two bands)
	NR CA configuration
	Uplink CA configuration or single uplink carrier10
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n1A-n3A
	CA_n1A-n3A
	n1
	5, 10, 15, 20
	0

	
	
	n3
	5, 10, 15, 20, 25, 30
	

	
	
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	1

	
	
	n3
	5, 10, 15, 20, 25, 30, 40
	






	[bookmark: _Toc83580370][bookmark: _Toc84404879][bookmark: _Toc84413488]5.5C	Configurations for SUL
The configuration tables for SUL describe Bandwidth Combination Sets.
Table 5.5C-2: Supported channel bandwidths per SUL band combination with intra-band non-contiguous CA
	SUL band combination with intra-band non-contiguous CA
	SUL configuration
	NR Band
	Channel bandwidth (MHz) (NOTE 1)
	Bandwidth combination set

	SUL_n41(2A)-n99A
	SUL_n41A-n99A
	n41
	See CA_n41(2A) Bandwidth Combination Set 0 in Table 5.5A.2-1
	0

	
	
	n99
	5, 10
	






That is the “No simultaneous uplink configuration on the two SUL bands” only means one UE cannot simultaneously transmit UL on two aggregated SUL bands from RAN4’s perspective. However, the two SUL carriers can be configured simultaneously to one UE’s two serving cells by RRC signaling, respectively.
Therefore, we want to clarify that “NOTE 2: No simultaneous uplink configuration on the two SUL bands according to Table 1.” in [1] only means no simultaneous uplink “transmission” on the two SUL bands but not two SUL bands RRC configuration.
Proposal 1. It is clarified that “No simultaneous uplink configuration on the two SUL bands according to Table 1.” in RP-223553 means “No simultaneous uplink transmission on the two SUL bands according to Table 1.”

After the clarification of “no simultaneous uplink configuration”, we further discuss the type of UL/SUL indicator. Considering operators have the spectrum demands of two SUL cells CA band combinations, the UL/SUL indicator in DCI format 0_X can be specified as Type 2 field with separate indication for each co-scheduled cell for more scheduling flexibility. In addition, in current RAN4 CA band combinations, the maximum number of SUL cells can be aggregated is two, thus the two UL/SUL indicator bits have negligible DCI payload impact on DCI format 0_X.
Meanwhile, the Type 2 UL/SUL indicator will not introduce the additional SUL operation beyond current RAN plenary agreements. Even the two bits of UL/SUL indicator both indicate value “1” for two serving cells, the UL transmission can be TDM on two SUL bands by indicating different K2 values in DCI format 0_X which will not cause simultaneous UL transmission on two SUL bands. 
Therefore, we think it is necessary to introduce UL/SUL indicator in DCI format 0_X and the DCI field type can be type-2. Besides, this type-2 UL/SUL indicator will not revert the previous RAN plenary agreements about NR CA band combinations with two SUL cells in [1] and UL TX switching scenarios in [4]. 
[bookmark: _Hlk129185991]Proposal 2. UL/SUL indicator in DCI format 0_X belongs to Type-2.
· Note: This does not revert the RAN#96 agreement on scenarios for UL TX switching (captured in RP-221880).
· Note: This does not revert the RAN#98 agreement on NR CA band combinations with two SUL cells (captured in RP-223553).
3. Conclusions
In this contribution, UL/SUL indicator on multi-cell PUSCH/PDSCH scheduling with a single DCI are discussed, and the following proposals are made.
Proposal 1. It is clarified that “No simultaneous uplink configuration on the two SUL bands according to Table 1.” in RP-223553 means “No simultaneous uplink transmission on the two SUL bands according to Table 1.”
Proposal 2. UL/SUL indicator in DCI format 0_X belongs to Type-2.
· Note: This does not revert the RAN#96 agreement on scenarios for UL TX switching (captured in RP-221880).
· Note: This does not revert the RAN#98 agreement on NR CA band combinations with two SUL cells (captured in RP-223553).
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