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In RAN1#110bis-e meeting, draft TP for switched UL CA and SUL for non-simultaneous transmission on two UL bands was discussed without any conclusion [1][2]. In this contribution, we present our views and analysis for this issue.

Discussions
UL Tx switching for CA
Since Rel-16, two operation modes have been introduced for UL Tx switching for CA, i.e., switchedUL and dualUL. For the UE configured with uplinkTxSwitchingOption set to 'switchedUL', UE is not allowed to have “1P+1P” transmission on the two UL bands. While for the UE configured with uplinkTxSwitchingOption set to 'dualUL', UE is allowed to have “1P+1P” transmission on the two UL bands. This is the common understanding between companies and can also be reflected in the previous agreements, e.g., the following Rel-16 agreements.
	Agreements:
For inter-band UL CA, if UE reports via capability signaling to support uplink Tx switching, UE further reports via capability signaling which option (between Option 1 and Option 2) is supported.
        Option 1: If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P

	Case 2
	0T+2T
	0P+2P, 0P+1P 


 
        Option 2: If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.
· UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2.
· UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P






UL Tx switching for SUL
For legacy SUL without UL Tx switching, UE may be scheduled to transmit either on the supplementary uplink or on the uplink of the carrier being supplemented, but not on both at the same time. 
	TS 38.300 5.4.2	 Supplementary Uplink
In conjunction with a UL/DL carrier pair (FDD band) or a bidirectional carrier (TDD band), a UE may be configured with additional, Supplementary Uplink (SUL). SUL differs from the aggregated uplink in that the UE may be scheduled to transmit either on the supplementary uplink or on the uplink of the carrier being supplemented, but not on both at the same time.



However, there is one exceptional case for simultaneousTxSUL-NonSUL. UE indicating this UE capability supports simultaneous transmission of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS on the other UL carrier in the same cell.
	simultaneousTxSUL-NonSUL
Indicates whether the UE supports simultaneous transmission of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS on the other UL carrier in the same cell. The UE supports simultaneous transmission on an SUL band X and a Non-SUL band Y if it sets this capability parameter for both band X and band Y.
	FS
	No
	N/A
	N/A



In Rel-16, UE is allowed to perform UL Tx switching between two UL carriers from two UL bands. The same table as provided in section 2.1 for CA Option1 is reused for SUL, which means UE is not allowed to have “1P+1P” transmission on the two UL bands. Taking the following table as an example, the UE is not allowed to have “1P+1P” transmission on the SUL#1 and NUL#2.
In Rel-17, UE is allowed to perform UL Tx switching between two UL bands with three UL carriers. Taking the following table as an example, the UE is not allowed to have “1P+1P” transmission on the SUL#1 and NUL#2. Meanwhile, UE is not allowed to have “1P+1P” transmission on the SUL#1 and UL#3.
	Rel-16 UL Tx switching for SUL
	Rel-17 UL Tx switching for SUL

	

	




The above can also be confirmed by the following agreements for SUL.
	Agreements:
For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P, 1P+0P



Agreement:
For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P)

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P) 



Agreement:
For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P)

	Case 3
	2T+0T
	2P+(0P+0P), 1P+(0P+0P)






RAN1 has never discussed or defined any UE behaviour for simultaneous transmission on SUL band and non-SUL band for UE configured with UL Tx switching for SUL. If companies prefer to introduce simultaneous transmission on SUL band and non-SUL band for UE configured with UL Tx switching for SUL, then new UE behaviour has to be discussed and introduced. Otherwise, clarification in the specification needs to be introduced to fix this bug. 
Thus, we have the following observation.
Observation 1: The followings for UL Tx switching for SUL are missing in the Rel-16/17 specification.
1. For UE configured with Rel-16/Rel-17 UL Tx switching for SUL, UE is not allowed to perform “1P+1P” (i.e., simultaneous transmissions) on SUL (i.e., SUL#1 in the following table) and its corresponding NUL (i.e., NUL#2 in the following table) even if UE indicates support of simultaneousTxSUL-NonSUL.
2. For UE configured with Rel-17 UL Tx switching for SUL, UE is not allowed to perform “1P+1P” (i.e., simultaneous transmissions) on SUL (i.e., SUL#1 in the following table) and the non-corresponding NUL (i.e., UL#3 in the following table).
	Rel-16 UL Tx switching for SUL
	Rel-17 UL Tx switching for SUL

	

	




Draft TP
To accommodate the missing parts for both SUL and CA for both Rel-16 and Rel-17, the following TP is proposed. Note that the following TP avoids using the “uplink carrier” or “intra-band uplink carrier” to avoid repeating the same discussion as in last RAN1 meeting. The current TP is introduced in section 6.1.6 and basically follows the same wording as existing specification.
Proposal 1: RAN1 adopts the following TP for Rel-16 and Rel-17 UL Tx switching in TS38.214.
Reason for change: 
	The followings for UL Tx switching for SUL are missing in the Rel-16/17 specification.
1. For UE configured with Rel-16/Rel-17 UL Tx switching for SUL, UE is not allowed to perform “1P+1P” (i.e., simultaneous transmissions) on SUL (i.e., SUL#1 in the following table) and its corresponding NUL (i.e., NUL#2 in the following table) even if UE indicates support of simultaneousTxSUL-NonSUL.
2. For UE configured with Rel-17 UL Tx switching for SUL, UE is not allowed to perform “1P+1P” (i.e., simultaneous transmissions) on SUL (i.e., SUL#1 in the following table) and the non-corresponding NUL (i.e., UL#3 in the following table).
The details of UL Tx switching for switchedUL CA is missing in the Rel-16/17 specification



TP in section 6.1.6 of TS38.214:
	6.1.6	Uplink switching
The UE may omit uplink transmission during the uplink switching gap [image: C:\Users\10240317\AppData\Local\Temp\ksohtml13456\wps1.jpg] if the conditions defined in this clause are met and the UE is configured with uplinkTxSwitching. The switching gap [image: C:\Users\10240317\AppData\Local\Temp\ksohtml13456\wps2.jpg] is indicated by UE capability uplinkTxSwitchingPeriod: 
-	If a UE indicated a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination, and if it is for that band combination
-	Configured with a MCG using E-UTRA radio access and with a SCG using NR radio access (EN-DC), or
-	Configured with uplink carrier aggregation, or
-	Configured in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink.
	the conditions under which the switching gap may be present and the location of the switching gap are defined for each of the cases in clauses 6.1.6.1, 6.1.6.2, and 6.1.6.3 respectively.
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].
The UE does not expect to perform more than one uplink switching in a slot with µUL = max(µUL, 1, µUL, 2), where the µUL, 1 corresponds to the subcarrier spacing of the active UL BWP of one uplink carrier before the switching gap and the µUL, 2 corresponds to the subcarrier spacing of the active UL BWP of the other uplink carrier after the switching gap.
If a UE indicated a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination, and if it is for that band combination
-	Configured with uplink carrier aggregation and configured with uplinkTxSwitchingOption set to ‘switchedUL’, or
-	Configured in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink,
if the UE is configured with uplink switching with parameter uplinkTxSwitching, the UE is not expected to be scheduled or configured with simultaneous transmissions on the two uplink bands.





Conclusion
In this contribution, the observations and TPs for switched UL CA and SUL for non-simultaneous transmission on two UL bands are discussed. 
Observation 1: The followings for UL Tx switching for SUL are missing in the Rel-16/17 specification.
1. For UE configured with Rel-16/Rel-17 UL Tx switching for SUL, UE is not allowed to perform “1P+1P” (i.e., simultaneous transmissions) on SUL (i.e., SUL#1 in the following table) and its corresponding NUL (i.e., NUL#2 in the following table) even if UE indicates support of simultaneousTxSUL-NonSUL.
2. For UE configured with Rel-17 UL Tx switching for SUL, UE is not allowed to perform “1P+1P” (i.e., simultaneous transmissions) on SUL (i.e., SUL#1 in the following table) and the non-corresponding NUL (i.e., UL#3 in the following table).
	Rel-16 UL Tx switching for SUL
	Rel-17 UL Tx switching for SUL

	

	





Proposal 1: RAN1 adopts the following TP for Rel-16 and Rel-17 UL Tx switching in TS38.214.
· Reason for change: 
	The followings for UL Tx switching for SUL are missing in the Rel-16/17 specification.
1. For UE configured with Rel-16/Rel-17 UL Tx switching for SUL, UE is not allowed to perform “1P+1P” (i.e., simultaneous transmissions) on SUL (i.e., SUL#1 in the following table) and its corresponding NUL (i.e., NUL#2 in the following table) even if UE indicates support of simultaneousTxSUL-NonSUL.
2. For UE configured with Rel-17 UL Tx switching for SUL, UE is not allowed to perform “1P+1P” (i.e., simultaneous transmissions) on SUL (i.e., SUL#1 in the following table) and the non-corresponding NUL (i.e., UL#3 in the following table).
The details of UL Tx switching for switchedUL CA is missing in the Rel-16/17 specification



· TP in section 6.1.6 of TS38.214:
	6.1.6	Uplink switching
The UE may omit uplink transmission during the uplink switching gap [image: C:\Users\10240317\AppData\Local\Temp\ksohtml13456\wps1.jpg] if the conditions defined in this clause are met and the UE is configured with uplinkTxSwitching. The switching gap [image: C:\Users\10240317\AppData\Local\Temp\ksohtml13456\wps2.jpg] is indicated by UE capability uplinkTxSwitchingPeriod: 
-	If a UE indicated a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination, and if it is for that band combination
-	Configured with a MCG using E-UTRA radio access and with a SCG using NR radio access (EN-DC), or
-	Configured with uplink carrier aggregation, or
-	Configured in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink.
	the conditions under which the switching gap may be present and the location of the switching gap are defined for each of the cases in clauses 6.1.6.1, 6.1.6.2, and 6.1.6.3 respectively.
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].
The UE does not expect to perform more than one uplink switching in a slot with µUL = max(µUL, 1, µUL, 2), where the µUL, 1 corresponds to the subcarrier spacing of the active UL BWP of one uplink carrier before the switching gap and the µUL, 2 corresponds to the subcarrier spacing of the active UL BWP of the other uplink carrier after the switching gap.
If a UE indicated a capability for uplink switching with BandCombination-UplinkTxSwitch for a band combination, and if it is for that band combination
-	Configured with uplink carrier aggregation and configured with uplinkTxSwitchingOption set to ‘switchedUL’, or
-	Configured in a serving cell with two uplink carriers with higher layer parameter supplementaryUplink,
if the UE is configured with uplink switching with parameter uplinkTxSwitching, the UE is not expected to be scheduled or configured with simultaneous transmissions on the two uplink bands.
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