
3GPP TSG RAN WG1 #106-e      	                                                                          R1-2107211
e-Meeting, August 16th – 27th, 2021

Source:	OPPO
Title:	Discussion on Rel-17 Tx Switching enhancement
Agenda Item:	5.1
Document for:	Discussion and Decision

Introduction
In Rel-16, there was a work item for the support of UL Tx switching between two different NR carriers, i.e., the support of UL Tx switching between case 1 and case 2 [1]. By the great efforts of RAN1 and RAN4, Rel-16 specification supports the UL Tx switching between two different carriers for three scenarios: EN-DC, NR CA and SUL. On the basis of Rel-16 functionality, a Rel-17 package for further enhancement of UL Tx switching was approved in RAN#90e [2].  In RAN1#104bis-e meeting, some pertinent agreements were made as below [3]:
	Agreement:
· For a UE configured with higher layer parameter supplementaryUplink and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.3 of TS 38.214 is reused.
Agreement:
· For a UE configured with UL CA Option 1 and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.2 of TS 38.214 is reused with the following add-on.
· When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the two carriers.
Agreement:
· For inter-band UL CA, if 2Tx-2Tx UL Tx switching between two uplink carriers is configured: 
· For option 2 of mapping between UL transmission ports and Tx chain
· The switching period is only applicable in the following cases:
· If the current state of Tx chains is 1Tx on carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on either carrier 1 or carrier 2.
· If the current state of Tx chains is 0Tx on carrier 1 and 2Tx on carrier 2, the next UL transmission has a 1-port or 2-port transmission on carrier 1.
· If the current state of Tx chains is 2Tx on carrier 1 and 0Tx on carrier 2, the next UL transmission has a 1-port or 2-port transmission on carrier 2.
· For other cases, the state of Tx chains of last UL transmission is assumed.
Note: For SUL, UL CA option 1 and UL CA option 2, in RAN1 understanding, no spec change to power configuration and power control.
Agreement:
· For a UE configured with 2Tx-2Tx UL Tx switching between two uplink carriers and configured with UL CA Option 2, if the state of Tx chains after UL Tx switching is not unique, a rule to determine the state of Tx chains after Tx switching is to be specified.
· FFS: The state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed, e.g. the carrier with uplinkTxSwitchingPeriodLocation configured as false.


In this contribution, we continue to discuss RAN1 impacts of Rel-17 Tx switching enhancement and provide ours views on the corresponding designs.
Discussion
In Rel-16, there are two cases considered for UL Tx switching, which are case 1 and case 2, defined in below table [1]
 
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 



According to the R17 WID [2], the Rel-17 enhancements on top of Rel-16 UL Tx switching focus on the following two aspects from the perspective of RAN1 impacts:
· UL MIMO are supported in all UL carriers
· More than 2 UL carriers are supported for UL Tx switching.
For the two-carrier scenarios, the following cases are considered for Rel-17 enhancement
· For Tx switching based on SUL band combination, or uplink CA band combination 
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T



For the three-carrier scenarios where 1 carrier is in band A and 2 contiguous aggregated carriers are in band B, the following cases are considered in Rel-17 enhancement: 
· For Tx switching based on SUL band combination, or uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


and
	 
	Number of Tx chains in WID (band A + band B)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T



In order to ensure the consistency of Rel-16 and Rel-17 designs, we should reuse Rel-16 design principle and schemes as much as possible. Rel-16 UL Tx switching supports two different operation modes that are 'switchedUL' and 'dualUL', respectively. It is nature to support these two operation modes for Rel-17 UL Tx switching as well. If so, UE has the flexibility to choose different implementations for the support of Rel-17 UL Tx switching. This UE capability signaling design can reuse the same framework of Rel-16 design. 
Proposal 1: For Rel-17 enhanced UL Tx switching of UL CA, support UE capability signaling for UE to report the support of 'switchedUL' or 'dualUL' or 'both' per band combination.
· This UE capability is mandatory for inter-band UL CA where UE supports Rel-17 enhanced UL Tx switching

2Tx-2Tx switching between 2 carriers
UL CA Option 2
For SUL and UL CA Option 1, the basic solution was agreed in RAN1#105e meeting. Thus, we continue to discussion the scenario of UL CA Option 2. 
For the scenario of UL CA Option 2, there can be simultaneous UL transmissions in the two UL carriers. There are three cases (namely, case 1, case 2 and case 3) for the status of Tx chains for different carriers. Accordingly, there will various different combinations of two neighboring UL transmissions. Whether a switching period is needed or not should be investigated for each combination. By going through all the possible combinations, the following table summarizes all the transmission combinations where a switching period is needed:
	No
	Preceding uplink transmission
	Next uplink transmission
	

	1
	1-port on Carrier 1 and 
UE is under the operation state in which 2-port transmission can be supported
	1-port on Carrier 2
	Supported by Rel-16 mechanism

	2
	1-port on Carrier 1
	2-port on Carrier 2
	Supported by Rel-16 mechanism

	3
	2-port on Carrier 1
	1-port on Carrier 2
	Supported by Rel-16 mechanism

	4
	1-port on Carrier 1 and 
UE is under the operation state in which 2-port transmission cannot be supported
	1-port on Carrier 1
	Supported by Rel-16 mechanism

	5
	2-port on Carrier 1
	2-port on Carrier 2
	Not covered in Rel-16


Based on table, we can see that the combination of No.1-4 has been supported by Rel-16 mechanism. However, the combination of No.5 has not been covered by Rel-16. 
Observation 1: For 2Tx-2Tx switching between 2 carriers of UL CA Option 2, Rel-16 procedures doesn’t cover the case where the two neighboring 2-port transmissions are on different carriers.
In order to address the issue shown by Observation 2 and 3, we suggest to introduce new rule on top of Rel-16 mechanism as below:
Proposal 2: For 2Tx-2Tx switching between 2 carriers of UL CA Option 1 or UL CA Option 2, the mechanism of uplink switching specified in Section 6.1.6.2 of TS 38.214 is reused with an additional rule as below
· When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
UL Tx switching between two bands with 3 carriers
In order to facilitate the discussion, we have the following assumptions
· Carrier 1: in Band A
· Carrier 2 and Carrier 3: in Band B
· For SUL cases, Carrier 1 and Carrier 2 are the corresponding SUL and non-SUL carrier, respectively.  
SUL and UL CA Option 1
The Rel-16 mechanism only describes the UL Tx switching from one carrier to another carrier, but cannot fully support the 3-carier scenarios. For example, Rel-16 spec does not differentiate these two combinations: {1 carrier in band A + 1 carrier in Band B} and {1 carrier in band B and another carrier in band B}. On the other hand, it is straightforward and easy to extent Rel-16 procedure to support the 3-carier scenarios. Following the similar principle of Rel-16 mechanisms, we can summarize all the transmission combinations that requires a UL Tx switching period
	No
	Preceding uplink transmission
	Next uplink transmission
	

	1
	1-port on any carrier in one Band 
	1-port on any carrier in another Band
	Extend Rel-16 mechanism 

	2
	1-port on any carrier in one Band
	2-port on any carrier in another Band
	Extend Rel-16 mechanism 

	3
	2-port on any carrier in one Band
	1-port on any carrier in another Band
	Extend Rel-16 mechanism 

	4
	2-port on any carrier in one Band
	2-port on any carrier in another Band
	New rule of Rel-17 


In the table, “Extend Rel-16 mechanism” means the description can be reused by modifying the two carriers to two bands. Based on the summary, we have the following proposal:
Proposal 3: For UL Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, if SUL is configured, the switching period is required when the two UL transmissions are switched between band A and band B, i.e., 
· [bookmark: _Hlk42187124]If the UE is to transmit any uplink channel or signal on a different uplink in one band from the preceding transmission occasion in another band based on DCI(s) received before  or based on a higher layer configuration(s), then the UE assumes that an uplink switching is triggered in a duration of switching gap ,.

Proposal 4: For UL Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, if UL CA Option 1 is configured, the switching period is required when the two UL transmissions are switched between band A and band B, i.e., 
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 1-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 1-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 2-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 1-port transmission on one uplink carrier in one band and if the preceding uplink transmission was a 1-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of    on any of the two carriers.
· The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier in one band, and any transmission on another uplink carrier in another band.
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 2-port transmission on any uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
UL CA Option 2
Based on the similar analysis as SUL and UL CA Option 1, we can summarize all the transmission combinations that requires a UL Tx switching period for UL CA Option 2 as below:
	No
	Preceding uplink transmission
	Next uplink transmission
	

	1
	1-port on any carrier in one band and 
UE is under the operation state in which 2-port transmission can be supported in this band
	1-port on any carrier in another Band
	Extend Rel-16 mechanism

	2
	1-port on any carrier in one band
	2-port on any carrier in another Band
	Extend Rel-16 mechanism

	3
	2-port on any carrier in one band
	1-port on any carrier in another Band
	Extend Rel-16 mechanism

	4
	1-port on any carrier in one band and 
UE is under the operation state in which 2-port transmission cannot be supported in this band
	1-port on any carrier in the same band
	Extend Rel-16 mechanism

	5
	2-port on any carrier in one band
	2-port on any carrier in another Band
	New rule of Rel-17



Based on the summary, we have the following proposal:
Proposal 5: For UL Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, if UL CA Option 1 is configured, the switching period is required when the two UL transmissions are switched between band A and band B, i.e., 
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 1-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 1-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 2-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission was a 1-port transmission on any the same uplink carrier in the same band and the UE is under the operation state in which 2-port transmission cannot be supported in the same uplink carrier band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 1-port transmission on one uplink carrier in one band and if the preceding uplink transmission was a 1-port transmission on any another uplink carrier in another band and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier in one band, and any transmission on another uplink carrier in another band.
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 2-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
We summarize our proposals in the following tables:
Table: SUL scenarios
	
	2-Carrier
	3-Carrier

	Case 1 -> Case 2
	/
	Rel-17 
(extend corresponding Rel-16 procedure)

	Case 2 -> Case 1
	/
	Rel-17 
(extend corresponding Rel-16 procedure)

	Case 1 -> Case 3
	/
	/

	Case 3 -> Case 1
	/
	/

	Case 2 -> Case 3
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure)

	Case 3 -> Case 2
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure)



Table: CA scenarios
	
	2-Carrier
	3-Carrier

	Case 1 -> Case 2
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure) 

	Case 2 -> Case 1
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure) 

	Case 1 -> Case 3
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure) 

	Case 3 -> Case 1
	Reuse Rel-16 
	Rel-17 
(extend corresponding Rel-16 procedure) 

	Case 2 -> Case 3
	Rel-17 
	Rel-17 

	Case 3 -> Case 2
	Rel-17 
	Rel-17 



Determination of Tx chain state 
In the above discussion, we have some assumption on the sate of Tx chains in some mechanism. In Rel-16 UL Tx switching, the state of Tx chains is determined implicitly, without any explicit rules or signaling. The rationale of the implicit determination is the limited configurations of Tx ports. However, in Rel-17 UL Tx switching enhancement, the situation is much more complicated since there are a large number of potential configurations. Thus, more discussion is needed to ensure the clear solution. In the last meetings, there were four different proposals proposed as below:
· Alt 1: The state of Tx chains after Tx switching is predefined in the specifications.
· Alt 2: The state of Tx chains after Tx switching is indicated by Network.
· Alt 3: The state of Tx chains after Tx switching is determined by UE.
· Alt 4: The state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed.
· FFS: which uplink carrier is the most important one, e.g. the one carrier with uplinkTxSwitchingPeriodLocation configured as false.
After several rounds of discussions, RAN1#104 agreed to specify a rule to determine the state of Tx chains after Tx switching if there is any ambiguity. In order to simplify the specification and gNB/UE implementation, we prefer a common rule for both 2Tx-2Tx UL Tx switching and UL Tx switching between 1 carrier on Band A and 2 carriers on Band B.  
Proposal 6: For both 2Tx-2Tx UL Tx switching and UL Tx switching between 1 carrier on Band A and 2 carriers on Band B, a common rule is used to determine the state of Tx chains after Tx switching in case that the state of Tx chains after UL Tx switching is not unique.      
In the FL summary [4], some examples were used to show the ambiguity issue:
· If the current state of Tx chains is 0T+2T and the next UL transmission is 1-port transmission on carrier 1, since 1P+0P can be mapped to either 1T+1T or 2T+0T, then what’s the state of Tx chains after Tx switching? 
· If the current state of Tx chains is 2T+0T and the next UL transmission is 1-port transmission on carrier 2, since 0P+1P can be mapped to either 1T+1T or 0T+2T, then what’s the state of Tx chains after Tx switching?
The main reason of the ambiguity issue is the change of the numbers of antenna port for UL transmission triggered by dynamic scheduling. One way to solve the issue is to determine the state of Tx chain based on the maximum number of antenna ports for UL transmission. It is simple and can be used for both 2Tx-2Tx UL Tx switching and UL Tx switching between 1 carrier on Band A and 2 carriers on Band B. Let’s have an example: If 2-port PUSCH is configured in carrier X (or band X), no matter the UL transmission is 1-port or 2-port, the state of Tx chain is 2 Tx in carrier X (or band X). Then, by following this rule, there is no ambiguity in the two cased listed in FL summary.
Proposal 7: For both 2Tx-2Tx UL Tx switching and UL Tx switching between 1 carrier on Band A and 2 carriers on Band B, the state of Tx chains is determined based on the maximum number of antenna ports configured for UL transmissions on the given carrier or band, no matter how many antenna ports is used for each UL transmission.       

Conclusion
In this contribution, we discuss the Rel-17 scenarios for the enhancement of UL Tx switching. We analyzed whether Rel-16 procedure can be reused or Rel-17 new design is needed case by case and made the following observations and proposals:  
Observation 1: For 2Tx-2Tx switching between 2 carriers of UL CA Option 2, Rel-16 procedures doesn’t cover the case where the two neighboring 2-port transmissions are on different carriers.

Proposal 1: For Rel-17 enhanced UL Tx switching of UL CA, support UE capability signaling for UE to report the support of 'switchedUL' or 'dualUL' or 'both' per band combination.
· This UE capability is mandatory for inter-band UL CA where UE supports Rel-17 enhanced UL Tx switching
Proposal 2: For 2Tx-2Tx switching between 2 carriers of UL CA Option 1 or UL CA Option 2, the mechanism of uplink switching specified in Section 6.1.6.2 of TS 38.214 is reused with an additional rule as below
· When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of  on any of the two carriers.
Proposal 3: For UL Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, if SUL is configured, the switching period is required when the two UL transmissions are switched between band A and band B, i.e., 
· If the UE is to transmit any uplink channel or signal on a different uplink in one band from the preceding transmission occasion in another band based on DCI(s) received before  or based on a higher layer configuration(s), then the UE assumes that an uplink switching is triggered in a duration of switching gap ,.

Proposal 4: For UL Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, if UL CA Option 1 is configured, the switching period is required when the two UL transmissions are switched between band A and band B, i.e., 
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 1-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 1-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 2-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 1-port transmission on one uplink carrier in one band and if the preceding uplink transmission was a 1-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of    on any of the two carriers.
· The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier in one band, and any transmission on another uplink carrier in another band.
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 2-port transmission on any uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
Proposal 5: For UL Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, if UL CA Option 1 is configured, the switching period is required when the two UL transmissions are switched between band A and band B, i.e., 
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 1-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 1-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 2-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission was a 1-port transmission on any the same uplink carrier in the same band and the UE is under the operation state in which 2-port transmission cannot be supported in the same uplink carrier band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· When the UE is to transmit a 1-port transmission on one uplink carrier in one band and if the preceding uplink transmission was a 1-port transmission on any another uplink carrier in another band and the UE is under the operation state in which 2-port transmission can be supported on the same uplink carrier band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
· The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier in one band, and any transmission on another uplink carrier in another band.
· When the UE is to transmit a 2-port transmission on one uplink carrier in one band and if the preceding uplink transmission is a 2-port transmission on any another uplink carrier in another band, then the UE is not expected to transmit for the duration of  on any of the two carriers.
Proposal 6: For both 2Tx-2Tx UL Tx switching and UL Tx switching between 1 carrier on Band A and 2 carriers on Band B, a common rule is used to determine the state of Tx chains after Tx switching in case that the state of Tx chains after UL Tx switching is not unique.      
Proposal 7: For both 2Tx-2Tx UL Tx switching and UL Tx switching between 1 carrier on Band A and 2 carriers on Band B, the state of Tx chains is determined based on the maximum number of antenna ports configured for UL transmissions on the given carrier or band, no matter how many antenna ports is used for each UL transmission.       
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