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Introduction
RAN plenary approved the work item R17 NR FR1 which includes the R17 UL Tx switching [1]. In RAN1 #104b-emeeting, RAN1 made good progress with following agreements. 
	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



Agreements:
For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for UL CA option 2 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 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

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

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


Conclusion:
· For uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B,
· If the state of Tx chains is 1Tx on Band A and 1Tx on Band B, 1Tx is available simultaneously on both uplink carriers on band B for a UE.
· If the state of Tx chains is 0Tx on Band A and 2Tx on Band B, 2Tx are available simultaneously on both uplink carriers on band B for a UE.
Agreement:
Send LS to RAN4 asking following question:
· Question: For UL Tx switching in a band pair of a band combination, whether or not the switching time reported by a UE for 2Tx-2Tx switching can be different from that reported by the UE for 1Tx-2Tx switching.
Agreements:
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) 


Agreements:
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)


Agreements:
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 UL CA Option 2 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), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

	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) 


Agreements:
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 UL CA Option 2 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), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

	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)


Conclusion:
· For uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, whether Tx switching between 2Tx on Band A and 1Tx on Band A+1Tx on Band B for UL CA option 1 and SUL is included in WID could be clarified by RAN plenary or RAN4.





In this paper, we provide views on the leftover issues need to be addressed in R17. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]

Intra band contiguous CA
RAN1 got consensus that the Tx chains of band B would serve both carriers simultaneously. Therefore, as far as the max antenna ports of two contiguous carriers is within the allowed antenna port(s) number of band B, there is no switching gap expected between the two contiguous carriers. 
	Conclusion:
· For uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B,
· If the state of Tx chains is 1Tx on Band A and 1Tx on Band B, 1Tx is available simultaneously on both uplink carriers on band B for a UE.
· If the state of Tx chains is 0Tx on Band A and 2Tx on Band B, 2Tx are available simultaneously on both uplink carriers on band B for a UE.




Furthermore, RAN1 agreed on the state machine definition of intra band contiguous CA for SUL, and UL Inter band CA (both option 1 and 2). From these agreed tables, we can find that the max antenna port(s) number of the two carriers of band B is used to evaluating the antenna ports number to further decide whether to switch or not.
Therefore, we feel it’s natural to derive that in evaluating the antenna ports for determination of UL Tx switching, the configuration of the two contiguous carriers are jointly considered and the maximum ports number among the scheduling for the two contiguous carriers on band B is used.

Proposal 1: In evaluating the antenna ports for determination of UL Tx switching, the configuration of CC2 and CC3 are jointly considered and the maximum ports number among the scheduling for CC2 and CC3 on band B is used.

	Agreements:
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) 


Agreements:
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)


Agreements:
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 UL CA Option 2 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), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

	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) 


Agreements:
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 UL CA Option 2 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), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

	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)








Switching triggering 
In RAN1 #104b-emeeting, we had very long discussion on the following text of switching mechanism. Based on the input, we saw only one company has concerns on removing the last note - “No spec change to power configuration and power control”. Meanwhile, we can’t understand why there should be an objection to the agreement without the note, and why only CA option 2 needs to make this clarification? 
To progress the discussion, we propose to approve the main body without last note.
	· [bookmark: OLE_LINK1]For a UE configured with higher layer parameter supplementaryUplink and with 2Tx-2Tx UL Tx switching between two uplink carriers, the triggering mechanism of uplink switching specified in S6.1.6.3 of TS 38.214 is reused.
· For a UE configured with UL CA Option 1 and with 2Tx-2Tx UL Tx switching between two uplink carriers, the triggering 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  on any of the two carriers.
· 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: No spec change to power configuration and power control.




Proposal 2: Agree on the following text on Tx switching mechanism. 
· For a UE configured with higher layer parameter supplementaryUplink and with 2Tx-2Tx UL Tx switching between two uplink carriers, the triggering mechanism of uplink switching specified in S6.1.6.3 of TS 38.214 is reused.
· For a UE configured with UL CA Option 1 and with 2Tx-2Tx UL Tx switching between two uplink carriers, the triggering 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  on any of the two carriers.
· 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.

Switching ambiguity
In RAN1 #104b-emeeting, one company raise the issue on switching ambiguity for Rel-17 three cases switching.
As illustrated in Table 1, if UE is at case 3 and requires a switch to 0P+1P, it would not know which is the target case as both Case 1 and Case 2 allow 0p+1p. Similarly, if UE is at Case 2 and requires a switch to 1P+0P, it won’t know which is the target case. 

Table 1 illustration of switching ambiguity for R17 3 cases
	 
	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 

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



In general, we agree that keep the RF status alignment between BS and UE after the switching is important for the future scheduling. To solve this ambiguity switching issue, [2] proposed 3 alternative solutions.
Table 2 Proposed example solutions to solve the switching ambiguity [2]
	
	Proposed solution
	Pros and cons

	Alternative 1
	The state of Tx chains after Tx switching is predefined in the specifications.
	This would avoid explicit signaling and maintain the same principle as Rel-16.
It would lose some flexibility as the prioritized Case is hard coded in the spec.

	Alternative 2
	The state of Tx chains after Tx switching is indicated by Network.
	This would be the clearest way to tell UE the switch target case.
A new signaling will be required.

	Alternative 3
	The state of Tx chains after Tx switching is determined by UE.
	We don’t know how this works.



In R16, we define the switching behavior in the spec without explicit switching signaling. Before we make the selection of above alternatives, we make some initial analysis for the above 3 alternatives.
· Alternative 1 doesn’t require additional explicit signaling which is with same principle of Rel-16. One possible implementation is to define a prioritized case or carrier when ambiguous scheduling happens. For example, we can always prioritize Case 1 which allows balanced transmission from both carriers. If UE is at case 3 and scheduled for 0P+1P at the next slot, UE would switch to Case 1 when it’s prioritized in the spec. However, it would lose some flexibility as the prioritized Case is hard coded in the spec.
· Alternative 2 needs a new signaling to indicate which is the target case when ambiguous scheduling. This would be the clearest way to tell UE the switching target case. 
· Alternative 3 leaves the decision to the scheduled UE. Frankly, we don’t understand how it works. For example, if UE is at case 3 and scheduled for 0P+1P at the next slot, what’s the switching target case? If UE selects one of Case 1 or Case 2, how the BS know about this? If BS doesn’t know the Tx chain status (Case number), how should the BS know whether UE needs the switching gap or not for the next scheduling?

Both Alternative 1 and 2 should be workable to solve this ambiguous switching. We don’t have strong preference between them. For Alternative 3, we don’t know how it works but open to discuss if it’s workable. 
Observation: Both Alternative 1 and 2 should be workable to solve this ambiguous switching. For Alternative 3, maybe the proponents need to clarify how it works.
Categorization of 1Tx vs. 2Tx
In R16 UL Tx switching, we had some discussion, but no decision was made at that time due to diverged proposals. However, this is indeed an important issue to the product development and deployment. Clear definition of 1 or 2 ports would largely reduce the development and IoT test efforts between infrastructure vendors and chipset/UE vendors.
Hereby we would like to update our proposal to accommodate R17 scope.
· DCI format 0_1 defines PUSCH precoding with TPMI and mapping matrix is defined for different antenna port combination in TS38.211. TPMI = [1 1] is port transmission of CC2 (TDD) which should be with no confusion. For TPMI = [1 0] cases, we would propose consider both as one-port, while TPMI = [0 1] should be considered as two-port transmission. 

· PUCCH and PRACH are one port transmission from RAN1 perspective even though two Tx chain could be used transparently to increase the UL reliability. However, we need to decide which case it belongs to. For simplicity, we propose to put them into Case 1.

· For a Configured Grant (CG) PUSCH, UE is with flexibility to initial Tx without DCI. To avoid ambiguity between network and UE, we propose that a UE uses 2-port for CG PUSCH in Case 2 and 1-port for CG PUSCH in Case 1.

Based on the above discussion, we have the following proposals to categorize 1 Tx or 2 Tx. 

Proposal 3: Use the following rule to decide the Tx number(s) on a certain carrier, 
· 2 Tx is used for these UL transmissions:  PUSCH with TPMI=[ , ], 2-port SRS, 2-port configured grant PUSCH, SRS carrier switching on the paired carrier

· 1 Tx is used for these UL transmissions:  PUCCH, SR, PRACH, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH, PUSCH with TPMI=

[bookmark: OLE_LINK2]R17 Back-to-back switching with SRS switching
In Rel-16 UL Tx switching, UE is restricted to support one switch per one slot. However, the switching location could be anywhere inside the slot. For example, if the switch is triggered by SRS transmission, the switching location could be in the middle or even later part of the slot. Therefore, if there is an expected switch on the SRS transmission carrier, there would be two switches in 14 consecutive symbols even these two switches still belong to two slots. 
We used to express our concern as too many symbols are spent for Tx switching gaps when two switches are within 14 consecutive symbols. Now, when we consider SRS carrier switching and if the UL Tx switching is triggered by SRS carrier switching which means there would be 4 switches (2 for SRS and 2 for UL Tx switch) in 14 consecutive symbols! From UE implementation perspective, we definitely want to avoid this case as too many symbols are costed as switch gap. 
Proposal 4 When SRS carrier switching configures – max of 3 switches (2 for SRS and 1 for UL Tx switching) in 14 consecutive symbols. 

UL
DL
DL
Tx Switch
CC1
UL
CC2
DL
DL
CC3
RF tuning
UL
4 switches within 14 consecutive symbols
SRS
RF tuning
SRS
Tx switch

Figure 1 illustrative figure on 4 switches in 14 consecutive symbols



Conclusions
We shared the views on new switching options, intra band contiguous CA, Categorization of 1Tx and 2Tx, and etc. for inter-band CA, and SUL. Based on the discussion, we have the following proposals and observation:
Proposal 1: In evaluating the antenna ports for determination of UL Tx switching, the configuration of CC2 and CC3 are jointly considered and the maximum ports number among the scheduling for CC2 and CC3 on band B is used.
Proposal 2: Agree on the following text on Tx switching mechanism. 
Proposal 3: UE jointly checks the configuration of CC2 and CC3 and use the maximum ports number among the scheduling for CC2 and CC3 on band B to decide whether to switch or not. 

Proposal 3: Use the following rule to decide the Tx number(s) on a certain carrier, 
· 2 Tx is used for these UL transmissions:  PUSCH with TPMI=[ , ], 2-port SRS, 2-port configured grant PUSCH, SRS carrier switching on the paired carrier

· 1 Tx is used for these UL transmissions:  PUCCH, SR, PRACH, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH, PUSCH with TPMI=
Proposal 4 When SRS carrier switching configures – max of 3 switches (2 for SRS and 1 for UL Tx switching) in 14 consecutive symbols. 

Observation: Both Alternative 1 and 2 should be workable to solve this ambiguous switching. For Alternative 3, maybe the proponents need to clarify how it works.
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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  

  Agreements:   For Rel - 17 2Tx - 2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for  UL CA option 2 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 1  1T+1T  1P+0P, 1P+1P, 0P+1P  

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

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

Conclusion:      For uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B,   o   If  the state of Tx chains is 1Tx on Band A and 1Tx on Band B, 1Tx is available simultaneously on both  uplink carriers on band B for a UE.   o   If the state of Tx chains is 0Tx on Band A and 2Tx on Band B, 2Tx are available simultaneously on both  uplink carriers on   band B for a UE.   Agreement:   Send LS to RAN4 asking following question:  

