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Introduction
In RAN1#100bis-e meeting, there were many discussions on the support of Tx switching between two uplink carriers. Some agreements were made as follows
	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



Agreements: Confirm the working assumption:
·           Working Assumption: For inter-band UL CA, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission. 
Agreements:
Ÿ   Down selection on following two options in next meeting:
        Option 1: The presence of the switching period is determined one time every transmission occasion.
        Option 2: The presence of the switching period is determined one time every slot or every UL phase.
Agreements:
· For inter-band UL CA, if uplink Tx switching is configured: 
· For option 1 of mapping between UL transmission ports and Tx chain, the switching period is only applicable when the UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.
· 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 1 Tx on carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on carrier 2.
· If the current state of Tx chains is 0 Tx on carrier 1 and 2Tx on carrier 2, the next UL transmission has a 1-port transmission on carrier 1.
· For other cases, the state of Tx chains of last UL transmission is assumed. 
· Note: No spec change to power configuration and power control. 
Agreements:
· If uplink Tx switching is configured, all UL transmissions can trigger uplink Tx switching.

Agreements:
· Confirm that Uplink switching is triggered and additional time is needed for PUSCH preparation procedure:
· For SUL UEs incapable of UE feature simultaneousTxSUL-NonSUL
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.
· For UL CA
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively 1-port transmission in carrier 1 and 2-port transmission in carrier 2, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.
· The current transmission occasion and the last transmission occasion assumed by the UE at T0 - Toffset are respectively 2-port transmission in carrier 2 and 1-port transmission in carrier 1, where  T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.
· For EN-DC
· The current transmission occasion and the last transmission occasion assumed by the UE atT0 - Toffset are on different uplink carrier, where T0 and Toffset is the starting timing and UE preparation time of current transmission, respectively.
Agreements:
· Observation: For EN-DC, at least Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching.
· FFS: whether the support for Rel-15 EN-DC HARQ timing case 1 with FDD PCell is mandatory for UEs supporting UL Tx switching for EN-DC
· FFS: whether uplink Tx switching support is li



In this contribution, we present our views on some remaining issues.
Discussion
Additional time for PUSCH preparation procedure
In RAN1#100 e-meeting, it was agreed that if uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period. How to capture the agreement in the specification, there are two options [1]
Option 1:


Option 2:


Theoretically, these two options are equivalent. The only difference between them is the unit used for Tswitch.  From our understanding, this difference is really a minor issue and does no matter from the perspective of gNB or from the perspective of UE. Thus we think either on is ok.  
Thus we have the following proposal
Proposal 1: When UL switching period exists due to Tx switching, the length of Tx switching time is added to the current PUSCH preparation procedure as Option 1 or Option 2. 
Scheme to support Option 2
Codebook based PUSCH
In order to support dynamic switching between 1Tx and 2Tx in carrier 2 by DCI scheduling, RAN1 needs new mechanism. 
There are some proposal to support the Tx swiching between 1Tx and 2Tx. One proposal is that 
 2-port SRS resource(s) is configured for carrier 2
When 1Tx is used in carrier 2, gNB should indicate a rank-1 TMPI with only one non-zero element  
When 2Tx is used in carrier 2, gNB is free to indicate any TMPI from the configured codebook subset.
This proposal relies on the gNB’s implementation and reduce the standardization efforts. However, this scheme forces UE to map some SRS port to a specific Tx which will not be switched. This design contracts with the RAN1 principle that the specification hardware implementation should be transparent from the perspective of RAN1.

Meanwhile, in the Rel-16 feature of UL full power transmission, a SRS resource set consisting SRS resources with different numbers of SRS ports is introduced for codebook based PUSCH with UL full power transmission Mode 2. 
This scheme can be reused for Option 2.  In this case, a SRS resource set with 1-port SRS resource(s) and 2-port SRS resource(s) is configured for codebook based PUSCH. Then for carrier 2, 1-port SRS resource will be indicated by DCI in Case 1 whereas 2-port SRS resource will be indicated by DCI in Case 2. Since this is a FR1 issue, UE will not have multiple Tx analog beams. That means the spatial relation information will not be configured in this scenarios. Thus we have the following proposal.
Proposal 2: In order to support Option 2, RAN1 should support a SRS resource set with 1-port SRS resource(s) and 2-port SRS resource(s) is configured for codebook based PUSCH (i.e., Reuse the scheme introduced in full power transmission)
In case 1, 1-port SRS resource will be indicated by DCI for carrier 2
In case 2, 2-port SRS resource will be indicated by DCI for carrier 2 
No spatial relation information is configured   (since it is only for FR1)   
Up to 2 SRS resources can be configured in the SRS resource (same restriction as Rel-15)    
The power control scheme is the same as Rel-15
The power scaling factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource 

Non-codebook based PUSCH 
In addition to codebook based PUSCH, NR supports non-codebook based PUSCH as well. For non-codebook based PUSCH, gNB will configure a SRS resource with multiple single-port SRS resources. If UE is working with Option 2 operations, gNB should indicate only 1 single-port SRS resource in Case 1. However, there is still another remaining issue: how does gNB know the mapping between 2 single-port SRS resource and the 2 Tx? If gNB doesn’t know that, gNB may indicate a SRS resource that is associated with the Tx used in carrier 1 and UE cannot transmit any UL data.

There may be two different approaches to address the issue
Alt.1: gNB configures two SRS resource sets, which are associated with transmissions in Case 1 and Case 2, respectively. 
Alt.2: The mapping of SRS resources and Tx chains are pre-determined (e.g., a rule in specification, or UE reporting)
The main disadvantage of Alt1 is that it may change the DCI size, which is not attracting. Meanwhile, from the UE perspective, it is not beneficial to disclose mapping between the SRS resources and RF chains. Thus Alt.2 is not a good solution.

Based on the discussions, we can see that it will be very complicated if Option 2 and non-codebook based PUSCH are supported simultaneously.  Thus we have the following proposal

Proposal 3: In Rel-16, a UE is not expected to be configured with Option 2 and non-codebook based PUSCH simultaneously. 

Switching period
There is another remaining issue regarding where the switching period can be determined. Here are the potential options for down-selection.
· Option 1: The presence of the switching period is determined one time every transmission occasion.
· Option 2: The presence of the switching period is determined one time every slot.
· Option 3: The presence of the switching period is determined one time every UL phase.


From our understanding, it is up to gNB’s scheduling / configuration. From the perspective of UE, it can dynamically switch between Case 1 and Case 2 assuming the switching timing is guaranteed by the scheduling.  Option 2 is only to add more restrictions to gNB’s scheduling, which can be done at gNB’s side transparently. Thus Option 1 is the most flexible and efficient solution.
Proposal 4: The presence of the switching period is determined one time every transmission occasion.
· We can also support the presence of the switching period is determined one time every slot as a compromise
· Don’t support that the presence of the switching period is determined one time every UL phase.


Conclusion
In this contribution, we discuss some open issues on the support of Tx switching between two uplink carriers. Based on the discussion, we have the following proposals
Proposal 1: When UL switching period exists due to Tx switching, the length of Tx switching time is added to the current PUSCH preparation procedure as Option 1 or Option 2. 
Proposal 2: In order to support Option 2, RAN1 should support a SRS resource set with 1-port SRS resource(s) and 2-port SRS resource(s) is configured for codebook based PUSCH (i.e., Reuse the scheme introduced in full power transmission)
In case 1, 1-port SRS resource will be indicated by DCI for carrier 2
In case 2, 2-port SRS resource will be indicated by DCI for carrier 2 
No spatial relation information is configured   (since it is only for FR1)   
Up to 2 SRS resources can be configured in the SRS resource (same restriction as Rel-15)    
The power control scheme is the same as Rel-15
The power scaling factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource 
Proposal 3: In Rel-16, a UE is not expected to be configured with Option 2 and non-codebook based PUSCH simultaneously. 
Proposal 4: The presence of the switching period is determined one time every transmission occasion.
· We can also support the presence of the switching period is determined one time every slot as a compromise
· Don’t support that the presence of the switching period is determined one time every UL phase.
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