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Introduction
In RAN1 #100b-emeeting, the following agreements were made. 
	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 option 2 is supported, the following sub-option 2-3 option 2 is defined. 
· Minimize RAN1 impact 
· No new RAN4 impact
· No new TDM pattern
Option 2-3 Option 2
	 
	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:
· Down selection on following two options in next meeting:
· [bookmark: OLE_LINK4]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.

Decision: As per decision posted on Apr.30th,
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:
Clarification for CA option 2:
· For inter-band UL CA, if uplink Tx switching is configured and if option 2 of mapping between UL transmission ports and Tx chain is supported, the state of Tx chains of last UL transmission is assumed in case of no UL transmission on carrier 1 and 1-port transmission on carrier 2 (0P+1P).
· Note: No spec change to power configuration and power control. 
Agreement:
· 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 limited to be only supported with the Rel-15 EN-DC HARQ timing case 1 with FDD PCell configured.
Working assumption:
· If uplink Tx switching is triggered, the additional time is needed and it equals to the length of UL switching period for the followings cases:
· Tproc,2mux
· Aperiodic SRS transmission
· PDCCH order triggered PRACH transmission
· Tproc, CSI in case of CSI triggered with Z1 of Table 5.4-1 of TS 38.214, FFS: the other cases of Tproc, CSI
Agreements:
· For EN-DC, if uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmissions that result in simultaneous 1Tx transmission on the LTE uplink (carrier 1) and 2Tx transmission on the NR uplink (carrier 2).




In this contribution, we present our views on the open issues for this topic.  
[bookmark: _Ref473802466][bookmark: _Ref462669569]Mapping between UL transmission ports and Tx chain state/case
In last RAN1 meeting, two options were discussed.

Companies propose to use 1-port SRS agreed in eMIMO to indicate Case 1 as it is intended for virtualization. However, we think this is contrary to the goals of ULFP Mode 2. In ULFP Mode 2, the 1-port SRS is virtualized across 2 or more physical ports to achieve full power. In the case of UL Tx switching, however, Case 1 implies that one of the two ports is switched away, therefore full power cannot be achieved by the port corresponding to the 1-port SRS. 
We understand the proponents are trying to use some agreement to “reduce” the standard efforts. However, as the intention is different or even contradict it is just an unnecessary repetition of an SRS the UE has already transmitted. It is a waste of power and resources while UE may not be able to support virtualization as it only with one Tx. 
Meanwhile, in the feature list session, there was no consensus yet to split eMIMO Mode 2 capabilities to ‘additional SRS resource’ and ‘full power TPMI report’. It would not be acceptable to us if a UE, which never had full power issues, now have to report list of TPMIs with no information content. With this, Option 2 will waste not only UE power, network resources but also signaling overhead. 
Again, we will still prefer our original proposal as below for option 2. 

Proposal 1: Adopt Option 2
· 2 Tx in CC2 (TDD) is used for these UL transmissions:  PUSCH with TPMI=, PUSCH with TPMI=, 2-port SRS, 2-port configured grant PUSCH
· 1 Tx in CC2 (TDD) is used for these UL transmissions:  No grant, PUCCH, SR, PRACH, PUSCH with TPMI=, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH



Timeline related aspects for UL switch
UL switch period
In the last RAN1 meeting, two options are listed and down-selection is required in this 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.
To repeat our proposal, for CA we would like to propose only allowing one switch for an UL phase, i.e. for a consecutive UL transmission period of CC2 (TDD). The UL transmission here includes UL symbols of special slot and following UL slots. 
Due to the nature of the radio propagation, CC1 (FDD) is likely to be deployed as the coverage layer and carries important control information – e.g. PUCCH. In this sense, the CC1 Tx’s availability on the CC1-UL-only (a.k.a. CC2 DL) slot is vital to the system performance. 
With the above proposal, we would also clarify the allowed switch boundaries are start and end of UL in CC2. The proposal on timeline is summarized as following proposal 2.
Proposal 2: To simplify the specification discussion, we make the following proposal on timeline. 
· Only allowing one switch for an UL phase, i.e. for consecutive UL slots of CC2 
· Allowed switch boundaries are the start and the end of UL phase in CC2 


[bookmark: _Ref32531037]Figure 2: Illustration of timeline

Placement of transient time
The location of the transient time for CA is semi-statically configured by RRC on one specific carrier of the two uplink carriers. Considering the motivation of this UL switching is to fully utilize the wide bandwidth of CC2 at high geometry area, we propose to place the transient time always in CC1 (FDD) as default to achieve better throughput with UL switching. The value of transient discussed in RAN4 is on the granularity of one or multiple symbols @ 30KHz SCS. During this transient time UE should not expect any scheduled Tx and the occurrence of a requested transmission in a gap is an error case.  

Proposal 3: For placement of transient time
· Relative placement of transient is RRC configured
· Placing transient always in CC1 (FDD) should be default
· Gap is created by gNB scheduling, the occurrence of a requested transmission in a gap is an error case




[bookmark: _Ref37424538]Figure 3: Placement of transient time

UE preparation time
In last RAN1 meeting, we propose the following alternative for the PUSCH preparation time. When we revisit how Tproc,2 is interpreted when it has a different value in carrier 1 and carrier 2. Since the switching impacts both carrier 1 and carrier 2 equally, we think that we should select one of the following two alternatives: 
· Alt.1:  Tproc,2 = max(Tproc,2,CC1 , Tproc,2,CC2)
· Alt.2:  µUL = min(µUL,CC1 , µUL,CC2)
When there is no switch, each of NUL and SUL could follow their own different timelines as an option.  But when there is a switch, it impacts both carriers 1 and carriers 2. For that case, a common timeline needs to be used. This is the same for SUL and CA. 
Among the two alternatives, if Tx switching is supported in the CA case where the UE processing capability is different between carrier 1 and carrier 2, then Alt.1 should be selected. 
On SUL and CA, we think the switching is with similarity that whether carrier 2 can perform a switch while carrier 1 ‘doesn’t know about it’. 
We would like to point out that especially if transmissions may be requested in the switching transient period, not adopting either Alt.1 or Alt.2 above would clearly violate the commonly understood cancellation timeline requirements. 

Proposal 4: for PUSCH preparation time, select one among alternatives below for CA and SUL. If Tx switching is supported in the CA case where the UE processing capability is different between carrier 1 and carrier 2, then Alt.1 should be selected
· Alt.1:  Tproc,2 = max(Tproc,2,CC1 , Tproc,2,CC2)
· Alt.2:  µUL = min(µUL,CC1 , µUL,CC2)

For EN-DC, Tproc,2 = 4ms should be assumed.

Proposal 5: for EN-DC, Tproc,2 = 4ms should be assumed.

As the additional PUSCH preparation time is requested when UL switching is required, there is a “deadline” for UE to make the switching decision. The deadline for each potential switch (according to proposal 7) is illustrated as the red lines in Figure 3. With the deadline established for a potential switch, the decision of whether or not to switch depends on the UL grants UE received before the deadline. The next question is that UE needs to decode and check which grants it received before the deadline to make the decision? Apparently, it does not make sense to require UE to decode all UL grants it received before the deadline. Therefore, we need define an “observation period” that is a set of TDD UL slots, where an UL grant schedules an UL transmission in that set of TDD UL slots and the UL grant is involved in the decision of UL switch. In other words, UE only expects that the UL grants whose scheduled UL transmission falls in the observation period trigger an UL switch. 
Based on above reasoning, we propose the following:

Proposal 6: the observation period for an allowed switch boundary is 
· Option 1: first TDD slot after the allowed switch boundary
· Option 2: first TDD slot after the allowed switch boundary and any other TDD slots after the allowed switch boundary for which the grant was received at the same time as the grant for the first slot 
Among these two options we prefer Option 1 for simplicity.

Switching mechanism of EN-DC
In last RAN1 meeting, we reached the consensus that for EN-DC, at least Rel-15 EN-DC HARQ timing case 1 with FDD PCell can be reused to support uplink Tx switching. Due to lack of time, we will propose use this as the solution in Release 16.

Proposal 7: Reuse Rel-15 EN-DC single UL Tx operation with FDD PCell
· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes
· No change to LTE operation

Conclusions
We discussed the open issues on switching period, placement of transient time, UE preparation time, switching mechanism for inter-band CA, and switching mechanism for EN-DC. Based on the discussion, we have the following proposals:

Proposal 1: Adopt option 2 
· 2 Tx in CC2 (TDD) is used for these UL transmissions:  PUSCH with TPMI=, PUSCH with TPMI=, 2-port SRS, 2-port configured grant PUSCH
· 1 Tx in CC2 (TDD) is used for these UL transmissions:  No grant, PUCCH, SR, PRACH, PUSCH with TPMI=, PUSCH scheduled by DCI 0_0, single port configured grant PUSCH

Proposal 2: To simplify the specification discussion, we make the following proposal on timeline. 
· Only allowing one switch for an UL phase, i.e. for consecutive UL slots in CC2 
· Allowed switch boundaries are the start and the end of the UL phase in CC2 


Proposal 3: For placement of transient time
· Relative placement of transient is RRC configured
· Placing transient always in CC1 (FDD) should be default
· Gap is created by gNB scheduling, the occurrence of a requested transmission in a gap is an error case


Proposal 4: for PUSCH preparation time, select one among alternatives below for CA and SUL. If Tx switching is supported in the CA case where the UE processing capability is different between carrier 1 and carrier 2, then Alt.1 should be selected
· Alt.1:  Tproc,2 = max(Tproc,2,CC1 , Tproc,2,CC2)
· Alt.2:  µUL = min(µUL,CC1 , µUL,CC2)

Proposal 5: for EN-DC, Tproc,2 = 4ms should be assumed.

Proposal 6: the observation period for an allowed switch boundary is 
· Option 1: first TDD slot after the allowed switch boundary
· Option 2: first TDD slot after the allowed switch boundary and any other TDD slots after the allowed switch boundary for which the grant was received at the same time as the grant for the first slot 
Among these two options we prefer Option 1 for simplicity.


Proposal 7: for EN-DC, reuse Rel-15 EN-DC single UL Tx operation with FDD PCell
· UE assumes always Case 1 in LTE subframes designated as UL in the reference DL/UL configuration and Case 2 in the remaining subframes
· No change to LTE operation
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