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Introduction
[bookmark: _Hlk510705081]RAN1#100-e discussed extensively on the uplink Tx switching between two uplink carriers. The email discussion summaries are captured in [1,2,3]. Further RAN1 received an LS from RAN4 in [4]. 
This document discusses the remaining open issues of the feature.
Discussion
Simultaneous uplink transmissions
Collision of the two uplinks
· Stand-alone NR with SUL: A non-issue as such collision cannot happen between the SUL/non-SUL carriers of one cell by definition.
· Inter-band UL CA: already agreed as “For inter-band UL CA, 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 carrier 1 and 2Tx transmission on carrier 2.”
· EN-DC: From the UE perspective, what matters is that the same RF behavior can be followes as with the UL CA, not how it is achieved. It may be practical to achieve the TDM operation between the two uplinks with the 1Tx TDD pattern, but there is no necessiry to tie the two features together. What matters is that the collisons won’t happen.
Proposal: Apply the Inter-band UL CA agreement above to the EN-DC as well: 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 uplnk (carrier 2).
Proposal: If PRACH is to be triggered on one carrier, it will pre-empt the scheduled/configured 2-port transmission on the other carrier. 

More than 2 uplinks: If the UL switching between two uplinks is allowed for the case where more than two uplinks are configured, the implications to the 3rd (etc.) uplink need to be discussed.
Proposal: The UL switching is defined only for the case where two and no more than two uplinks are configured.
Downlink interruption due to UL switching
RAN4 has been discussing the possible impact of the UL switching to the DL reception, and proposals for a DL reception gap have been made. In our view, the device that requires DL reception gap due to UL switching should not be allowed as the potential lossed in the DL outweigh the potential gains in the UL as a loss of even one symbol may easily lead to the loss of the whole slot, and possibly even in the loss of DL synchronization.
If the DL reception gap overlaps with
· the PDCCH the scheduled DL and/or UL transmission is lost
· the PDSCH DMRS the PDSCH is lost
· the PSS/SSS there is an impact on the sync maintenance
· the TRS there is an impact on the sync maintenance
· the CSI-RS for CSI feedback, there is an impact to the link adaptation and beam management

E.g. a 5 ms TDD pattern may consistently land the DL interruption on the LTE PSS/SSS (EN-DC), SSB or TRS (NR CA) making the UE lose the radio link. In most cases the interruption would land on the beginning of the DL subframe/slot eliminating the PDCCH and thus losing a slot. 
Let’s look more closely at EN-DC case with 30 kHz NR with DDDSU-DDSUU pattern for the NR TDD carrier:
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[bookmark: _Hlk37435386]Figure 1: Impact of the DL interruption and loss of LTE uplink due to non-simultaneous Tx, DDDSU-DDSUU
[bookmark: _Hlk37435373]Observation: For EN-DC with TDD NR operating with 30 kHz SCS and DDDSU-DDSUU TDD pattern:
· 40% of the LTE DL subframes are lost because of the DL interruption blocking the LTE PDCCH (yellow)
· Another 40% of the LTE DL subframes observe a loss due to the DL interruption crippling the end of the subframe (Compromized DL subframe)
· 40% of the LTE UL subframes are lost because of the uplink being used by the NR 30% of the time. (red)
· Another 40% of the LTE UL subframes are lost because of the loss of the scheduling PDCCH (yellow)

Proposal: No interruptions in DL reception is allowed due to UL switching. If a device architecture would require DL interruption to be able to support UL switching, then that device architecture does not support UL switching.
Presence of the switching gap
The following agreements were made in RAN1#100e under the email thread [100e-5.1LS-TxSwitching-02] Email discussion/approval on remaining issues on PUSCH preparation procedure [1]:
	In RAN1 #100 e-meeting, following agreements have been achieved:
Agreements:
· If uplink Tx switching is triggered, the length of the additional time for PUSCH preparation procedure equals to the length of UL switching period.

Agreements:
· For SUL, if uplink Tx switching is configured, the state of Tx chains of last UL transmission is assumed in case of no UL transmission.
· 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. It can be revisited in RAN1#100bis.

Agreements:
Clarify the agreement with changes in red
Agreements:
· For standalone SUL, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.
· The switching period is only applicable when the scheduled UL transmissions are switched between 1Tx carrier 1 and 2Tx carrier 2.
· For each UL transmission occasion on a carrier, the existence of the switching period is determined one time every occasion.
· Note: 2Tx carrier 2 refers to an UL carrier capable of 2 Tx chains and both 1-port and 2-port UL transmissions.


Presence of the switching gap: 
Proposal: Agree on the abovementioned 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. It can be revisited in RAN1#100bis.
Proposal: Extend the same behaviour for EN-DC
Maximum rate of switching: For the Stand-alone NR with SUL, the agreement states that the need for switching is evaluated once for each UL transmission occasion (transmission occasion is defined in clause 7 of T 38.213). There seems to be no reason to define this differently for UL CA or for EN-DC.
Proposal: For both EN-DC and NR-CA, the presence of the switching gap is determined one time every transmission occasion. 
Uplink carrier aggregation with switched uplink
RAN1#100e progressed the UL switching with uplink CA case and made the following agreements and working assumptions:
	In RAN1 #100 e-meeting, following agreements have been achieved:
Agreements:
· For inter-band UL CA, 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 carrier 1 and 2Tx transmission on carrier 2.

Working Assumption:
· For inter-band UL CA, if option 2 is supported, the following sub-option 2-3 is defined. 
· Minimize RAN1 impact 
· No new RAN4 impact
· No new TDM pattern
· It can be revisited in future RAN1 meeting with taking into consideration any relevant RAN4 decisions on DL interruption for UL Tx switching.
Option 2-3
	
	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:
	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



· For inter-band UL CA, if UL switching period is configured by RRC
· The switching period is not always applicable on the carrier configured with switching period.
· The switching period is at least applicable between 1-port transmission in carrier 1 and 2-port transmission in carrier 2.  

Agreements:
· For inter-band UL CA, UE is not expected to [be scheduled or configured to] transmit on any of the two carriers in the switching period.
· FFS: whether to handle the case when switching period cannot be ensured by gNB.



The most important remaining open issue is related the “Option 1 vs. Option 2” discussion wrt. if the UE can be scheduled to transmit simultaneously on the two uplinks or not.
The two options are outlined as follows:
· 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]



As extensively discussed during the RAN1#99 and RAN1#100e, the intent of the work-item was for option 2, and the benefit of option 1 over option 2 is questionable. 
Proposal: Adopt option 2: If uplinkTx switching is configured, the 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
EN-DC with switched uplink
RAN1#100e did not manage to make many concrete agreements on the EN-DC setup. The main contentios issues are related to:
· Whether the LTE and NR transmissions can take place simultaneously
· Whether the switching behavior requires configuring the UE with TDD reference pattern for the LTE FDD carrier or not, and if yes, which flavor of the pattern.

The discussion was based mainly on the underlying assumption that the EN-DC being discussed assumes LTE FDD PCell and NR TDD SCell.
In our view, following the Rel-15 1-Tx operation principle, the UE that requires EN-DC uplink switching should support at least the Rel-15 LTE TDD reference pattern for FDD PCell, but this does not imply a requirement for the network to use the pattern to ensure 1-Tx operation.

Proposal: The 1-Tx operation is limited to the following two uplink configurations (additional DL-only SCells may be configured)
· LTE FDD PCell and NR TDD SCell
· LTE TDD PCell and NR TDD SCell where the uplink phases of the TDD patterns do not overlap 
Proposal: In order to ensure good commonality with EN-DC and NR-CA behavior the network is expected to ensure that the UE is never scheduled or configured to transmit LTE uplink and 2-port NR uplink at the same time. 
Proposal: The UE is expected to be able to transmit LTE and 1-port NR uplink transmissions simultaneously.
Proposal: The UEs supporting switched uplink with FDD LTE PCell shall support at least the Rel-15 TDD reference pattern for LTE FDD cell (FG6-13).
Proposal: The UEs supporting switched uplink with TDD LTE PCell shall support at least the Rel-16 TDD reference pattern for LTE TDD cell (FG [18-2]).
Conclusion
In order to close the remaining open issues related to RAN1 on the 2-Tx switched uplink operation, the following proposals are made:
On simultaneous uplink transmissions in general:
Proposal: Apply the Inter-band UL CA agreement above to the EN-DC as well: 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 uplnk (carrier 2).
Proposal: If PRACH is to be triggered on one carrier, it will pre-empt the scheduled/configured 2-port transmission on the other carrier. 
Proposal: The UL switching is defined only for the case where two and no more than two uplinks are configured.

[bookmark: _GoBack]On DL interruption in relation to the RAN4 LS [4]: 
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Observation: For EN-DC with TDD NR operating with 30 kHz SCS and DDDSU-DDSUU TDD pattern:
· 40% of the LTE DL subframes are lost because of the DL interruption blocking the LTE PDCCH (yellow)
· Another 40% of the LTE DL subframes observe a loss due to the DL interruption crippling the end of the subframe (Compromized DL subframe)
· 40% of the LTE UL subframes are lost because of the uplink being used by the NR 30% of the time. (red)
· Another 40% of the LTE UL subframes are lost because of the loss of the scheduling PDCCH (yellow)
Proposal: No interruptions in DL reception is allowed due to UL switching. If a device architecture would require DL interruption to be able to support UL switching, then that device architecture does not support UL switching.

On switching gap:
Proposal: Agree on the abovementioned 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. It can be revisited in RAN1#100bis.
Proposal: Extend the same behaviour for EN-DC
Proposal: For both EN-DC and NR-CA, the presence of the switching gap is determined one time every transmission occasion. 

On NR UL CA with switched uplink
Proposal: Adopt option 2: If uplinkTx switching is configured, the 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

On EN-DC with switched uplink
Proposal: The 1-Tx operation is limited to the following two uplink configurations (additional DL-only SCells may be configured)
· LTE FDD PCell and NR TDD SCell
· LTE TDD PCell and NR TDD SCell where the uplink phases of the TDD patterns do not overlap 
Proposal: In order to ensure good commonality with EN-DC and NR-CA behavior the network is expected to ensure that the UE is never scheduled or configured to transmit LTE uplink and 2-port NR uplink at the same time. 
Proposal: The UE is expected to be able to transmit LTE and 1-port NR uplink transmissions simultaneously.
Proposal: The UEs supporting switched uplink with FDD LTE PCell shall support at least the Rel-15 TDD reference pattern for LTE FDD cell (FG6-13).
Proposal: The UEs supporting switched uplink with TDD LTE PCell shall support at least the Rel-16 TDD reference pattern for LTE TDD cell (FG [18-2]).
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