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Introduction
[bookmark: _Hlk510705081]RAN1#100-e and RAN1#100bis-e discussed extensively on the uplink Tx switching between two uplink carriers. The email discussion summaries of the RAN1#100bis-e as well as the running RC capture the latest status of the RAN1 work: [3,4,5,6]. 
This document discusses a number of the remaining open issues of the uplink Tx switching.
Discussion
Downlink Interruption due to UL switching
RAN1 discussed the specification impacts of the DL interruption due to UL switching and acknowledged that if RAN4 enables interruptions and RAN1 does not attempt to somehow mitigate the impact, there is no impact to the RAN1 specifications [2]. RAN1 did not engage in analysing the system impacts, but as documented in the email discussion summary [3] the advocates of the DL interruption stated that additional network implementation can be used to avoid the specification impact and mitigate the system impact. Analysis backing these claims were not presented. One document [1] showed a catastrhopic loss of performance on LTE, even when assuming that the eNB implements functionalit mitigating the impact.
In RAN4, there was no proper analysis on the system impact either, but RAN4 did acknowledge that [8]:
· At the same time, RAN4 recognizes that DL interruption causes significant negative system impacts especially on LTE carriers in EN-DC scenarios [R4-2005101]
and proceeded with agreeing to allow for DL interruptions in a subset of cases and requested RAN2 to introduce the signalling [7]:
	In RAN4#94e, the follow agreements on DL interruption have been reached. 
· The following duplex mode combinations (carrier 1 + carrier 2) do not require DL interruption:
· SUL+TDD
· TDD+TDD CA with the same UL-DL pattern
· TDD+TDD EN-DC with the same UL-DL pattern
In RAN4#94e-bis, the follow agreements on DL interruption related UE capability have been reached. 
· Introduce UE capability to indicate DL interruption is needed for duplex mode combinations except the above combinations agreed in RAN4#94e not requiring DL interruption
· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching 
· For the band where DL interruption is needed, the RRM interruption requirements defined in RAN4 shall be applied
· Whether to allow DL interruption for each band combination can be discussed later in RAN4 after the signaling for DL interruption is defined.



Observations on DL interruption:
· SUL+TDD (essentially an FDD+TDD UL CA switching option 1) does not allow DL interruption
· At least with FDD-LTE + TDD-NR EN-DC case there can be catastrophic loss of performance even if eNB implemts loss-mitigating actions.
· With NR FDD+TDD CA the same is likely to happen unless significant additional mitigating actions are implemented in the gNB. 3GPP analysis is missing.
· RAN4 agreed that: “Whether to allow DL interruption for each band combination can be discussed later in RAN4 after the signaling for DL interruption is defined.”

Proposals on DL interruption:
· Recommend RAN/RAN2 to not allow DL interruption for FDD+TDD EN-DC band combinations
· Recommend RAN/RAN2 to not allow DL interruption for FDD+TDD CA band combinations unless it is shown that the negative implications due to loss of PDCCH/CSI-RS/TRS/SSB can be mitigated/avoided without a significant re-implementation on how the channels are used with UEs not requiring DL interruption

The question of “UE is not expected to [be scheduled or configured to] transmit during the switching gap”
The presence of the switching gap is motivated by the UE’s understandable need to ramp-down and ramp-up of the transmit chain. For reasons never explained, this RF switching is impacting the UE’s ability to encode the PUSCH for processing and additional preparation time has been introduced. Furthermore, the UE ecosystem was not able to agree on the duration of the gap, hence different durations are allowed, subject to UE capability indication.
In addition to the above, at least in the last three RAN1 meetings, there has been debate on whether the UE that is not able to transmit on either of the two uplinks during the switching gap is not able to generate that switching gap if the gNB-provided scheduling or configuration did not ensure that there was no transmission requested on the gap. In RAN1#100bis, the proposal to make UE behaviour undefined in this case, i.e. the UE may or may not obey the DCI that ordered the switch if a transmission was scheduled on the gap. This appears odd, as the UE behaviour is well defined – the UE is not expected to, i.e. not required to transmit during the gap, as there is an RF gap. There is no motivation to require the gNB implementation to adapt to different UE capabilities for the gap duration when the gNB is anyway not able to get the UE to transmit during the gap, while the gap location itself is known to the UE prior to the switching takes place.
Proposal: The UE is not expected to transmit a scheduled or configured transmission that overlaps the switching gap on either of the two uplinks
Switching gap with UL CA
	Agreements:
· 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.



The SUL agreement for determining the switching gap one time every transmission occasion is being watered down to only apply when the carrier is switched. This essentially means the determination is made on every UL phase. Due to this, it maybe unnecessary to stick with the letter of the “every transmission occasion” in what comes to UL CA. The determination of the switching gap could be done once per slot, but if we can limit the UL switching to FDD+TDD and TDD+TDD cases, we could even do the determination based on the first slot after the switch only.
Proposal: The UL Tx switching for UL CA is limited to the following two uplink configurations (additional DL-only SCells may be configured)
· One uplink on an FDD carrier and another uplink on a TDD carrier
· Two TDD carriers with uplink, where the uplink phases of the TDD carriers do not overlap

Proposal: For UL, CA the determination of the switching gap is done once per slot.

Switching gap with EN-DC
	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.
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).



The specification for NR-CA will need to define the criteria for the switching gap to be present, and the time location of the switching gap. When this is done for CA, the same definition works for the NR side of the operations in EN-DC. Mandating the system to generate a TDD pattern with any particular mechanism the specification allows for is unnecessary and leads to unnecessary deviation between the EN-DC and NR-CA uplink switching functionality.
Proposal: The specifications do mandate how the network avoids simultaneous 1Tx on LTE and 2Tx on NR for EN-DC uplink Tx switching. The earlier agreement “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).” alone suffices.
Proposal: The UL Tx switching for EN-DC 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: 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).

Conclusion
In this contribution the following observations and proposals are made:
Observations on DL interruption:
· SUL+TDD (essentially an FDD+TDD UL CA switching option 1) does not allow DL interruption
· At least with FDD-LTE + TDD-NR EN-DC case there can be catastrophic loss of performance even if eNB implemts loss-mitigating actions.
· With NR FDD+TDD CA the same is likely to happen unless significant additional mitigating actions are implemented in the gNB. 3GPP analysis is missing.
· RAN4 agreed that: “Whether to allow DL interruption for each band combination can be discussed later in RAN4 after the signaling for DL interruption is defined.”

Proposals on DL interruption:
· Recommend RAN/RAN2 to not allow DL interruption for FDD+TDD EN-DC band combinations
· Recommend RAN/RAN2 to not allow DL interruption for FDD+TDD CA band combinations unless it is shown that the negative implications due to loss of PDCCH/CSI-RS/TRS/SSB can be mitigated/avoided without a significant re-implementation on how the channels are used with UEs not requiring DL interruption

Proposal: The UE is not expected to transmit a scheduled or configured transmission that overlaps the switching gap on either of the two uplinks
Proposal: The UL Tx switching for UL CA is limited to the following two uplink configurations (additional DL-only SCells may be configured)
· One uplink on an FDD carrier and another uplink on a TDD carrier
· Two TDD carriers with uplink, where the uplink phases of the TDD carriers do not overlap

Proposal: For UL CA, the determination of the switching gap is done once per slot.

Proposal: The specifications do mandate how the network avoids simultaneous 1Tx on LTE and 2Tx on NR for EN-DC uplink Tx switching. The earlier agreement “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).” alone suffices.

Proposal: The UL Tx switching for EN-DC 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: 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).
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