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1. Introduction
For UEs only capable of two concurrent uplink transmission chains, Tx switching between two uplink carriers can enable 2Tx on NR carrier together with EN-DC, SUL and UL CA, and thus RAN4 requirement on switching period between two FR1 uplink carriers was proposed in RAN4 #92 meeting [1]-[3]. 
2. Discussion
· Issue #1: Length of the switching period
· Option 1: 35 us (China Telecom, CMCC, Huawei)
· Option 2: 140us (China Telecom, Spreadtrum, Mediatek)

· Option 3: 0us (Qualcomm, Spreadtrum, CMCC)
· Option 4: [70] us
· Option 5: 900 usec (Qualcomm)
· Current assumption is 0 usec which implies 2 RF transmitters being active but not allocated. For UL MIMO, UE needs two RF TX chains on same frequency and shared LO so that capability does not limit here since 1.8 GHz RF TX chain is separate anyway. In practice implementation has to have 2 BB chains of which the other must be capable for UL MIMO TX and 2 RF TX’s. If one wants to realise this with single BB chain that is capable for UL MIMO and reuse that for 1.8 GHz and 3.5 GHz, whole BB and TX chain needs to be retuned and it takes time as we discussed in SRS carrier switching case. 
· Can proponents of shorter times explain what is the assumption for UE behavior for shorter switching times.
· Option 6: other values are not precluded (ZTE, Intel)
Nokia: is there an option of no switching?
ZTE: propose to add Option 6: other values are not precluded
Chair: option 6 is proposed from UE and BS point of view?


ZTE: it related to network operation.
QC/Nokia: justification for non-zero numbers?
Verizon: this is an optional feature? 

CTC: yes
Nokia: where does the switching period come from?

HW: we can provide later 

Futurewei: up to UE and chipset implementation
CHTTL/HW: with 900us switching period, the performance benefit will be impacted.
CHTTL: the switching period does not include the transient period?


CTC: yes

Agreement:
· Based on the input in this meeting, consider different UE capabilities for the length of switching period, including 0us, 35us, 140 us, 900 us.
· Other options are not precluded

· Technical analysis on the numbers are encouraged
· For UEs supporting switching period larger than [X] us, it can be assumed that this UE does not support the Tx switching between two uplink carriers.

· Intend to limit the number of options if possible
· Issue #2: Location of the switching period
· For EN-DC

· Option 1: in NR carrier (China Telecom, Huawei)

· Option 2: UE follows BS schedule (Nokia)
· Options for both UL CA and SUL

· Option 1: semi-statically configured in 1Tx carrier or 2Tx carrier (China Telecom, Huawei)
· Option 2: UE follows BS schedule (Nokia)
· Option 3: on UL carrier without PUCCH with A/N (Huawei)

· Options for UL CA only, but not for SUL
· Option 1: the switching period is placed in 1Tx carrier

· Options for SUL only, but not for CA
· Option 1: the switching period is placed in SUL carrier
ZTE: separate UL CA and SUL 

Chair: what is the technical difference?


ZTE: in UL CA case, there will be two DL carriers.


Chair: is it related to the location of switching period?


HW: no difference w.r.t. the location switching period.


Ericsson: no view whether to separate or together currently


Nokia: there are technical differences.

ZTE: for UL CA, both carriers can carry PUCCH at the same time

Chair: is this common understanding in the room?
ZTE: for SUL, the switching period can only be placed in the SUL carrier
Agreement:
· For the location of the switching period, the following options are for further considerations and down-selection:
· For EN-DC

· Option 1: in NR carrier

· Option 2: UE follows BS schedule

· Options for both UL CA and SUL

· Option 1: semi-statically configured in 1Tx carrier or 2Tx carrier

· Option 2: UE follows BS schedule

· Option 3: on UL carrier without PUCCH with A/N

· Options for UL CA only, but not for SUL

· Option 1: the switching period is placed in 1Tx carrier

· Options for SUL only, but not for UL CA

· Option 1: the switching period is placed in SUL carrier

· Issue #3: Handling of per band combination capability
· Option 1: Define generic switching time mask in RAN4, report UE capability per band combination (China Telecom, Huawei, ZTE, CMCC, Spreadtrum)
· Option 1a: the length of the switching period is the same for “1Tx carrier to 2Tx carrier” and “2Tx carrier to 1Tx carrier” (Huawei)
· Option 1b: the length of the switching period is the different for “1Tx carrier to 2Tx carrier” and “2Tx carrier to 1Tx carrier”
· Option 2: the switching period is 0us, no need to define new capability (Nokia)

Agreement:
· Handling of per band combination capability

· Option 1: Define generic switching time mask in RAN4, report UE capability per band combination 

· Option 1a: the length of the switching period is the same for “1Tx carrier to 2Tx carrier” and “2Tx carrier to 1Tx carrier” 

· Option 1b: the length of the switching period is the different for “1Tx carrier to 2Tx carrier” and “2Tx carrier to 1Tx carrier”
· Option 2: the switching period is 0us, no need to define new capability

· Issue #4: Any timing issue for collocated deployment of the two uplink carriers?
· Option 1: It should be assumed that TX/RX turn around time and TA is additive to the switching time (Qualcomm, Intel)
· Option 2: BS TAE requirement for sharing scenario is needed when sharing is used together with SUL (Ericsson)

Rel-15 specifications of timing and deployment scenarios for sharing and SUL are incomplete. 

Comments were also raised to the extent that other timing and deployment aspects such as e.g. BS site arrangement (co-location), BS TAE for sharing, UL timing alignment inaccuracy and DL timing difference have not been considered for sharing (ULSUP or NW perspective) and SUL in general. It was argued that an assumption of 0 (zero) us reference DL timing reference cannot be assumed. 
· Option 3: No timing issue. (Huawei, China Telecom)
HW: BS TAE requirement is generic to sharing, not related to the switching period discussion. 
CHTTL: the first two options are generic, and not related to the switching period discussion
Intel: need further discussion whether the TX/RX turn around time and TA is within or without the switching period
Agreement:
· Any timing issue for collocated deployment of the two uplink carriers
· Option 1: It should be assumed that TX/RX turn around time and TA is additive to the switching time
· Option 2: BS TAE requirement for sharing scenario is needed when sharing is used together with SUL

· Option 3: No timing issue. 

· Issue #5: RAN2 impact
· For EN-DC

· Option 1: UE capability reporting (China Telecom)

· RAN2 impact need to analyzed once the decision is made (Nokia)
· For UL CA and SUL

· Option 1: UE capability reporting, FFS RRC signaling on which carrier the switching period is placed (China Telecom)

· RAN2 impact need to analyzed once the decision is made (Nokia)

Nokia: RAN2 impact need to analyzed once the decision is made

ZTE: FFS whether the RAN2 impact is similar to SUL and UL CA
Agreement:
RAN2 impact: need to be analyzed once the decision is made
· Issue #6: RAN1 impact

· Option 1: Study the applicability of TDM pattern for UL CA (vivo)
· Option 2: No RAN1 impact (Huawei)
· Option 3: for EN-DC, SUL, TDD+TDD CA, no RAN1 impact (CMCC, China Telecom, Huawei)

· Option 4: RAN1 impact need to analyzed once the decision is made (Nokia)

Huawei: No RAN1 impact in R16

Nokia: analyze the impact based on the technical reasons.
Intel: shall do analysis in RAN1 for option 1 and 4?


Nokia: depends whether there will be a WI

Intel: need a study phase to analyze whether there will be RAN1/2 impact.
Agreement:
No agreement
· Issue #7: How to proceed the work? (depending on the progress on the above technical issues in the meeting)
· Option 1: agree on WF in this meeting, and complete the remaining aspects in the next meeting under TEI16

· Option 2: continue the remaining aspects in UE FR1 RF requirement WI ()
· Option 2a: add the following objective in the WID

Specify UE time mask requirements for Tx switching between 2 UL carriers in FR1
     a study phase to analyze whether there will be RAN1/2 impact
· Option 2b: also add the following objective in the WID (Ericsson)

Should the particular issue of UE switching period between FR1 UL carriers be considered in the RAN4 Rel-16 work plan, then all other outstanding requirements for DL/UL sharing and SUL operation should be covered by the same Rel-16 work item.
· Option 3: no RAN4 requirement on switching period between uplink carriers (Nokia)

Nokia: Other options on the length of switching period cannot be provided if we go with option 3.
Options to be discussed:

Option 1: add the following objective in UE FR1 RF requirement WI 

Option 1a: 

· Specify UE time mask requirements for Tx switching between 2 UL carriers in FR1
· Study if there is any potential impacts on RAN1 and/or RAN2 specifications
Option 1b: 


· Specify UE time mask requirements for Tx switching between 2 UL carriers in FR1
· Study if there is any potential impacts on RAN2 specifications
Option 1c: Follow the wording for “FR2 UE requirements for inter-band UL CA” in UE FR2 RF WID 
· UE time mask requirements for Tx switching between 2 UL carriers in FR1
· Phase 1: Study phase 
· Phase 2: Define UE time mask requirements for Tx switching between 2 UL carriers in FR1 based on the outcome of the Phase 1 study

Option 1d: 

· Specify UE time mask requirements for Tx switching between 2 UL carriers in FR1
Agreement:
Continue offline discussion.
Other issues:
· Issue #8: Power class clarification and reporting impact if consider PC2 in NR TDD 2UL carrier
· Option 1: 
· Issue #9: SAR solutions if consider PC2 in NR TDD 2UL carrier
· Option 1: 
· Issue #10: Release independent possibility
· Option 1: 
· Issue #11: How to handle if operators do not what this?
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