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Introduction
The WI “Multi-carrier enhancements for NR” has been agreed in RAN#94-e and the latest update was approved in RAN#97e [1]. In RAN4#104-e-bis, an LS has been sent out in [2] and a WF document has been agreed for single TAG in [3], in which a number of issues still need further discussion. 
In this contribution, continue discussion was done for single TAG case. 
Discussion
2.1 New capability related issues
Switching period value for Rel-18 compared to Rel-16/17
In last meeting, it has not been decided whether mandate the same switching period for a band pair has the same switching period value in Rel-18 compared to Rel-16/17. The following WF is documented:
Way forward:
For the exact value of Tx switching period for each band pair, further discuss the following options:
· Option 1: Reuse the same switching period for each band pair as UE reported in Rel-16/17, i.e., UE does not need to report new or larger switching period per band pair for Rel-18.
· Note: with the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in the last meeting.
· Option 2: Although the set of switching periods is the same as in Rel-16/17, a different value can be reported for each band pair in Rel-18 band combination with 3/4 bands. 
· Option 3: Option 1 for switchedUL, and option 2 for dualUL
Admittedly, option 1 may be somehow beneficial for network consideration since a unified performance would be ensured between different releases for the same band pair, and the spec would be also simpler since less signaling is introduced. However, this may be more challenging for UE implementation for certain case, since multi-band operation can be more complicated. If option 1 is selected, there is potential risk that for certain implementation, the band pair may not be able to declare Tx Switching for Rel-18 while Rel-16/17 can, this may reduce the flexibility the implementation
Observation 1: Mandate unified switching period requirements between different releases for a certain pair may helpful for unified performance and simpler spec, but at the price of more implementation restriction or reduced use case for Tx Switching.
Proposal 1: Slightly prefer that different values can be reported for its flexibility, but can also consider other compromises for spec/performance simplicity.

Impact from switching of one Tx chain on the other Tx chain
For the case that switching happened between multiple bands, the following issue has been discussed and GTW agreement has been reached in last RAN4 meeting in [3]:
Issue 1-2: Impact on the band with the number of Tx chain unchanged due to switching (Case 2)
Way forward:
· For the impact on the band with the number of Tx chain unchanged due to switching, in addition to the baseline UE assumption agreed in RAN4 #104e, further discuss the two options in the next meeting:
· Option 1: Introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
· Potential proposals on the granularity of the optional UE capability can also be discussed.
· Option 2: Do not define other optional features to allow the other Tx chain to be used for transmission on the band with the number of Tx chain unchanged during the switching period.
For this issue, we think that baseline behavior is basically enough, and more signaling to allow other Tx chain for transmission during the switching period, may considerably impact the complexity. So we still prefer to chose option 2 for this issue and do not define other optional features.
The other issue is actually a similar case, 
Issue 1-2A: Issue of two Tx chains switched between two different band pairs
Way forward:
· When two Tx chains are switched between two different band pairs with different lengths of switching periods, as baseline UE assumption, neither of the two Tx chains is expected to be used for transmission during the larger one of the two switching periods.
· Whether advanced optional UE ability will be considered is related to the discussion in Issue 1-2. 
We also prefer not to define the “advanced” optional UE ability, since this might bring even more complicated situations for the spec.
Observation 2: Define optional features to allow other Tx chain or band pair to be able to used for transmission during the switching period of other band pairs might bring many complexities.
Proposal 2: Prefer not to bring the optional UE capability for Tx chain / band pair to be used for transmission during the switching period of other band pairs. 

2.2 RAN4 RF requirements
Backgroud
There are some debates on the current RAN4 requirements on the applicability of “switchedUL” and “dualUL”, and this problem is still not clear, though there are following agreements reached as following:
GTW Agreement
· Following Rel-16/17 approach, common switching time mask requirements for “switched UL” case and “dual UL” case are to be defined.
· Further discuss whether to define additional requirements for CA option 2, by considering the switching cases to be introduced in RAN1.
Actually, this is a legacy issue starts from Rel-16, and here we would make some more analysis on this issue.

Spec situation for RAN1/2
In RAN2 spec 38.331, there are following two cases {switchedUL, dualUL} as following for configuration from network:
CellGroupConfig ::=                        SEQUENCE {
   ……
    uplinkTxSwitchingOption-r16                ENUMERATED {switchedUL, dualUL}                                         OPTIONAL,   -- Need R
   ……
}
There is no third state for network configuration and it would be either switchedUL or dualUL from Rel-16.
There is following UE capability reporting:
BandCombination-UplinkTxSwitch-r16 ::= SEQUENCE {
   ……
    uplinkTxSwitching-OptionSupport-r16 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL,
   ……
    ...,
}
A UE would have three cases: {switchedUL, dualUL, both}. The ‘both’ option means that UE can be configured to either state, while other two would be restricted to the respective one. 
There is following description for uplinkTxSwtichingOption which is:
uplinkTxSwitchingOption
Indicates which option is configured for dynamic UL Tx switching for inter-band UL CA or (NG)EN-DC. The field is set to switchedUL if network configures option 1 as specified in TS 38.214 [19], or dualUL if network configures option 2 as specified in TS 38.214 [19]. Network always configures UE with a value for this field in inter-band UL CA case and (NG)EN-DC case where UE supports dynamic UL Tx switching.
Unfortunately, there seems still not quite clear a very clear definition of option 1/2 in 38.214, and RAN1 seems not having consensus on new clarification as in [4]. However, it seems that it is common understanding that the configuration of switchedUL would means that the there would be no simultaneous transmission between two bands.
Observation 3: It is common understanding that the configuration of “switchedUL” means that there would be no simultaneous transmission in the two bands that involves Tx Switching.

Spec situation for RAN4
After some analysis, as documented in the summary [5], it is still contentious on the requirements applicability regarding “switchedUL” and “dualUL”. It is still believed that the current requirements are based on switchedUL and not fully consider dualUL support. There are following main problems: 
· For the requirements picture, the transmission is in either band for all cases, and no clear case for simultaneous transmission, which is aligned with “switchedUL” but not “dualUL”;
[image: ]
· For the emphasis of 2 antenna connector/2-layer capability for one of the bands, this actually not quite suitable for the simultaneous transmission on two bands in which case only 1Tx in one band is possible, due to the 3Tx restriction.
Observation 4: Current RAN4 requirements are based on switchedUL and not fully consider dualUL support, especially for the two points:
· Requirements pictures have no case for simultaneous transmission in two bands
· Emphasize for 2 antenna connectors/2-layer support cannot be used in case of simultaneous transmission in two bands

Possible RAN4 Refinements
Considering the Tx switching feature is already defined in Rel-16 and also extended to more cases in Rel-17, it could be tough and unnecessary to do overall rewriting of requirements or adding new pictures. So it is proposed to consider to add some additional clarification sentences for simultaneous transmission in the two bands. There are following observation for the issues need to be addressed for the clarification:
Observation 5: Issues need to be addressed in the clarification:
· The requirements in case of simultaneous transmission in two bands need to be specified / clarified and inline with the behavior defined in 38.214
· 1 antenna connector/ 1-layer for simultaneous transmission need to be mandated
· Unified wording between different test cases is preferred, e.g. band is more preferred than carrier
· The additional clarification should be easy to be extended to Rel-18
Based on those consideration, the following proposal is provided:
“For the UE configured with uplinkTxSwitchingOption set to 'dualUL', in case there are simultaneous transmissions in two bands in a slot/subslot, there is only one antenna port in each band and the switching period requirements in the two bands are the same in the respective slot/subslot.”
This should applicable to the cases defined for the following defined cases for 38.101-1 and also can be a starting point for 38.101-3. 
6.3A.3.3.2	Time mask for switching between two uplink carriers	
6.3A.3.3.3	Time mask for switching between two uplink carriers with two transmit antenna connectors	
6.3A.3.3.4	Time mask for switching between one uplink band with one transmit antenna connector and one uplink band with two transmit antenna connectors	
6.3A.3.3.5	Time mask for switching between two uplink bands with two transmit antenna connectors	
Proposal 3: The following clarification note is proposed for all the switching cases for 38.101-1 and also a starting point for 38.101-3.
“For the UE configured with uplinkTxSwitchingOption set to 'dualUL', in case there are simultaneous transmissions in two bands in a slot/subslot, there is only one antenna port in each band and the switching period requirements in the two bands are the same in the respective slot/subslot.”

[bookmark: _GoBack]Since this is a legacy issue starting from Rel-16, a set of CRs were submitted in the maintenance agenda as [6][7][8][9].
Conclusion
In this paper, continue discussion was done for Tx Switching up to 3 or 4 bands for single TAG case.
Observation 1: Mandate unified switching period requirements between different releases for a certain pair may helpful for unified performance and simpler spec, but at the price of more implementation restriction or reduced use case for Tx Switching.
Observation 2: Define optional features to allow other Tx chain or band pair to be able to used for transmission during the switching period of other band pairs might bring many complexities.
Observation 3: It is common understanding that the configuration of “switchedUL” means that there would be no simultaneous transmission in the two bands that involves Tx Switching.
Observation 4: Current RAN4 requirements are based on switchedUL and not fully consider dualUL support, especially for the two points:
· Requirements pictures have no case for simultaneous transmission in two bands
· Emphasize for 2 antenna connector/2-layer support cannot be used in case of simultaneous transmission in two bands
Observation 5: Issues need to be addressed in the clarification:
· The requirements in case of simultaneous transmission in two bands need to be specified / clarified and inline with the behavior defined in 38.214
· 1 antenna connector/ 1-layer for simultaneous transmission need to be mandated
· Unified wording between different test cases is preferred, e.g. band is more preferred than carrier
· The additional clarification should be easy to be extended to Rel-18

Proposal 1: Slightly prefer that different values can be reported for its flexibility, but can also consider other compromises for spec/performance simplicity.
Proposal 2: Prefer not to bring the optional UE capability for Tx chain / band pair to be used for transmission during the switching period of other band pairs. 
Proposal 3: The following clarification note is proposed for all the switching cases for 38.101-1 and also a starting point for 38.101-3.
“For the UE configured with uplinkTxSwitchingOption set to 'dualUL', in case there are simultaneous transmissions in two bands in a slot/subslot, there is only one antenna port in each band and the switching period requirements in the two bands are the same in the respective slot/subslot.”

A set of CRs were submitted in the maintenance agenda.
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