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Introduction
In RAN2#109e meeting the below UL TX Switching issue was discussed, and companies asked more time to discuss the detailed signalling. 
[Post109e#33][R16 Other] UL TX Switching – NR-FR1 (China Telecom) 
      Scope: Progress CRs as far as possible taking into account progress in R4 and R1. 
      Intended outcome: Report, and if possible agreeable CRs
Rapporteur understands according to RAN4 LSs [1][2], RAN2 specs need to be updated to capture 2 aspects:
1. RRC configuration of UL Tx switching location
2. UE capability reporting of UL Tx switching period, which is per pair of uplink bands per UL band combination.
This email discussion focuses on the above two parts to achieve agreeable CRs and has two phases:
· Phase 1: Discussion on signalling design.
· Phase 2: Generation of CRs capturing potential agreements from Phase 1.
Discussion
2.1 RRC configuration of UL Tx switching location 
According to RAN4 agreements, for SUL and UL CA cases, the location can be configured on either carrier of the two UL carriers where Tx switch occurs. For EN-DC case, the location can only be on the NR carrier.
Then at least for UL CA and SUL cases, the location needs to be indicated by RRC signalling. This location configuration can also be taken as an implicit indication from the network that UL Tx switching function is enabled. 
To try to make a generic design, it is proposed to use same IE to indicate for the SUL and CA case. To be more specific, the RRC configuration can be indicated in at least the following two ways:
Option1: to introduce a new IE per UL carrier indicating whether the current UL carrier is the location for UL Tx switching. 
Example:
UplinkConfig ::=                    SEQUENCE {
…
    [[
    uplinkTxSwitchingPeriodLocation-r16     SetupRelease { UplinkTxSwitchingPeriodLocation-r16 }            OPTIONAL    -- Need M
    ]]
}
UplinkTxSwitchingPeriodLocation-r16 ::= ENUMERATED {true}

Option2: to explicitly indicate an uplink pair, including indicating the cell index and UL index for each uplink carrier and also indicating which uplink the location is on. 
Example:
PhysicalCellGroupConfig ::=         SEQUENCE {
…
    [[
    uplinkTxSwitching-r16           SetupRelease { UplinkTxSwitching-r16 }                      OPTIONAL    -- Need M
    ]]
}
UplinkTxSwitching-r16 ::=                  SEQUENCE {
	uplink1-r16									SEQUENCE {
    	cellIndex-r16        INTEGER (0..31)                                          OPTIONAL,   -- Need M
    	carrierIndication-r16              ENUMERATED {sUL, nUL}                                    OPTIONAL,   -- Need M
    	uplinkTxSwitchingPeriodLocation-r16        SetupRelease { UplinkTxSwitchingPeriodLocation-r16 }     OPTIONAL    -- Need M	Comment by MediaTek (Felix): A simple ENUMERATED {true} here is enough 
	},
	uplink2-r16									SEQUENCE {
    	cellIndex-r16        INTEGER (0..31)                                          OPTIONAL,   -- Need M
    	carrierIndication-r16              ENUMERATED {sUL, nUL}                                    OPTIONAL,   -- Need M
    	uplinkTxSwitchingPeriodLocation-r16        SetupRelease { UplinkTxSwitchingPeriodLocation-r16 }     OPTIONAL    -- Need M	Comment by MediaTek (Felix): A simple ENUMERATED {true} here is enough
	}
}
UplinkTxSwitchingPeriodLocation-r16 ::= ENUMERATED {true}
Both options seem to be workable as long as the network only configures 2 uplink carriers, which is in line with current RAN4 agreement. Option 1 is simple, and Option 2 is more future proof but also adds more complexity.
Option3: Introduce a new IE for the UL TO which the UL Tx switching is done. 
Example:
UplinkConfig ::=                    SEQUENCE {
…
    [[
    ul-TxSwitching-r16                  SetupRelease { UL-TxSwitching-r16 }                         OPTIONAL   -- Need M
    ]]
}

UL-TxSwitching-r16 ::=            SEQUENCE {
    ul-TxSwitchUL-Interruption-r16     ENUMERATED {fromCarrier, toCarrier},
    ul-TxSwitchFromServCellIndex-r16   ServCellIndex
}
Here the ul-TxSwitchFromServCellIndex-r16 indicates from which carrier the UL TX switching is done to the carrier where the configuration is used, and the ul-TxSwitchUL-Interruption-r16-field indicates the carrier where the additional UL interruption due to UL TX switching occurs. Both parameters are mandatory since they are always needed if the UL Tx switching is configured, and the parent field is the indication on when the UL Tx switching is configured.

Q1: for UL CA and SUL location configuration, which option is preferred? Or if there are any other alternatives to fulfil the same requirements, it can also be provided.
	Company
	Option1 or Option2?
	Comments

	MediaTek
	Option 2
	We think it is clearer and more straightforward to explicit indicate the 2 carriers that is configured to do UL switching in the cell group configuration. We actually think it is simpler than option 1 and easier to understand. 
Details on the ASN.1 could be further discussed. Our preference is to have the following ASN.1 as example.
UL-TxSwitching-r16 ::=     SEQUENCE {
  ul-TxSwitchCarrier1    
    SEQUENCE { 
      cellindex ServCellIndex,
      carrierIndication ENUMERATED {sUL, nUL}
    },
  ul-TxSwitchCarrier2
    SEQUENCE {
      cellindex ServCellIndex,
      carrierIndication ENUMERATED {sUL, nUL}
    },
  ul-TxSwitchPeriodLocation
    ENUMERATED {carrier1, carrier2}
}


	Nokia, Nokia Shanghai Bell
	Option 3
	Option 1&2 do not seem correct and/or efficient signalling to us:
· In option 1, a single enumeration is not sufficient as it is up to network to determine where the UL switching interruption should occur (i..e. TO- or FROM-carrier). A single enumeration is not sufficient for that, nor does it clearly indicate from which carrier the UL switching is done.
· In option 2, PhysicalCellGroupConfig doesn’t seem like the correct place since the operation is not common among the cell group but is specific to certain (pair of) serving cells. It is also much more signaling-heavy than option 3, with more than double the signalling overhead due to using two serving cell identities.
Generally, the principle for UL TX switching is to enable UL MIMO operation under carrier 2 (i.e. To-carrier for UL). Because of this, at least network has to signal to which carrier the MIMO operation happens, at least that carrier needs RRC configuration. But since the From-carrier is always linked to the To-carrier, that can also be indicated within the To-carrier configuration. 
Therefore, it seems sufficient to centralize all of the UL TX switching configuration in the ServingCellConfig of the To-carrier. That also saves any difficulties with which combination of UL/SUL cvan be used in which case, and it’s automatically clear from which carrier to which carrier the UL Tx switching is done. This is what option 3 does.

	OPPO
	1
	1 is sufficient to support two uplink carrier case.
In other words, unless the UE support UL switching of more than two band-pair for a specific band combination, there is a need to further indicate the band pair for which the switching is to performed. Otherwise, option-1 can already indicate the enabling/disabling of switching and the carrier where the interruption is caused.

	CATT
	Option2
	For Option1 and Option3, the IE UplinkConfig is in “ServingCellConfig” . Thus, it cannot configure the location for UL carrier of Pcell by Option1 and Option3.
Thus, we prefer Option 2 as it’s clear to understand.

	Apple
	Enhancement (Or Alternative) of Option 3
	Option 2 is not needed since only two UL is supported.
The difference between Option 1 and Option 3 is whetehre to differentiate the switching from A to B and from B to A. We think RRC signaling should make a clear configuration and allow different band to accommodate the switching period for different directions.
Option 3 seems can do this. The enhancement we propose is to make a more straightforward configuration, i.e., for each cell, indicate the switching direction (from or to) and whether the switching period location is current cell. There is no need to indicate the cell index of the location since only two UL cells are supported thus the cell index is implied already. 

	Samsung
	3 with simplification
	All options seem working but option 3 seem cleaner approach. However, from the following text in the RAN4 LS,
“In RAN4#92bis, it was agreed that the location of Tx switching period should be semi-statically configured by RRC on one specific carrier of the two uplink carriers, i.e., carrier 1 or carrier 2, in case of SA CA and SUL. For EN-DC, Tx switching period should be always located on the NR carrier (i.e., carrier 2).”
We tend to think there is no need to differentiate ‘to’ and ‘from’. Only thing is to indicate the UL carrier for Tx switching period and associate it with a specific UL carrier. So following would be enough 

UL-TxSwitching-r16 ::=           
    ul-TxSwitchServCellIndex-r16   ServCellIndex



	ZTE
	Option 1
	We think Option 1 works in two uplink carrier scenario, and this is the main case we need to consider in Rel-16.
If we have to consider the case of UE configured with more than two UL carriers, network should explicitly indicate the involved two UL CCs, then the proposal from Samsung seems simpler to us. 

	Qualcomm Incorporated
	Simplified / clarified Option 3
	We are also fine to assume that only two UL CA is supported. So the simplification of option 3 proposed by Apple makes sense, in our view.
We also agree with Nokia that Carrier 1 and Carrier 2 outlined in RAN4 LSs should clearly be configured. But the notion of “to-“ and “from-“ carriers does not seem very clear, because both carriers can be “to-“ and “from-“ depending on the scenario. For example, carrier 1 can be “to-“ carrier in case of transition from case 2 to case 1.

	Huawei
	Option1
	We share the same understanding with OPPO that option1 is enough in R16.
In R16, a UE can be configured with at most 2 uplinks, therefore there is no ambiguity between which two uplinks the UL Tx switching to be occurring. And in order to indicate UE which uplink has this switching period, we can put an indicator in the IE uplinkConfig of that uplink. And both of spCell and SCell use this uplinkConfig IE to configure uplink, so option1 is workable for all the cases involving spCell and/or SCell.
For switching direction, in RAN4 LS R4-1913040 which is sent to RAN1, it clearly says The same length of switching period for switching from case 1 to case 2 and from case 2 to case 1. So we do not see the need to differentiate the switching direction.

	Ericsson
	(Simplified) Option 3
	Option 3 would be ok, considering the simplification suggested by Apple. 



The comments are summarized as below:
-3 companies preferred Option1
-2 companies preferred Option2
-5 companies preferred Option3 or its simplification. Nokia proposed Option3. Apple proposed a simplification of Option3 and have 2 supporters. Samsung proposed another simplification of Option3 without indicating switching direction. 
In summary, 8 companies (Option1 and Option3 supporters) in 10 preferred to introducing a new IE in Uplinkconfig. 7 companies (Option2 and Option3 supporters) in 10 preferred to indicate the carrier pair clearly which is configured to do UL switching. 
Considering comments for Q1, we propose Q1-a and Q1-b as following for RRC configuration of UL Tx switching location for UL CA and SUL cases,
Proposal Q1-a: to introduce a new IE in Uplinkconfig indicating whether the current UL carrier is the location for UL Tx switching. 
Proposal Q1-b: the carrier pair that is configured to do UL switching needs to be indicated.

For EN-DC case, the location can only be on the NR carrier, so the UE does not need to indicate the location explicitly by RRC signalling. But this location configuration can also be taken as an implicit indication from the network that UL Tx switching function is enabled. In this case the above new IE can also be reused by EN-DC case, with restriction that the location can be only configured on NR carrier.
Q2: for EN-DC case, do companies agree to reuse the location IE introduced for UL CA and SUL cases, as an implicit indication from the network that UL Tx switching function is enabled?
	Company
	Yes/No
	Comments

	MediaTek
	See comments
	If we go for option 2 of Q1, the NW could explicit indicate the E-UTRA serving cell ID in the configuration. There is no need to use implicit way.
Another alternative is also to have some configuration in 36.331 for EN-DC. We are open for that alternative too. 

	Nokia, Nokia Shanghai Bell
	See comments
	Explicit signalling to activate the UL Tx switching is necessary in any case – it’s up to network to activate the feature for UE.
For EN-DC, RAN4 agreed that the only mapping possible is from LTE to NR. And if we adopt option 3 from Q1, the configuration is anyway done for the NR serving cell, so the same configuration applies naturally. Thus, this serves as the explicit configuration of UL Tx switching and doesn’t require anything additional to the normal framework (nor does it require anything new to 36.331). 

	OPPO
	Yes
	

	CATT
	See comments
	Share the same view as MediaTek. If we use Option 2 as Q1 also for EN-DC case, it already has the explicit indication to the E-UTRA serving cell ID in the configuration which means the UL Tx switching function is enabled for this E-UTRA serving cell.

	Apple
	No, and See comments
	For EN-DC configuration, if UE switches from LTE to NR band, the switch period will always locate in NR band. And note that currently for EN-DC, Rel-16 only supports one UL in NR (except for EN-DC with SUL case, which is out of scope).
If as rapporteur says this is only to enable this feature from NW side, we think if the filter for UL switching (Q5) can be adopted, there is no need to have any other indication.

	Samsung
	See comments
	Agree with Nokia that the signalling is anyway there and no need to differentiate

	ZTE
	Agree for Option 1
	This works in Option 1. 
For Option2&3, we are afraid the SN does not know the servingCellIndex of LTE serving cells in EN-DC, so network (SgNB) is unable to configure LTE serving cell index in Option 2 & 3. 

	Qualcomm Incorporated
	See our comment.
	Not only the switching period, we also need to configure Carrier 1 and Carrier 2 anyway.

	Huawei
	Option 1
	We understand that in EN-DC case, only this case is in scope wherein there is only one uplink in LTE side, and only one uplink in NR side. And according to RAN4 LS, the switching period will only occur on NR uplink, so there is no ambiguous about uplink pair or period location. 
Then the point is whether a UE needs to know that network will use this UL Tx switching feature, so that the UE can do some preparation. Our view is that even if network requests the UE capability of this feature by sending filter, it doesn’t mean this feature will certainly enabled. So it would be better to indicate UE using RRC signalling, and reusing the location configuration is an easier way.  

	Ericsson
	See comments 
	It seems the intention of the question is more to conclude whether the same configuration discussed in Q1 can be applied for EN-DC case? If this is the intention, then yes – the signalling should work for all the cases. 



The comments depend on the choice for Q1, which leads to various specific comments for Q2. In summary, 9 companies in 10 thought the same configuration discussed in Q1 can be applied for EN-DC case.
Considering comments for Q2, we propose Q2-a as following for RRC configuration of UL Tx switching location for EN-DC case, 
Proposal Q2-a: the same configuration for UL CA and SUL cased is applied for EN-DC case.

2.2 UE capability reporting of UL Tx switching period 
According to RAN4 LS, UL Tx switching period should be reported per UL band pair per UL band combination. Assuming there is a BC A+B+C, the switching time between A and B is 35us, A and C is 140us, this requires a list of switching time for each band pair under the BC A+B+C. This is similar as what we have done for SRS carrier switching defined as srs-SwitchingTimesListNR and srs-SwitchingTimesListEUTRA in 38.331 and 38.306. 
The most straight forward way is to use similar structure for reporting for UL Tx switching period.
Option 1: under a particular BC for each band, to include UL Tx switching period for each entry of the other bands.
Q3: Do companies agree with Option 1? Or if there are any other alternatives to fulfil the same requirements, it can also be provided.
	Company
	Yes/No
	Comments

	MediaTek
	See comments
	[bookmark: _Hlk37107897]I am not so sure I understand the question. Is it already clear in RAN4 LS that we should define the capability per UL band pair for each UL band combination? Or are we discussing whether to use similar structure as srs-SwitchingTimesListNR?   

	Nokia, Nokia Shanghai Bell
	No
	So far RAN4 has assumed that the UL TX switching is from only one UL to another UL within a BC. This is also what UE must indicate in the capabilities. Hence, it’s sufficient to have support per BC, i.e. UE only support a single band-pair for UL TX switching.
The difference to SRS carrier switching is also that here the UL Tx switching is always done to a carrier with configured UL, whereas in SRS carrier switching UL is switched to a DL-only carrier (i.e. no UL). Hence, the capabilities are not the same so the structure has to be reconsidered.

	OPPO
	No
	For a band combination, it is sufficient to report it for a single band pair for which UL switching is supported, instead of per band pair.

	CATT
	Yes
	According to the RAN4 LS, we should define the capability per UL band pair for each UL band combination. Thus, it can use similar structure as srs-SwitchingTimesListNR.

	Apple
	Yes
	The question may not be clear enough. But if our understanding is correct, we think for the BC with three bands (e.g, CA_n1_n3_n41 in Rel16 38.101-1 spec), where UL configuraiton can support all the combos with any two bands (n1_n3/n1_n41/n3_n41 in Rel-16 38.101 spec), the UL switching period for each UL pair should be indicated. 
Therefore, we believe for such band combinations, for each band, UE needs to report UL Tx switching period for each entry of the other bands. With the BC example (CA_n1_n3_n41), for n1, UL Tx switching periods for n3 and n41 are reported. For n3, UL Tx switching period for n41 is reported. Note that for n3, UE does not need to repeat the UL Tx switching period for n3_n1 pair.

	ZTE
	Yes
	Same view with Apple.

	Qualcomm Incorporated
	Yes
	Some kind of band pair signalling is needed. We may also have to distinguish Carrier 1 and Carrier 2 in UE capability.

	Huawei
	Yes
	Share same view with CATT and Apple, that the similar structure as srs-SwitchingTimesListNR can be used for switching period, which is, e.g. for BC A+B+C supporting UL Tx switching, the switching periods for A+B, B+C and A+C can be reported.

	Ericsson
	Yes, but
	We think this indication would need to include only a single UL Tx switching period and the corresponding index of another band within the BC. This would be sufficient considering only one UL band pair in the BC would support the feature. 
Even if one considers a list, as for srs-SwitchingTimesListNR, we should have a way to indicate those switching times only for the cases where the UE can support the switching – the design of SwitchingTimesListNR implies that the UE must support the switching for all band entries in the band combination. 



In summary, 6 companies in 9 agreed with Option1 for Q3. Based on the comments, we have the following proposal:
Proposal Q3-a: under a particular BC for each band, to include UL Tx switching period for each entry of the other bands, as similar as srs-SwitchingTimesListNR’s structure. 

Another point to be discussed is in which high level to extend the capability. It should be mentioned that other capabilities, e.g. parameters in feature set might be different when the UE supports UL Tx switching. Therefore to introduce a new band combination list to only include the band combination that UL Tx switching supported should be the right way forward. In this case, all the UE capabilities associated with UL Tx switching can be reported in a clean manner. Otherwise there might be interoperability issue between the new UEs and legacy gNBs. For example, without supporting UL Tx switching, the maximum SRS numbers supported by the UE on Band A and Band B are both 1; while when UL Tx switching is supported, the maximum SRS number on Band A is 1 and the maximum SRS number on Band B is 2. In this case the UE needs to indicate two sets of UE capabilities. Otherwise, if the UE only indicates 1+2 for A+B and the support for UL Tx switching, the legacy gNB does not understand the new added UL Tx switching supporting capability and would assume the UE support 1+2 for Band A+B without supporting UL Tx switching, which is not the case. This would lead to RRC configuration failures. 	Comment by MediaTek (Felix): To clarify, do you mean that the “when UL Tx switching is enabled, the maximum SRS number on Band A is 1 and the maximum SRS number on Band B is 2”.
Option1: to introduce a new band combination list, under which the UE capabilities associated with UL Tx switching are reported.
Example ASN.1 for this (based on R2-2000870):	Comment by Nokia, Nokia Shanghai Bell: Added to illustrate how option 1 can be accomplished in more concrete terms
UE-CapabilityRequestFilterNR ::=            SEQUENCE {
    frequencyBandListFilter                     FreqBandList                          OPTIONAL,   -- Need N
    nonCriticalExtension                        UE-CapabilityRequestFilterNR-v1540    OPTIONAL
}

UE-CapabilityRequestFilterNR-v1540 ::=      SEQUENCE {
    srs-SwitchingTimeRequest                    ENUMERATED {true}                     OPTIONAL,  -- Need N
    nonCriticalExtension                        UE-CapabilityRequestFilterNR-v16xySEQUENCE {}                           OPTIONAL
}

UE-CapabilityRequestFilterNR-v16xy ::=      SEQUENCE {
    ul-TxSwitchingRequest-r16                   ENUMERATED {true}                     OPTIONAL,  -- Need N
    nonCriticalExtension                        SEQUENCE {}                           OPTIONAL
}

RF-Parameters ::=                   SEQUENCE {
    supportedBandListNR                 SEQUENCE (SIZE (1..maxBands)) OF BandNR,
    supportedBandCombinationList        BandCombinationList                         OPTIONAL,
    appliedFreqBandListFilter           FreqBandList                                OPTIONAL,
    ...,
    [[
    supportedBandCombinationList-v1540  BandCombinationList-v1540                   OPTIONAL,
    srs-SwitchingTimeRequested          ENUMERATED {true}                           OPTIONAL
    ]],
    [[
    supportedBandCombinationList-v1550  BandCombinationList-v1550                   OPTIONAL
    ]],
    [[
    supportedBandCombinationList-v1560  BandCombinationList-v1560                   OPTIONAL
    ]],
    [[
    ul-TxSwitchingRequested-r16         ENUMERATED {true}                           OPTIONAL,
    ul-TxSwitchBandCombinationList-r16  UL-TxSwitchBandCombinationList-r16          OPTIONAL
    ]]
}

RF-ParametersMRDC ::=                   SEQUENCE {
    supportedBandCombinationList            BandCombinationList                 OPTIONAL,
    appliedFreqBandListFilter               FreqBandList                        OPTIONAL,
    ...,
    [[
    srs-SwitchingTimeRequested              ENUMERATED {true}                   OPTIONAL,
    supportedBandCombinationList-v1540      BandCombinationList-v1540           OPTIONAL
    ]],
    [[
    supportedBandCombinationList-v1550      BandCombinationList-v1550           OPTIONAL
    ]],
    [[
    supportedBandCombinationList-v1560      BandCombinationList-v1560           OPTIONAL,
    supportedBandCombinationListNEDC-Only   BandCombinationList                 OPTIONAL
    ]],
    [[
    supportedBandCombinationList-v1570      BandCombinationList-v1570           OPTIONAL
    ]],
    [[
    supportedBandCombinationList-v1580      BandCombinationList-v1580           OPTIONAL
    ]],
    [[
    ul-TxSwitchingRequested-r16             ENUMERATED {true}                   OPTIONAL,
    ul-TxSwitchBandCombinationListMRDC-r16  UL-TxSwitchBandCombinationList-r16  OPTIONAL
    ]]
}

UL-TxSwitchBandCombinationList-r16 ::=       SEQUENCE (SIZE (1.. maxBandCombUL-TxSwitching-r16)) OF UL-TxSwitchBandCombination-r16

UL-TxSwitchBandCombination-r16::=            SEQUENCE {
   bandCombination                     BandCombination, 
   bandCombination-v1540               BandCombination-v1540                       OPTIONAL, 
   bandCombination-v1550               BandCombination-v1550                       OPTIONAL, 
   bandCombination-v1560               BandCombination-v1560                       OPTIONAL, 
   bandCombination-v1570               BandCombination-v1570                       OPTIONAL, 
   bandCombination-v1580               BandCombination-v1580                       OPTIONAL, 
   ul-TxSwitchNR-r16                   UL-TxSwitch-ParametersNR-r16                OPTIONAL,
   ul-TxSwitchMRDC-r16                 UL-TxSwitch-MRDC-Parameters-r16             OPTIONAL
}

UL-TxSwitch-ParametersNR-r16 ::=           SEQUENCE {
    ul-TxSwitchingInterBandUL-NR-r16             TxSwitchingCarrierPair-r16         OPTIONAL
}

TxSwitchingCarrierPair-r16 ::=   SEQUENCE {
	bandIndexFrom-r16                            INTEGER(1..32),
	bandIndexTo-r16                              INTEGER(1..32)
}

UL-TxSwitch-MRDC-Parameters-r16 ::=           SEQUENCE {
    ul-TxSwitchingEUTRA-NR-r16          TxSwitchingCarrierPair-r16          OPTIONAL
}


Option 2: Define UL TX switching related capability as an extension parameters for current band combination (i.e. similar to the introduction of srs-SwitchingTimesListNR and srs-SwitchingTimesListEUTRA, no new band combination list with full parameters is introduced)
Q4: Do companies agree with Option 1? Or if there are any other alternatives to fulfil the same requirements, it can also be provided.
	Company
	Yes/No
	Comments

	MediaTek
	No, prefer option 2
	We believe the general practice is to add new capability as an extension of current parameters. We are not sure why a new full band combination list is required for this particular feature.
We do not understand the example “, without supporting UL Tx switching, the maximum SRS numbers supported by the UE on Band A and Band B are both 1; while when UL Tx switching is supported, the maximum SRS number on Band A is 1 and the maximum SRS number on Band B is 2”. 
The meaning of legacy capability field should not be changed due to the support of the UL TX switching. If the UE has enhanced its UL MIMO capability in order to support UL TX switching, it is OK to report its enhanced UL MIMO capability even to legacy gNB. This enhanced UL MIMO capability should work with or without UL TX switching. 
If the UE supports some enhanced UL MIMO capability only after the UL TX switching is enabled, new parameter other the “switching period” may be needed. In this case, we would need RAN4 guide on which parameters are changed after enabling UL TX Switching. 

	Nokia, Nokia Shanghai Bell
	Option 1
	We prefer to create a new band combination list for UL Tx switching as this is anyway something that not all networks may implement, and it should be up to network where to request those capabilities.
Having a separate list allows to minimize the impact to UE capability signalling (e.g. on capability size). Also, it may often be the case that UE only supports the UL Tx switching for certain fallbacks of overall band combinations, so anyway UE would have to indicate some fallbacks to allow network to klnow this. Hence, a separate list is better as it allows network to query only that part if necessary.
Note: We also added an example ASN.1 from our previous contribution to illustrate how this could be done to Option 1 above.

	OPPO
	Option-1
	We agree this would be the cleanest way to avoid non-backwards compatibility at network side.
(some misc. issues on the example option-1: 1) since CA-ParametersNR-v1550 is dummy, we wonder if bandCombination-v1550 is needed; 2) as indicated in 2.3 below, we wonder if the granularity of switching operation is per-band, i.e., the naming of variable with “…carrier…” may not be rigorous.)

	CATT
	Option-1, but…
	Option1 is a clear manner to report the UE capabilities for UL Tx switching, but it will introduce signalling overhead. Thus, we need carefully check which UE capability may be different when the UE supports UL Tx switching and only include those UE capabilities in the new band combination list with UL Tx switching.

	Apple
	Neither (see comment)
	Firstly, we fully understand the rapporteur’s statement that some UE capability may be changed after UL switching. Two typical UE capabilities are supportedSRS-TxPortSwtich and MIMO layer. For example, for band A+B before UL switching, the TxPortSwitch may be t1r2 and t1r2; and after UL switching it could change to t0r2 and t2r2. Similar change applies to MIMO layer.
Secondly, we want to confirm the purpose of Option 1 is to report two sets of UE capabilities for the same band combination, one for “without UL switching” and one for “with UL switching”. Our concern on Option 1 is the necessity of repeating all the UE capabilities (whole band combinationlist IE from Rel-15) for UL switching. 
To reduce the signaling overhead, we would like to propose another option, where only the featuresetcombination with UL switching and supportedSRS-TxPortSwitch are included in a new/separate UE capability container dedicated for UL switching. In the legacy container, the conventional featuresetcombination with UL switching and supportedSRS-TxPortSwitch without UL switching is carried among other UE capabilities. We also agree we might need to consult with RAN4 and RAN1 for confirmation.

	Samsung
	Option 1
	Both might be fine but option 1 would be cleaner.

	ZTE
	Option 1
	We think the UE may only support UL Tx switching for specific band pair in a band combination, not all band pairs. So, we are ok to introduce new band combination list for reporting UL Tx switching capability. 
And similar to SRS carrier switch capability reporting, the UE can send the capability upon network request. 

	Qualcomm Incorporated
	Option 1
	This feature is a reduced UL CA and using the existing band combination list may end up in signalling the regular UL CA capability from the legacy network perspective.

	Huawei 
	Option 1
	To have a separate place to report the enhanced UE capability with UL Tx switching operation would be clearer and have no misalignment between network and UE, because only R16 gNBs can read this part of capabilities whereas legacy gNBs cannot, so that the legacy gNB would not misunderstand the capabilities relate to Tx switching.
In addition, option1 has better future-proof, e.g. if there are new UE capabilities introduced in R16 or future releases which are also affected by the UL Tx switching, we can easily include those parameters in this separate BC list. 

	Ericsson
	Option 2
	We should mainly discuss how to signal the UL TX switching capability – i.e. to enable the UE to indicate for a given BC (for which it supports UL CA) that it can also support UL TX switching. Whether there is any additional functionality that the UE would support when UL TX switching is enabled it can be discussed after RAN4 feedback. 



In summary, 
· 7 companies in 10 agreed with Option1. 
· 2 companies agreed with option2. 
· Besides option 1 and option2, Apple proposed another option, where only the featuresetcombination with UL switching and supportedSRS-TxPortSwitch are included in a new/separate UE capability container dedicated for UL switching.
Based on the majority’s comments, we have the following proposal:
Proposal Q4-a: to introduce a new band combination list, under which the UE capabilities associated with UL Tx switching are reported.

To avoid signalling overhead, if the network support this feature, it can request the UE to report the corresponding UE capability by using filter, which can avoid unnecessary reporting signalling. The UE capability filter can also be used for UL Tx switching capability reporting.
Q5: Do companies agree to use UE capability filter for UL Tx switching capability reporting?
	Company
	Yes/No
	Comments

	MediaTek
	Yes
	It seems that the size for reporting this UL TX switching (per pair band per BC) is not small. Thus it may be good to have some NW enquiry for reporting this capability.

	Nokia, Nokia Shanghai Bell
	Yes
	To keep the UE capability size in check, it should be up to network whether to request UL Tx switching capabilities.

	OPPO
	Yes
	Filter is helpful to saving signalling overhead as usual.

	CATT
	Yes
	To reduce the signalling overhead, the filter can be used to limit the UE capability size.

	Apple
	Yes
	Filter is fine.

	Samsung
	No strong view 
	From Release 16, We have multiple means to mitigate the excessive size of UE capability. We don’t need to introduce additional filter every time new capability is introduced. 
Anyway, either is fine and we can accept majority view

	ZTE
	Yes
	

	Qualcomm Incorporated
	Yes
	

	Huawei
	Yes
	

	Ericsson
	No
	At the end regardless of having a filter or not, we should aim to keep the signalling design to a reasonable size. Hence it is not clear to us that adding a filter would have a benefit in this case, it seems it would just imply in unnecessary complexity.



In summary, 
· 8 companies in 10 agreed to use UE capability filter. 
· 1 company has no strong view. 
· 1 company is against to adding a filter.
Considering the majority, we have the following proposal:
Proposal Q5-a: to use UE capability filter for UL Tx switching capability reporting.

2.3 Other 
Q6: Do companies have any other issues? If so, they can be provided below.
	Company
	Issues
	Comments

	Nokia
	UL MIMO support
	RAN4 has agreed that UE always supports UL MIMO on the carrier to which UL Tx switching is done – this needs to be captured in the UE capabilities – we would propose the following (based on R2-2000871) as shown by the highlighted part:
	ul-TxSwitchingInterBandUL-NR
Indicates for inter-band NR uplink Carrier Aggregation and standalone SUL operations whether the UE supports switching between single-layer transmissions with one antenna port on two NR uplink carriers configured in different NR bands and two-layer transmission with two antenna ports on one of the NR uplink carriers configured as defined in TS38.101-1. For inter-band NR uplink Carrier Aggregation, the UE supporting this switching shall also support simultaneous transmission of single-layer transmissions with one antenna port on both of the NR uplink carriers configured in different NR bands as defined in TS38.101-1.
UL indicating this capability shall also indicate UL MIMO capability for the band entry to which the UL Tx switching is done.
	BC
	No
	No
	No



	ul-TxSwitchingEUTRA-NR
Indicates for inter-band EN-DCon whether the UE supports switching between single-layer transmissions with one antenna port on E-UTRA and NR uplink carriers configured in different bands and two-layer transmission with two antenna ports on the NR uplink carrier as defined in TS38.101-3. The UE supporting this switching shall also support simultaneous transmission of single-layer transmissions with one antenna port on the E-UTRA and NR uplink carriers configured in different bands as defined in TS38.101-3.
UL indicating this capability shall also indicate UL MIMO capability for the NR band entry to which the UL Tx switching is done.
	BC
	No
	No
	No




	OPPO
	To clarify the operation of UL switching is per carrier pair or per band pair
	As described in the LS from RAN4, the operation of UL switching is between carrier 1 and 2, yet our understanding is UL switching is at least a per-band operation: e.g., in case that the UE support band combination A + B, where band A contains carrier 1 and 3, band B contains carrier 2 and 4, the UL switching between 1 and 2 would also affect carrier 3 and 4 as well. It is good to clarify that by LS reply to RAN4, since from RAN2 perspective, we may need to clarify this for UE capability reporting and also configuration (e.g., the capability and configuration take effect for all cells for the concerned band pair).
Furthermore, for the comment from Nokia above – for the following text “For inter-band NR uplink Carrier Aggregation, the UE supporting this switching shall also support simultaneous transmission of single-layer transmissions with one antenna port on both of the NR uplink carriers configured in different NR bands as defined in TS38.101-1.”, and “The UE supporting this switching shall also support simultaneous transmission of single-layer transmissions with one antenna port on the E-UTRA and NR uplink carriers configured in different bands as defined in TS38.101-3.” We wonder whether for the part above, it seems still pending RAN1/4 conclusion, on whether the simultaneous transmission is supported.

	Apple
	
	To share some understanding on the comments from Nokia and OPPO:
1) For the point raised up by Nokia, we also think RAN1 is still discussing which Option to go. Let’s see what happens.
2) For OPPO comment, currently for UL, Rel-16 spec only supports inter-band CA with single carrier on each band. Thus for UL, the issue does not exist. For DL, our understanding is worst case is the interruption to Rx due to UL swtiching can apply to all the DL carreirs in the band combination. RAN4 is still discussing this and we should wait for their decision.

	Huawei
	
	We also would like to share some views on the issues raised by Nokia and OPPO.
Regarding the comment from Nokia, we understand in RAN4 LSs, there is no RAN2 action asked for to capture any UL transmission constrains related to UL MIMO or port number. Therefore, we don’t think RAN2 needs to capture the UE behaviour for UL Tx switching, we can just refer to RAN4/RAN1 specs for that.
Regarding the comment from OPPO, based on RAN4 LS in R4-2002816, for DL interruption, there is no RRC configuration impact. RAN2 only needs to capture the corresponding UE capability reporting after RAN1 and RAN4 confirmation.

	Nokia, Nokia Shanghai Bell
	Some basic assumptions should be clarified
	· Distinction between “To” and “From” carriers: There is an inherent asymmetry between the UL carriers with this feature: If one reads the WI on this (see RP-192282), this is what the objectives state: 
[image: ]

As should be obvious, Case 1 is the current operation, and the intent is to enable Case 2 operation (which is not possible currently). This is also what implies the UL MIMO operation – that is what 2Tx on a carrier is meant for, and why we would like to capture this clearly. We are not fixed on any specific terminology as long as that is clear, though, but it seems to us that many proposals that state it is only necessary to have a single flag for one carrier are missing the point: If there is only a single flag, is that for carrier 1 or for carrier 2? At least to us that was very unclear for Q1/Option1, and no reply so far has elaborated on that. Regardless of which option is chosen, the roles of the carriers need to be clear - even though the switching happens from Case 1 to Case 2 and then back from Case 2 to Case 1, the carriers are NOT equivalent due to the inherent asymmetry of the Tx operation and that needs to be clearly captured. 
· Putting configuration only to “To”-cell (i.e. carrier 2) in Q1/Option3: Our point here was to minimize the amount of configuration signalling that is needed. As we point above, carrier 2 is where “new” operation is desired, so all configuration could be put there. 
· Configuration of the additional switching gap: I would like to remind that RAN4 explicitly told RAN2 that the switching gap may occur on either carrier 1 or carrier 2, and this is up to network configuration (since it also affects network scheduling). This is the exact statement that was mentioned in the LS R2-2000043 (emphasis mine): “In RAN4#92bis, it was agreed that the location of Tx switching period should be semi-statically configured by RRC on one specific carrier of the two uplink carriers, i.e., carrier 1 or carrier 2, in case of SA CA and SUL. For EN-DC, Tx switching period should be always located on the NR carrier (i.e., carrier 2). “
· Switching applicability and relation to DCI: One final thing to note is that the UL Tx switching itself is not semi-statically activated but only activated upon DCI reception: Hence, the RRC configuration only indicates that UE should monitor the presence of the DCI, and if received, act according to the RRC configuration, which needs to be accounted in the RRC field descriptions.



Until now, there’s no issue we can achieve a mainstream proposal. Some of the proposed issues are further details for Q1-Q5. We suggest keeping the list issues proposed in Q6 open and FFS. 
[bookmark: _GoBack]
2.4 Capturing achieved proposals into CRs (phase 2 discussion)
For RRC configuration of UL Tx switching location, according to Proposals Q1-a, Q1-b and Q2-a, the alternatives offered by Apple and Samsung both working well. Considering we only discuss two uplink carriers scenario in R16, we choose to configure Uplinkconfig of both carriers as Apple’s alternative. 

For UE capability reporting, according to Proposal Q3-a, the structure which is similar as srs-SwitchingTimesListNR is adopted. 
-The comment on Q3 that UE only support a single band-pair for UL TX switching, seemed not right. The capability is clearly in the LS as per pair of uplink bands per UL band combination. We should not restrict UE capability to only supporting a single band-pair for UL TX switching. 
-The comment on Q3 that indicating those switching times only for the cases where the UE can support the switching, is effective. However, it meant that we need specially report e.g., the band pair index information to identify the specific pair supporting UL Tx switching. 
-By comparison, the structure as similar as srs-SwitchingTimesListNR is a good reference for reporting capability per pair per band combination. For the band combinations supporting UL Tx switching, all the band pair of each band combination are traversed to indicate the capability of uplink Tx switching period. If one band pair does not support the Tx switch, the item will be empty. 

According to Proposal Q4-a, as Nokia’s example, a new BC list is introduced with full parameters. BandCombination-v1550 was not included based on the correct comment.

According to Proposal Q5-a, UE capability filter for UL Tx switching capability reporting is introduced.

Summary
Considering majority’s comments, we have the following proposals in summary for Q1-Q5:
Proposal Q1-a: to introduce a new IE in Uplinkconfig indicating whether the current UL carrier is the location for UL Tx switching. 
Proposal Q1-b: the carrier pair that is configured to do UL switching needs to be indicated.
Proposal Q2-a: the same configuration for UL CA and SUL cased is applied for EN-DC case.
Proposal Q3-a: under a particular BC for each band, to include UL Tx switching period for each entry of the other bands, as similar as srs-SwitchingTimesListNR’s structure. 
Proposal Q4-a: to introduce a new band combination list, under which the UE capabilities associated with UL Tx switching are reported.
Proposal Q5-a: to use UE capability filter for UL Tx switching capability reporting.
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