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Discussion and Decision
1. Introduction

RAN2 has received a LS on UE capability and RRC signalling for Tx switching from RAN4 in R2-2000019 (R4-1916083) [1]. The LS indicates the following RAN4 agreements and requests the corresponding signaling from RAN2:
	In RAN4#93, it is agreed that UE capability to support Tx switching between two uplink carriers should be per pair of uplink bands per UL band combination.

It is also agreed that no more than three Tx switching periods, as UE capability, will be specified. RAN4 is still working to narrow down the options and evaluating system and performance aspects for larger switching periods.

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). 


In this contribution we discuss needed RAN2 signalling aspects and how to implement the RAN4 request in the RAN2 specifications (both in UE capability specification TS38.306 and RRC specification TS38.331). 
2. Change to UE capability specification
In this section we discuss what UE capabilities need to be introduced for Tx switching requested in R2-2000019 [1] and how it should be done.

In addition to the RAN4 LS R2-2000019 [1] RAN4 has also agreed a WF on this Tx switching in R4-1916084 [2]. The agreed RAN4 WF provide further details, which are important to understand when defining the RAN2 signaling. RAN4 has agreed that UE support of Tx switching between two uplink carriers for inter-band EN-DC without SUL (FR1 NR UL and E-UTRA UL), FR1 inter-band UL CA and FR1 standalone SUL is optional for UE (see R2-2000019 [1]) but if UE supports this switching functionality it is also mandated to support both 2-layer UL-MIMO and single-layer transmission following the BS scheduling and rank adaptation (if rank adaptation is applicable), see R4-1916084 [2]. It is also worth noting that the work item objectives in RP-192282 [3] also define that for UL CA and EN-DC the UE supporting Tx switching for enabling 2-layer UL-MIMO transmission on one of the UL carriers also need to support simultaneous single layer transmission using one transmission port on both of the UL carriers. 
As the LS R2-2000019 [1] requests that UE capability for this Tx switching between two uplink carriers should be per pair of uplink bands per UL band combination, we propose that separate UE capabilities for the case that switching is done between two FR1 NR UL carriers in UL CA and standalone SUL cases and for the case that switching is done between FR1 NR UL carrier and E-UTRA UL carrier.  
Proposal 1: Introduce  in TS38.306 two separate UE capabilities for NR UL/SUL-based UL Tx switching and EN-DC-based UL tx switching as shown below):
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.

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.
The RAN4 LS also discusses that RAN4 may introduce more than one Tx switching period and therefore it is possible that an additional UE capability may be needed for Tx switching period as well. However, as indicated in the LS and also visible in the agreed RAN4 WF, RAN4 is still working to narrow down the options and finding suitable switching requirement values. One of the options on the table in RAN4 is also one single switching period, which would not require any UE capability. Therefore, it is premature to start developing any UE capability for switching period until RAN4 has completed its own discussion and provided further information to RAN2.
Observation 1: No UE capability for switching period could be agreed in RAN2 yet as RAN4 is still working to narrow down the number of switching periods and one of the RAN4 options includes only single value for switching period.
Given that Stage-3 will not be considered frozen due to the e-meeting arrangements, capabilities can just as easily be introduced later on (as RAN1 is also only still discussing the exact capabilities for all WIDs). Therefore, we think it’s better to wait for RAN4 decisions before introducing any switching period capabilities.

Proposal 2: RAN2 waits for RAN4 decisions on switching period capabilities before adding them to RRC.
3. Change to RRC specification
3.1
RRC configuration aspects 

The signalling needs to indicate from which UL to which UL the switching occurs. The possible combinations are:

1. (Inter-band) UL1+UL2,  with UL2 switching to UL1 

2. (Inter-band) UL1+SUL1 (i.e. SUL within the same serving cell), with SUL1 switching to UL1
3. E-UTRA UL1 + NR UL2 (i.e. EN-DC case), with E-UTRA UL1 switching to NR UL2
In all of the above cases, the carrier TO which the UL switching is done is always NR UL carrier (i.e. switching NR UL to E-UTRA UL or to SUL is not allowed, only from E-UTRA UL or SUL is allowed).
The UL Tx switching configuration could be introduced to either the FROM-carrier ServingCellConfig, the TO carrier ServingCellConfig or to both. However, considering that it’s the TO-carrier whose operation is affected the most (by allowing UL MIMO), it seems sufficient to only utilize the TO-carrier ServingCellConfig for this.
The location of the Tx switching period (i.e. time when UL is not usable due to switching, see e.g. R4-1914271 [4] for further details on this) in FR1 is configurable by RRC for the first two cases (i.e. inter-band UL and standalone SUL cases) – for the EN-DC case, RAN4 has already agreed that in EN-DC Tx switching period is always located on the NR UL carrier.
Observation 2: For NR FR1 UL Tx switching, the UL Tx switching period may be set to occur on either the FROM-carrier or on the TO-carrier.

Proposal 3: Introduce the UL Tx switching configuration only to the ServingCellConfig of the TO-carrier.

Proposal 4: Introduce network configuration parameter indicating the carrier in which the UL Tx switching period (i.e. UL interruption gap) occurs when UE does the switching. 

3.2
Impacts to the capability signalling 

The UL Tx switching is only supported in FR1 bands – FR2 UL cannot be switched to FR1 or vice versa. This means its capability should have the restriction documented.

As discussed in previous section, separate UE capabilities are needed for UE supporting NR UL/SUL-based UL Tx switching and EN-DC based UL tx switching. However, in all cases, UE must support UL MIMO on the carrier TO which the UL is switched, which needs to be also noted in the UE capabilities.
Observation 3: UE capabilities should document the support of UL MIMO on TO-carrier to clarify how the UL TX switching is utilized.
3.3
Capturing limitations in supported scenarios
Since UE may also support more than 2 UL carriers, network may need to distinguish which UL can be switched to which carrier in both configuration and UE capabilities. 

However, given the Rel-16 timeline, it seems feasible to limit to only 2UL carrier cases and document this restriction in the UE capabilities. If more UL carriers are needed, they can be considered in later releases (as >2UL UEs are likely to be uncommon for some time).

Observation 4: Restricting to to 2UL does not substantially limit the applicability of the feature since it anyway always involves only two UL carriers.

Proposal 5: Restrict the UL Tx switching capabilities to only band combinations that support 2UL in Rel-16.

3.4
Avoiding capability size increase 

Since the UL Tx switching capabilities may differ based on the used band combination, they could be either tagged to each existing band combination or a separate band combination list could be created for them. In either case, capability size may be increase substantially.

To avoid such unnecessary capability size increase, the UL Tx switching capabilities should only be indicated if network requests them, similar to e.g. SRS switching capabilities. It also seems reasonable to also introduce the capabilities in a separate band combination list containing only the exact band combinations where UL TX switching is supported.
Since there will be band combinations wherein UL TX switching is supported for EN-DC, care must be taken that both the LTE and NR capability containers contain consistent featureSetCombinations. To that end, a capability filter needs to be introduced to both NR and the “common” capability filter containers.
Observation 5: The UL Tx switching capabilities are inherently per band combination and could substantially increase the size of the capability signalling.

Proposal 6: The UL Tx switching capabilities are introduced in a separate band combination list that is only signalled to network if the network explicitly requests it.

4. Conclusions
We have discussed the principles required for the introduction of the Rel-16 UL Tx switching feature, with following observations and proposals:
Observation 1: No UE capability for switching period could be agreed in RAN2 yet as RAN4 is still working to narrow down the number of switching periods and one of the RAN4 options includes only single value for switching period.

Observation 2: For NR FR1 UL Tx switching, the UL Tx switching period may be set to occur on either the FROM-carrier or on the TO-carrier.

Observation 3: UE capabilities should document the support of UL MIMO on TO-carrier to clarify how the UL TX switching is utilized.
Observation 4: Restricting to to 2UL does not substantially limit the applicability of the feature since it anyway always involves only two UL carriers.

Observation 5: The UL Tx switching capabilities are inherently per band combination and could substantially increase the size of the capability signalling.
Proposal 1: Introduce  in TS38.306 two separate UE capabilities for NR UL/SUL-based UL Tx switching and EN-DC-based UL tx switching as shown below):

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.

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.

Proposal 2: RAN2 waits for RAN4 decisions on switching period capabilities before adding them to RRC.
Proposal 3: Introduce the UL Tx switching configuration only to the ServingCellConfig of the TO-carrier.

Proposal 4: Introduce network configuration parameter indicating the carrier in which the UL Tx switching period (i.e. UL interruption gap) occurs when UE does the switching. 

Proposal 5: Restrict the UL Tx switching capabilities to only band combinations that support 2UL in Rel-16.

Proposal 6: The UL Tx switching capabilities are introduced in a separate band combination list that is only signalled to network if the network explicitly requests it.
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