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1. Introduction

RAN4#93 agreed a WF on Tx switching between two uplink carriers in [1] and a LS to RAN2 in [2]. Additionally, RAN4#94-e agreed a WF in [5] and a LS to RAN2 and RAN1 in [6] and RAN4#94bis-e agreed a WF in [7] and a LS to RAN2 in [8]. In this contribution we discuss how to capture the RAN4 agreements to the UE requirements and how to conclude one of the main open items for UE RF requirements for UL switching.
2. DL interruptions
RAN4#94-e agreed that for the following band combinations (carrier 1 + carrier 2) no DL interruptions are allowed;

· SUL+TDD

· TDD+TDD CA with the same UL-DL pattern

· TDD+TDD EN-DC with the same UL-DL pattern

After some further discussion RAN4#94bis-e sent a LS to RAN2 in [8] requesting RAN2 to define a new UE capability signaling for the UE to indicate that it requires DL interruptions for certain band combinations. However, as indicated in the LS [8] and the agreed WF in [7] RAN4 should still discuss for what which band combinations DL interruptions should be allowed. It was proposed during the RAN4#94bis-e GTW session that the UE requirement specifications could indicated for which band combinations DL interruptions are allowed to be indicated by the UE. 

As discussed in [11] and also discussed and agreed in RAN4#94bis-e [7], DL interruptions cause significant negative system impacts and especially difficult to handle without severe implications like radio link failures in EN-DC cases. E.g. in EN-DC a TDD pattern may consistently land the DL interruption on the LTE PSS/SSS causing LTE PCell synchronization problems. Also as discussed in RAN4, network based mitigation solutions especially with EN-DC cases are difficult if not impossible to find since this UL switching feature should not impact LTE specifications or implementations. Practically the only solution that could work for the EN-DC cases is that UL switching is not used if DL interruptions are needed. Therefore, it is not meaningful to define UL switching for EN-DC cases if DL interruptions are needed. Thus, RAN4 should clearly specify that DL interruptions are not allowed for any EN-DC band combinations. 

Proposal 1: RAN4 to specify that DL interruptions due to UL Tx switching are not allowed for any EN-DC band combinations.
Considering that also for FDD+TDD CA cases DL interruptions are likely to causes similar negative system implications as in EN-DC case due to loss of PDCCH/CSI-RS/TRS/SSB, it would be important to avoid DL interruptions whenever feasible from the UE implementation perspective. It is also worth noting that so far no analyses have been provided in RAN4 for network based mitigation solutions and how well these solutions could work without a significant re-implementation on how the channels are used with UEs not requiring DL interruption. Therefore, it is important that also for UL CA DL interruptions are only allowed for such band combinations for which it is difficult to avoid DL interruptions in practical UE implementations. 
Proposal 2: DL interruptions are only allowed for band combinations where it is difficult to avoid DL interruptions in practical UE implementations. 
As DL interruption related requirements are specified in the UE RRM specification TS38.133, we see that the constraints for which band combinations DL interruptions are allowed should also be captured in TS38.133.
Proposal 3: Specify in TS38.133 for which band combinations DL interruptions are allowed.

3. UE power class requirements
As part of the Rel-16 Uplink Full Power Transmission discussions under eMIMO, RAN4#94bis-e agreed a WF in [12], where the following agreement was made on UE power class aspect and ambiguity;

	· From Rel-16 and beyond, SA UE declaring PC2 HPUE shall have 26dBm MOP for both 1TX port transmission and 2TX UL-MIMO (if supported)
· For UE with 23dBm+23dBm PA architecture, transparent TxD shall be used to have 26dBm MOP for 1TX port transmission. 
· TBD how the requirements will be specified


When UL Tx switching is enabled, this same UE power class requirement assumptions should be following. This means that the UE has to meet all the UE maximum power requirements of the indicated power class regardless of the transmission mode and number of Tx ports. For instances if in case of UL Tx switching with UL CA the UE indicates PC2 (26 dBm) for both of the bands, the UE has to meet the PC2 (26 dBm) requirements for all of its transmissions without any additional relaxations due to UL switching. To avoid any UE power class ambiguity with UL Tx switching later on it would be important to clarify this in the UE requirements. This can either be done as part of the new time mask requirements for UL switching or alternatively also as part of the UE power class related requirements.
Proposal 4: Agree that with UL Tx switching the UE shall meet all the UE maximum power requirements of the indicated UE power class for all of its transmissions including single layer transmission with 1 Tx port and two-layer transmission with 2-port 
Proposal 5: Define clearly in the UE requirements that also with UL Tx switching the UE shall meet all the UE maximum power requirements of the indicated UE power class for all of its transmissions. 
4. UE Time mask requirements for inter-band UL CA and SUL case
In this section we discuss how to capture the UE time mask requirements for inter-band UL CA and SUL taking into account the RAN4 agreements and RAN1’s approved CR to TS38.214 in [13]. 

In the agreed WF in [7] it was already agreed that the UL CA and SUL related time mask requirements for TS38.101-1 will be included to the UL CA and SUL sub-clauses 6.3A.3 and 6.3C.3 respectively.
TS38.101-1 UE requirements:
In [9] we introduce separate requirement sections for UL CA case and standalone SUL case as some of the underlying requirements are different for UL CA and standalone SUL operations, e.g. no simultaneous transmission is possible for two UL carriers in the standalone SUL operations unlike for UL CA.
In the UL CA time mask requirements we see it important to define two sets of requirements; 1)  to ensure that the UE supports time masks for UL switching and 2) simultaneous single-layer carrier transmissions with one antenna port on both of the two UL carriers when UE has indicated the corresponding UE capability [uplinkTxSwitchingOption2].
Additionally, in the time mask requirements for switching between Case 1 and Case 2 transmissions it is also necessary to take into account the RRC signalling, which indicates on which UL carrier switching period is located. These two time mask requirements for the switching between Case 1 and Case 2 transmissions are illustrated in Figure 1.  Following the RAN4 agreements on UL switching periods and related UE capabilities, the time mask requirements are defined using the new UE UL switching period capabilities. 
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Figure 1: Time mask for switching between single-layer transmissions with one antenna port on two uplink carriers and two-layer transmission with two ports on one of the two uplink carriers configured in different NR bands
For the UE supporting [uplinkTxSwitchingOption2] as agreed by RAN1, the time mask requirements for simultaneous single-layer transmissions with one antenna port on two uplink carriers without allowance for switching and transient periods is illustrated in Figure 2.
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Figure 2: Simultaneous single-layer transmission with one antenna port on two uplink carriers configured in different NR bands without switching and transient periods when the UE supports [uplinkTxSwitchingOption2]
Considering contentious RAN4 discussions before agreeing the WF in [1] we see it important that the UE requirements also ensure that the UE shall follow the BS scheduling and rank adaptation when switching between simultaneous single-layer transmissions with one antenna port and two-layer transmission with two antenna ports on the two uplink carriers.  
UE time mask requirements for standalone SUL operations are similar to UL CA case but for the SUL operations it is necessary to allow switching between NR UL and NR SUL even with single-layer transmission with one antenna port transmission. However, in case of single-layer transmission with one antenna port on both of the carriers no UL switching period or transient period relaxations are allowed. Furthermore, for SUL carrier no UL-MIMO can be supported.
5. UE Time mask requirements for inter-band EN-DC 
RAN1 has not yet agreed Uplink switching functionality for EN-DC in TS38.214. Instead the CR introducing the functionality UL CA and SUL notes for EN-DC “[TBD – no agreements]”. Until the RAN1 has progressed its specification work for EN-DC, RAN4 cannot fully finalize its EN-DC UE RF requirements and approve the CR to TS38.101-3. In this section we, however, discuss how we see that the EN-DC requirements should be defined based on the RAN4 agreements made.
Observation 1: RAN1 has not yet agreed EN-DC functionality in TS38.214.

Similar UE requirements are needed for inter-band EN-DC without SUL as for UL CA, except that UL switching period is always on the NR UL carrier and therefore no RRC signalling is needed as already agreed in RAN4. The inter-band EN-DC time mask requirements for switching between Case 1 and Case2 and for simultaneous single-layer transmission with one antenna port on both E-UTRA and NR UL carriers are illustrated in Figure 3 and Figure 4 respectively. For EN-DC RAN1 has not agreed any UE capability for supporting simultaneous single-layer transmission with 1 Tx port on both of the UL carriers. Therefore, the requirements illustrated in Figure 4  should be defined for all inter-band EN-DC UEs supporting UL Tx switching.
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Figure 3: Time mask for switching between single-layer transmissions with one antenna port on E-UTRA and NR uplink carriers and two-layer transmission with two ports on NR uplink carrier in inter-band EN-DC without SUL
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Figure 4: Simultaneous single-layer transmission with one port on E-UTRA uplink carrier and NR uplink carrier without switching and transient periods in inter-band EN-DC
6. Conclusions
In this contribution we have discussed the remaining open items for UL Switching between case 1 and case 2 for two NR FR1 carriers and make the following proposals and observations:

Proposal 1: RAN4 to specify that DL interruptions due to UL Tx switching are not allowed for any EN-DC band combinations.
Proposal 2: DL interruptions are only allowed for band combinations where it is difficult to avoid DL interruptions in practical UE implementations. 
Proposal 3: Specify in TS38.133 for which band combinations DL interruptions are allowed.

Proposal 4: Agree that with UL Tx switching the UE shall meet all the UE maximum power requirements of the indicated UE power class for all of its transmissions including single layer transmission with 1 Tx port and two-layer transmission with 2-port 

Proposal 5: Define clearly in the UE requirements that also with UL Tx switching the UE shall meet all the UE maximum power requirements of the indicated UE power class for all of its transmissions. 
Observation 1: RAN1 has not yet agreed EN-DC functionality in TS38.214.

The CR proposals capturing the UE requirements into TS38.101-1 and TS38.101-3 are available in [9] and [10].
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