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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]. In this contribution we discuss how to capture the RAN4 agreements to the UE requirements and how to conclude the remaining open items in RAN4.
2. UE requirements
In this section we discuss how to capture the following UE RF requirements agreements made in [1] in TS38.101-1 and TS38.101-3. The corresponding CRs to TS38.101-1 and TS38.101-3 are presented in [5] and [6] respectively.
	· Type of new RF requirement
· Define requiremnet for switching period and transient period, and verify that UE supports switching period being located on either one of the NR FR1 UL carriers (i.e., for UL CA and SUL)
· Define time mask requirement, and no other RF requirements will be defined. RAN1 feedback will be taken into account when defining UE RF requirements.
· For UE supporting UL Tx switching, it is mandated to support 2-layer UL-MIMO transmission and single-layer transmission on carrier 2 following the BS scheduling and rank adaptation (if rank adaptation is applicable).


Also, the following RAN4 agreement on UE power class has been added to the same new time mask requirements as the above-mentioned agreed UE requirements. However, UE power class related aspects could also be considered in the UE power class related sections in TS38.101-1 and TS38.101-3.
	· Power class declaration will NOT be changed between case 1 and case 2. 

· Rel-16 power class singling will be followed for Tx switching between case 1 and case 2. 


TS38.101-1 UE requirements:
In [5] we introduced 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 to ensure that the UE supports both simultaneous single-layer carrier transmissions with one antenna port on both of the two UL carriers and switching between simultaneous single-layer transmissions with one antenna port on the two UL carriers and two-layer transmission with two antenna ports on one of the UL carriers. 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 IE ‘ul-TxSwitchApplicability’ [7], which indicates on which UL carrier switching period is located. The two time mask requirements for the switching between Case 1 and Case 2 transmissions are illustrated in Figure 1. Since the switching period is not yet decided, it is still marked as TBD in the requirements. 
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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
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
Considering contentious RAN4 discussions before agreeing the latest 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. Also, the UE power class requirements with single antenna port and two antenna ports have recently been extensively discussed in RAN4 and what UE relaxations could be allowed in Rel-15. In order to avoid further uncertainties in the UE power class assumptions with UE Tx switching we see that it is also important to capture the UE power class decisions in the UE requirements i.e. UE power class will not change between the simultaneous single-layer transmissions with one antenna port on both of the uplink carriers and when transmitting two-layer transmission with two antenna port on one of 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 por 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.
TS38.101-3:
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.
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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
3. Remaining open items

The remaining open items in WF in [1] are switching period and if DL reception interruptions could be allowed and how to handle them if they are allowed. In this section we discuss the remaining RAN4 open items.
Switching period and transient period

The values for the transient periods are decided and RAN4 should continue discussing what is acceptable value(s) for the UL switching time. Number of options were identified in the WF [1]:
	· Transient period
· Define transient period in addition to the switching period
· Length of transient period: 2x10 us for UL CA and SUL, 10 us + 20 us for EN-DC
· Length of UL switching period for defining UE RF requirements:
· Non-zero value
· Option A: {35us, 140 us, 250us} or {1, 4, and 7} OFDM symbols for 30kHz SCS
· Option B: {35us, 140 us} or {1, 4} OFDM symbols for 30kHz SCS
· Option C: only 35us
· FFS whether to define 0us switching period


It is difficult to optimize network implementations and system operations with different UE capabilities for the UL switching times. In practice this means that even if different UE capabilities for UL switching time were defined, the system operations would be designed for the worst UL switching time. Therefore, in our view it is important to define minimum UE requirements with single value for the UL switching time requirements. It is also important to make sure that the UL switching, and transient periods are testable. RAN4 has had length discussion on the introduction of improved FR1 transient periods as some companies have been claiming that these requirements are not testable. More options and capabilities are defined more difficult test definitions also become. 

Proposal 1: Define minimum requirements with only one value for the UL switching period (i.e. no UE capability)

DL interruptions

Some companies felt that also interruptions in DL reception would need to be allowed for UE due to UL switching. However, no clear analyses have been shown why interruptions in DL reception due to UL switching are necessary for UE. If DL interruptions were allowed, it would need to be taken into account in the RAN1 specification work as already identified by RAN4 in [1]. Furthermore, these interruptions in DL reception would cause additional degradation in DL throughput. So far, no analyses have been presented how significantly these additional DL interruptions would degrade DL throughput. It is also worth noting that no DL reception interruptions were considered when the objectives for UE Tx switching between case 1 and case 2 were added to the Rel-16 WID in [4]. 

Proposal 2: No interruptions in DL reception are allowed due to UL switching.
4. Conclusions
In this document we have discussed how to capture the UE requirements agreed in [1] into TS38.101-1 and TS38.101-3. The corresponding CRs are available in [5] and [6].
Based on the discussion in this contribution we also make the following proposals for closing the remaining RAN4 open items for UL Switching between case 1 and case 2 for two NR FR1 carriers:
Proposal 1: Define minimum requirements with only one value for the UL switching period (i.e. no UE capability)

Proposal 2: No interruptions in DL reception are allowed due to UL switching.
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