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1 Introduction
In RAN#85 meeting, the WID of NR_RF_FR1 (i.e., RF requirements for NR frequency range 1 (FR1)) [1] has been updated to include UE requirements to allow switching between case 1 (1Tx each carrier) and case 2 (2Tx on carrier 2) for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission. 
	· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission 
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 


· 
· UE RF requirements, e.g., time mask RF requirements and other necessary RF requirements if any
· The options agreed at RAN4 #92 in R4-1910531 can be considered as starting point
· Study if there are any impact to interruption and delay requirements, and specify the RRM requirements if needed
· RAN1 will further study by Dec 2019 if there are any RAN1 potential impacts based on RAN4 LS if any
· No new TDM pattern will be defined, i.e. scheduling-based switching is assumed. 
· Finalization of RAN4 requirements and approval of RAN4 CRs shall be based on RAN1 LS  
· Strive to minimize RAN1 impact. 
· Strive to achieve no impact to RAN1 E-UTRAN spec 
· Strive to avoid defining location of switching period impacting RAN1 spec 
· Define per band per band combination or per band combination UE capability signaling if needed
Note 1: Only addressing the case of co-located and synchronized network deployment for the two UL carriers
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA
Note 3:  The above objectives will not relax the existing requirements specified in Rel-15 38.101-3 for band combinations allowing single uplink transmission
Note 4: The UE is configured with two different uplink carrier frequencies.


In RAN4#95e, CRs on switching time mask between two carriers for inter-band uplink CA and SUL [6] and for EN-DC  were discussed but no consensus was reached due to different understandings on maximum output power for uplink Tx switching.  In RAN1#101-e, CR on introducing this feature in RAN1 spec has been agreed in [8].  However, the CR does not specify the location of switching period. In RAN2#110e, capability signaling has been discussed and some agreements have been achieved but there are still some remaining issues.  In this contribution, we discuss these remaining issues for the uplink Tx switching feature.   
2 Discussion
2.1 Maximum output power
In Rel-15, specs related to EN-DC, UL CA, SUL and UL-MIMO are split into different sections or TSs, e.g., EN-DC operation is specified in TS 38.101-3, and UL CA is captured in new sub-sections with suffix “A” in TS 38.101-1/2, SUL with suffix “C” and UL-MIMO with suffix “D”. In Rel-16, a new feature called “UL Tx switching” is introduced with the intention to combine “UL-MIMO” with the other three features “EN-DC”, “UL CA” and “SUL” respectively , under the constraint of maximum two concurrent transmissions [1][2], as shown in the below figure:
[image: ]
Fig. 1  New feature “UL Tx switching”
The combination of UL-MIMO and the other three features are labelled as three corresponding scenarios. Accordingly, the operation of UL Tx switching involves switching between two cases: Case 1 corresponding to Rel-15 legacy operations for a certain band or band combination, and Case 2 corresponding to a new “state” introduced in this new feature operated in UL-MIMO mode for a single NR UL carrier.

Observation 1: The main objective of the new feature “UL Tx switching” is to combine UL-MIMO with the other three features “EN-DC”, “UL-CA” and “SUL” respectively.

In addition to the main new RF requirement, i.e., time masks for UL Tx switching, the power class should also be clarified, in particular, for UL-MIMO mode case 2, a certain bands may have capability of high power 26dBm (PC2). So for the power class for these two cases, RAN4 has reached an agreement in RAN4#93 [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.
But there are two different understanding on the above agreements:
(1) Understanding #1: The power class for Case 1 and Case 2 are the same, and does not change in UL Tx switching 
(2) Understanding #2: The power class for Case 1 and Case 2 can be different, but each of the two power classes does not change in UL Tx switching
RAN4 has intensive discussions with an attempt to align the understanding on the agreement, but unfortunately up to RAN4#95e there is no consensus [4].

Observation 2: RAN4 has made an agreement on the power class in UL Tx switching, but the understanding on the agreement itself is not aligned.

In the last minute of RAN4#95-e, a clarification on the maximum power has been proposed only for UL CA in UL Tx switching [6]. The change actually assumes the first understanding for UL CA, which means that power class for Case 1 and Case 2 are of the same. However, this change should apply to the other two scenarios as well for the sake of fairness and consistency. 

Observation 3: The last minute change in RAN4#95-e on UL CA in RAN4 CR to introduce UL Tx switching creates an unfair example by assuming understanding #1 on the RAN4 agreements on power class in UL Tx switching but only applying to UL CA scenario. 

Furthermore, of all the three scenarios (EN-DC, UL CA and SUL), there are power class definition for EN-DC and UL CA band combination, but no power class is defined for SUL band combination, leaving a missing piece in the current specs. This is actually the main reason for the SAR issue with SUL band combination identified in more than one year ago [5]. Though intensive efforts have been observed in RAN4, there is still no solution to resolve this issue from standardization perspective, which may potentially impose risks to end users and even operators.

Observation 4: A missing piece in the current specs on the output power, or the identified SAR issue of SUL band combination, may potentially impose risks to end users and even operators.

More discussions on this issue are needed in RAN4 for a common understanding and resolution for all three scenarios before any RAN4 CR is approved for Tx UL switching. Of course, we also submit a company CR on TS38.101-1 only [7] by assuming Understanding #2 applicable to both UL CA and SUL as one acceptable example from our side to facilitate the discussion.  It is expected that this involves detailed discussion in RAN4 spec in order to converge on how maximum output power is clarified consistently for all the three scenarios (EN-DC, UL CA and SUL).  Therefore, we have the following proposal:

Proposal 1: Discuss in RAN4#96-e on how to achieve the common clarification on maximum output power for the scenarios of EN-DC, UL CA and SUL.   

2.2. Location of switching period
In RAN4#92bis, the following agreement about the location of switching period has been reached [9].
	· RAN4 agreement on the location of the switching period
· For EN-DC: in NR carrier
· For UL CA and SUL: semi-statically configured by RRC on one specific carrier of the two uplink carriers


However, it is not clear what it means when the location of the switching period is on one carrier if we consider that UE is not expected to transmit on both carriers in switching period.  In RAN1#101-e, the following agreement on limiting one UL Tx switching per slot has been reached. 
	Agreement:
For inter-band UL CA, SUL and EN-DC, a UE does not expect to perform more than one UL Tx switching in a slot with larger SCS between two uplink carriers. 


There was some discussion about the exact location of switching period but no consensus has been reached.  Then it is still not clear where the switching period is located.  There are the following potential understandings,
Understanding#1. The switching period could be at any symbol between the previous UL transmission and the next UL transmission
Understanding#2. The switching period is immediately after the previous UL transmission
Understanding#3. The switching period is immediately before the next UL transmission
Understanding#4. The switching period is located in some possible fixed locations e.g. slot boundary 
Without defining the location of switching period in the spec, it tends to mean understanding#1 is the current understanding.  However, network and UE need to have the same understanding on exactly where the switching period is.  Otherwise, it is hard for the network to avoid any transmission in the switching period, including UL transmission and DL transmission for avoiding DL interruption.  Thus, Understanding#1 is not applicable from this perspective. Understanding#2 is problematic as UE may not know whether it needs to switch or not at the time point when UE finishes the previous UL transmission. Based on the above analysis, we think only understanding#3 and understanding#4 are feasible in practice.  If switching period is fixed in certain locations, it would reduce the complexity in both UE perspective and network perspective so that scheduling avoidance is needed only in certain locations as explained in [10].  In particular, the following proposal was discussed in RAN1#101-e which can be understood as understanding#4 with more details.

If the configured location of switching period is carrier 1, 
    - If the switching period is present, the switching period is placed at the beginning of the slot for an uplink/downlink slot with larger SCS or at the non-uplink symbols immediately before the uplink symbols in a special slot with larger SCS.
If the configured location of switching period is carrier 2, 
    - If the switching period is present, the switching period is placed at the end of the slot for an uplink/downlink slot with larger SCS or at the start of the uplink symbols in a special slot with larger SCS.

[bookmark: _GoBack]It was stated in the WID that “Strive to avoid defining location of switching period impacting RAN1 spec”. So it may make more sense to define the location in RAN4 spec instead. The proposed RAN4 CR in [6] tends to have the understanding that the switching period is located at the slot boundary but it is still not clear about the possible location of switching period.  Therefore, clarification for switching period location is better to be done in RAN4 spec for all scenarios including the scenarios where the two scheduled transmissions have sufficient or insufficient gap for the switching period in between.   
       
Proposal 2: 
Specify the location of switching period in RAN4.  Discuss the following proposal as one of the potential solutions in RAN4.
· If the configured location of switching period is carrier 1, 
· If the switching period is present, the switching period is placed at the beginning of the slot for an uplink/downlink slot with larger SCS or at the non-uplink symbols immediately before the uplink symbols in a special slot with larger SCS.
· If the configured location of switching period is carrier 2, 
· If the switching period is present, the switching period is placed at the end of the slot for an uplink/downlink slot with larger SCS or at the start of the uplink symbols in a special slot with larger SCS.

2.3. UE capability reporting
In RAN2#110e meeting, regarding the capability design of UL Tx switching, the following agreements have been reached.
	Introduce a new band combination list, under which the UE capabilities associated with UL Tx switching are reported.
Reporting capability on each UL band pairs per BC that supports UL Tx switching.
In the new BC list, the UE reports a mixed UE capability which exceeds its total Tx number, e.g., 1Tx on carrier 1 and 2 Tx on carrier 2 and relies on NW side to figure out 1Tx+2Tx can only be used in a TDM manner.


Based on the conclusion, a new BC list will be introduced for indicating the UL Tx switching related capabilities. While for the 3rd bullet, although RAN2 agreed that UE is supposed to report “1Tx+2Tx” capability in the new BC list, companies haven’t reached consensus on how to signal 1Tx+1Tx UE capability. For instance, whether the 1Tx+1Tx related feature set should be signalled in legacy BC list or new BC list, especially when the UE has different “1Tx+1Tx” capability for “CA operation without UL Tx switching” and “CA operation with UL Tx switching” cases.  This remaining issue is scheduled to be discussed in the next RAN2 meeting. 
3 Conclusions
In this contribution, remaining issues of uplink Tx switching from RAN4, RAN1 and RAN2 were identified and discussed. We have the following proposals
[bookmark: _Ref124671424][bookmark: _Ref124589665][bookmark: _Ref71620620]Proposal 1: Discuss in RAN4#96-e on how to achieve the common clarification on maximum output power for the scenarios of EN-DC, UL CA and SUL.  
Proposal 2: 
Specify the location of switching period in RAN4.  Discuss the following proposal as one of the potential solutions in RAN4.
· If the configured location of switching period is carrier 1, 
· If the switching period is present, the switching period is placed at the beginning of the slot for an uplink/downlink slot with larger SCS or at the non-uplink symbols immediately before the uplink symbols in a special slot with larger SCS.
· If the configured location of switching period is carrier 2, 
· If the switching period is present, the switching period is placed at the end of the slot for an uplink/downlink slot with larger SCS or at the start of the uplink symbols in a special slot with larger SCS.
.
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