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1.	Introduction
In RAN#85 revision of WID [1] for FR1 enhancement was agreed. In the WID, a new objective was agreed as follows:
· 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  
Full WID objective is in the Appendix.
In this paper we discuss different scenarios for mentioned switching between cases and how and what is needed in the requirements for the UE.  
2. 	Discussion on cases and scenarios
2.1	General
2.1.1	Discussion on WID scope and scenarios impacted
WID specifies three scenarios, inter-band EN-DC without SUL, inter-band UL CA and standalone SUL. As an initial note, uplink sharing from UE perspective is precluded by the WID. 
Observation 1: Uplink sharing from UE perspective is not part of the WID
The two cases in the WID indicate intention is to specify switching time between uplink transmission on two bands and two port transmissions on one band. This is to say one baseband uplink chain is switched between the single TX band and second layer on another band. 
Observation 2: Switching time in question is the time needed to switch between 2 port transmissions on a single band and concurrent single port transmission in two bands. 
Currently the specification allows simultaneous transmissions for two of the cases: inter-band EN-DC without SUL and inter-band UL CA and the third case standalone SUL, the specification does not allow any switching time. Nothing in specification excludes the concurrent operation of 2 port transmissions and inter-band CA for example. Further discussion should be then had if a 0 usec switching time should be also specified since it also creates a new feature in comparison to concurrent operation. In conclusion, for all cases, intention is to specify a relaxation to an existing feature supported by specification. 
Observation 3:  Allowing a non-zero switching time or non-concurrent operation of 2 port transmissions and other band transmissions is a relaxation to already specified features.

2.1.2	What is considered as 2 Tx in the WID
It should be noted that WID does not mention UL MIMO but 2 TX which in general term means when UE is configured for two logical antenna ports and support coherent UL MIMO when both ports can be configured to transmit same layer. There is also 2 Tx case called specification transparent TX diversity as enabled by RAN1 [2]. Implementing the spec transparent TX diversity is not visible to the network by definition. This means the 1 Tx (case 1 in WID) can also mean UE will transmit with 2 antennas but with one logical antenna port. Currently Rel-15 RAN4 or RAN5 requirements do not enable this transparent TX diversity at all since there is no consensus how requirements should be written. RAN4 is currently discussing [3] if Rel-15 should exclude TX diversity and introduce the transparent TX diversity only in Rel-16.
Observation 4: 2 TX transmission can mean UL MIMO, 2 logical antenna port transmissions or TX diversity
Proposal 1: Specification transparent TX diversity is not considered as 2 Tx in the scope of this WID.
Further considering the cases in the WID description, if UE does not support coherent UL MIMO, both TX’s will be transmitting only if UE is given a 2-layer grant. For non-coherent UL MIMO UE, only codebook [1 0] and [0 1] are allowed for 1-layer transmissions. 
2.2	Differences in the scenarios
2.2.1 	Inter-band EN-DC without SUL
Inter-band EN-DC defines a mode for SUO where for LTE FDD uplink a TDD pattern is defined. In that mode, NR is avoiding concurrent UL with LTE based on its scheduling. Currently, this is allowed only for band configurations where concurrent operation creates a RF performance problem as described in Annex I of TS 38.101-3. One possible way to implement this new feature maybe reusing the pattern to LTE and scheduling 2 TX on NR band by avoiding the known LTE uplink instances. However, this then wastes uplink capacity when NR band does not have a need or opportunity for 2 TX but there would be a need for LTE uplink or in other words, assigning a TDM pattern for FDD LTE has a negative impact on LTE capacity. Better way is to leave the solution based on scheduling alone. Figure 1 shows this issue.  
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Figure 1 LTE pattern based switching. LTE transmission is missed because of pre-defined pattern
It would better not to define this mode with TDM pattern based configuration but rely on scheduling. 
Observation 5: Defining TDM pattern for LTE in EN-DC case causes UE to lose LTE TX opportunities if 2 TX transmission was not needed on NR band.  
Proposal 2: Only fully flexible scheduling based EN-DC scenario is defined and SUO Case 1 TDM pattern based operation for LTE is not defined. 
Interesting case becomes if RAN4 defines also this mode for the cases where concurrent TX is excluded and if both non zero and zero switching time is defined. 
Observation 6: For cases when concurrent operation is currently required, zero and non-zero switching time scenarios are new features
Table 1 summarises different possible scenarios to be discussed. 
2.3	Inter-band UL CA
Inter-band UL CA does not recognise any form of non-concurrent uplink mode, but UE is always mandated to be capable for transmissions on both bands simultaneously regardless UE uses specification transparent TX diversity or supports > 1 TX port or UL MIMO on one of the bands part of UL CA configuration. Defining a switching time also means defining limited capability for uplink operation. 
2.4 	Standalone SUL
SUL case is different from the two others since switching is not going to happen as described in the WID. Concurrent TX between SUL and NR band is not specified currently and our understanding that this WID does not intend to define it but it intends to define the case when SUL transmission happens alone and 2 TX transmission on NR band happens. This case will have a switching time specified. In this form, the feature already exists with 0 usec switching time and the intention is to define a relaxed requirement by defining a switching time. 
2.5	Summary of different possible scenarios
Previous sections provide discussion on different scenarios. If 0 usec time scenarios will be defined when they do not exist should be discussed. Defining those adds complexity and fragmentation but they give better performance since UL no time is wasted.  Regardless, the cases in the last column need to be defined with the exception of the SUO case 1 based EN-DC.  That leaves only three cases to be defined. 
Table 1 Possible scenarios under this WID and existing specification status
	
	Concurrent operation
	0 usec switching time
	X usec switching time

	SUO based inter-band EN-DC
	N/A
	Exist now
	New

	Scheduling based EN-DC
	In spec
	New
	New

	ULCA
	In spec
	New
	New

	SA SUL
	No/New
	New
	New (no concurrent operation 1Tx and 1Tx NR band is assumed)



Proposal 3: Only non-zero switching time cases are defined for scheduling based EN-DC, UL CA and SA SUL. 
Conclusion
We discussed scenarios and applicability of the WID and made following observations 
Observation 1: Uplink sharing from UE perspective is not part of the WID
Observation 2: Switching time in question is the time needed to switch between 2 port transmissions on a single band and concurrent single port transmission in two bands. 
Observation 3:  Allowing a non-zero switching time or non-concurrent operation of 2 port transmissions and other band transmissions is a relaxation to already specified features.
Observation 4: 2 TX transmission can mean UL MIMO, 2 logical antenna port transmissions or TX diversity
Observation 5: Defining TDM pattern for LTE in EN-DC case causes UE to lose LTE TX opportunities if 2 TX transmission was not needed on NR band.  
Observation 6: For cases when concurrent operation is currently required, zero and non-zero switching time scenarios are new features
And made following proposals:
Proposal 1: Specification transparent TX diversity is not considered as 2 Tx in the scope of this WID.
Proposal 2: Only fully flexible scheduling based EN-DC scenario is defined and SUO Case 1 TDM pattern based operation for LTE is not defined. 
Proposal 3: Only non-zero switching time cases are defined for scheduling based EN-DC, UL CA and SA SUL.
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Appendix: WID objective
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.


