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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 what parts are impacted by switching and propose switching times and interruptions needed.
2	Discussion on switching and times
2.1 	Architecture and switching event
The motivation for the WID was not very well described in any of the referable sources. It seems to be based on the number of TX’s in the UE which is very much a specific implementation issue. Some companies have understood requirements so that UE needs three transmit chains to be able to support for example UL CA and UL MIMO concurrently and then made implementation choices accordingly. Now the new WID then allows new features with lower complexity to support new and in part partial functionalities. The intended lower complexity was neither disclosed very well so we are making our own assumption on the reduced complexity based on discussions in RAN4#92. 
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Figure 1 UE architecture to motivate and derive the switching time
Figure 1 shows the architecture for the purpose of understanding the switching. RF front end chain need to be dedicated to a band and no re-use is possible but BB part, included in the DAC in the Figure are assumed to be re-used. PLL can be re-used or then dedicated can be used. 
For the purposes of this discussion, we shall define scenario to be EN-DC with LTE being FDD band with 10 MHz channel and NR being TDD band with 100 MHz channel and configured for 2 antenna ports and transmissions on NR band are always assumed to be 2-layers. 
Switching in the picture happens by switching DAC1 between Dr1+PA1 and Dr3 and PA3. PLL1 can be retuned or then mixer 1 LO can be switched between PLL1 and PLL2.  
To perform switching:
DAC and BB chain need to be retuned from 10 MHz to 100 MHz
New data samples generated
Digital filters need to be settled
RF chain needs to be configured, (Drx in the picture) including ET initialization and possible RF switches
PLL need to be either switched or retuned
PA needs to be configured and biased
Some of the actions above can be done in parallel. The overall time to perform this switching is very implementation dependent and discussion on detailed actions may not result into any new information. Our proposal for overall allowance for the switching time is 250 usec. This is time for one slot in 60 kHz SCS. 
Proposal 1: Switching time 1Tx + 1Tx to 0 Tx to 2 Tx is 250 usec. 
2.2	Impact of switching to other tx parts
Switching time above means the outage time when neither Tx 1 nor Tx 3 are transmitting. Additional aspect that needs discussion for all modes is what is the expected behaviour of other transmitters when switching occurs. In Figure 1 we have drawn the case when switching causes a stop in all TX’s because in some implementations switching may have impact to Tx2. Reasons may be coupling of transients of PLL or retuning of other RF parts or BB clock base may need to be modified and DAC2 may have to be halted because DAC1 sampling rate is changed.  In these cases, the switching time needs to apply to the unaffected Tx too. 
Observation: Switching may impact other transmitters and receivers
Standard should allow all implementations. 
Proposal 2: Outage due to switching applies to all activated Tx’s.    
2.3	Impact of switching to receiver(s) (interruptions)
Receiver operation may be impacted by the switching. In some cases, especially TX PLL is shared with RX and switching TX’s on and off may have an impact to RX. This happens with PLL1 cannot tune to TDD frequency but Tx1 LO source is switching between PLL1 and PLL2. Since the switching time is one slot, RX interruption should be specified at minimum one slot. 
Proposal 3: During the TX switching between case 1 and case 2, receiver is interrupted for the received slots during when the switching occurs 
2.4	Action time from grant to switching 
In addition to the switching time, RAN4 needs to discuss the time from grant to action i.e. in scheduler-based solution, how much in advance UE must know when to switch. Following fastest NR scheduling latency is close to impossible since UE has to have information from LTE modem about its status to plan the switching.
Proposal 4: Additional time from reception of the grant with the information for the switching is three symbols. This is in addition to the normal grant to transmit time allowance 

Conclusion
We discussed switching times and other impacted sections and made the following observation and proposals:
Observation: Switching may impact other transmitters and receivers

Proposal 1: Switching time 1Tx + 1Tx to 0 Tx to 2 Tx is 250 usec. 
Proposal 2: Outage due to switching applies to all activated Tx’s.    
Proposal 3: During the TX switching between case 1 and case 2, receiver is interrupted for the received slots during when the switching occurs 
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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.


