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1. Introduction
A modified WI proposal was made in RAN#85 [1]. In the modified WI scope, switching time of case 1 and case 2 has been added in RAN4 objective. The contribution is to provide some views.
2. Discussion
In [1] RAN4 needs to 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 transmissions
	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 



First of all, before discussing switching time, we would like to achieve consensus on assumptions in notes. Co-located and synchronized network deployment would be essential to define switching time between carriers. These notes shall be put in the TS38.101-1~3 where wording can be further discussed.

Proposal 1: Agree on notes in [1] as baseline to define switching time period and put notes in TS requirements. Wording can be further discussed
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.

Based on agreement in R4-1910531[3], here we provide the justification of the 140us switching time. In [2] TS38.101-3 Table 5.5B.4.2-1 note 4, switching time between NR UL carrier and NR SUL carrier can be up to 140us and placed in SUL resources. This was based on the assumption of UE support maximum two concurrent transmission when operate in EN-DC mode where E-UTRA uplink carrier is maintained and NR uplink carrier is switched from NR band to NR SUL band. Same mechanism can happen in case 1 switching to case 2 where carrier 1 TX is switched to one of TX of the carrier 2 and 1 TX on carrier 2 maintains not changed. From uplink path switching point of view, there are no difference among EN-DC without SUL, inter-band UL CA and standalone SUL scenarios. And from UE implementations, it is possible to achieve <=35us switching time UE supports concurrent 3 TX chain without sharing any component or partial components are shared. So the switching time capability shall also be reported per uplink band configuration. Further, from our view, switching time from case 1 to case 2 and that from case 2 to case 1 can be same since the TX chain behaviour are very similar.

Proposal 2: UE capabilities for the length of switching period [X]us, including 0us, 35us, 140 us, 900 us. Default X=140us. Other switching time options are not precluded.

Proposal 3: The switching time capability is reported per uplink band configuration

Proposal 4: The switching time length from case 1 to case 2 can use same length with that from case 2 to case 1.

Considering about uplink/downlink interruption, following the justifications in [4], downlink interruption shall be allowed for FDD bands. As for uplink interruption during switching period, no matter case 2 is running in TX diversity mode or UL MIMO, the LO would be affected due to load change of additional routing to 2nd TX chain to keep both uplink carriers coherent in case 2. Uplink interruption shall be allowed for both TX carriers during switching period. DL interruption could happen for TDD+TDD CA for non-simultaneous uplink on the two UL carriers if one carrier operating in DL mode need to switch to case 2 UL frequency.
With above justifications, we have following proposals about UL/DL interruption:


Proposal 5: For EN-DC without SUL, inter-band UL CA and standalone SUL in case 1, Downlink interruption shall be allowed for FDD bands during switching time period or TDD+TDD with asynchronous transmission operation. Uplink interruption shall be allowed on both UL carriers
Table 1 lists possible scenarios for further discussions 
	Scenario ID
	Case 1
	Case 2
	Synchronized UL/DL
	Interruption during switching

	
	Carrier 1
	Carrier 2
	Carrier 1
	Carrier 2
	
	DL
	UL

	1
	FDD
	TDD
	
	TDD 2xUL
	N/A
	Carrier 1
	All UL

	2
	FDD
	FDD
	
	FDD 2xUL
	N/A
	All DL
	All UL

	3
	TDD
	TDD
	
	TDD 2xUL
	Yes
	No
	All UL

	4
	TDD
	TDD
	
	TDD 2xUL
	No
	Carrier 1
	All UL

	5
	TDD
	FDD
	
	FDD 2xUL
	N/A
	Carrier 2
	All UL

	6
	SUL
	TDD
	
	TDD 2xUL
	N/A
	No
	All UL

	7
	SUL
	FDD
	
	FDD 2xUL
	N/A
	Carrier 2
	All UL


Table 1. UL/DL interruption

Proposal 6: Test setup in RAN5 shall also be linked together with switching time period.

In [3], switching time location was discussed and agreed options are copied below:
Option 1: semi-statically configured in 1Tx carrier or 2Tx carrier
Option 2: UE follows BS schedule
Option 3: on UL carrier without PUCCH with A/N

For simplicity, RAN4 should first consider to define simple rules in RAN4 spec and strives to avoid impact to RAN1 and RAN2 spec as much as possible. Therefore, semi-static RRC configuration is not preferred. Regarding Option 2, leaving it completely to BS implementation is also not preferred unless RAN4 agrees to define the corresponding BS requirement. Otherwise, the system performance still cannot be guaranteed in spec. Option 3 seems a good solution which prioritizes the signal according to the type of physical channel it carries. However, this may not work for EN-DC case because it brings impact to LTE uplink which could not be blanked due to the ACK/NACK transmitted on NR. Considering the complexity of UE implementation for dynamic switching time location, we would like to propose an alternative option.  
Option 4: RAN4 to define rule in TS38.101 to always locate switching time in Case 2

Proposal 7: For switching time location, RAN4 to define rule in TS38.101 to always locate in Case 2 for inter-band EN-DC without SUL, inter-band UL CA and standalone SUL. 

Example time chart for EN-DC without SUL:
[image: ]
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Example time chart for NR UL CA:
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Example time chart for NR SUL:
[image: ]
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One open issues discussed in [1] is whether and how to consider TA together with the switching period. A concern raised when the maximum transmit timing difference (MTTD) is large. In this case, the switching period might be eaten up by the timing advance of the 2nd carrier. In our understanding, this concern should already be resolved by Notes 1 and 2 in Proposal 1. Given the condition of co-location, synchronization and single TAG. The MTTD should be zero between these 2 carriers. RAN4 can conclude that MTTD does not need to be considered in the switching time requirement

Proposal 8: RAN4 to confirm that the MTTD is zero in current scenarios and does not need to be considered in the switch time requirement with agreeing on notes in [1].

3. Conclusion

In this contribution, we provide our views and proposals:
Proposal 1: Agree on notes in [1] as baseline to define switching time period and put notes in TS requirements. Wording can be further discussed
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.
Proposal 2: UE capabilities for the length of switching period [X]us, including 0us, 35us, 140 us, 900 us. Default X=140us. Other switching time options a not precluded.
Proposal 3: The switching time capability is reported per uplink band configuration
Proposal 4: The switching time length from case 1 to case 2 can use same length with that from case 2 to case 1.
Proposal 5: For EN-DC without SUL, inter-band UL CA and standalone SUL in case 1, Downlink interruption shall be allowed for FDD bands during switching time period or TDD+TDD with asynchronous transmission operation. Uplink interruption shall be allowed on both UL carriers
Proposal 6: Test setup in RAN5 shall also be linked together with switching time period.
Proposal 7: For switching time location, propose Option 1: semi-statically configured in 1Tx carrier or 2Tx carrier for inter-band EN-DC without SUL, inter-band UL CA and standalone SUL. 
Proposal 8: RAN4 to confirm that the MTTD is zero in current scenarios and does not need to be considered in the switch time requirement with agreeing on notes in [1].
Reference:
1. RP-192251 Way forward on scope definition for switching between FR1 uplink carriers
2. TS38.101-3 Part 3: Range 1 and Range 2 Interworking operation with other radios
3. R4-1910531 Ad-hoc minutes on switching period between two FR1 uplink carriers
4. R4-1807057 UL switching time for DC_3A_n3A single switched UL operation
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