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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
In RAN4#106bis-e meeting, some agreements are achieved on UL Tx switching with single TAG [1] and an LS [2] was sent to RAN1/2. This contribution will provide our view on the remaining issues.
2. Discussion
	Sub-topic 1-1: Exact location of switching period
Way forward after round 2 discussion:
· For Rel-18 Tx switching, further discuss the following options taking into account RAN1 response:
· Option 1: the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission
· Option 1a: the switching period ends at time T0
· Option 2: define the time relation of the switching period location and T0 for two cases with the switching period located on the switch-from carrier and switch-to carrier respectively.
· The switching period location is determined based on the following RAN1 agreement:
The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.
· Option 3: No need to define the time relationship between the location of the switching period and T_0 in RAN4 specification


RAN4 has discussed the switching period location for several meetings. In the last meeting, companies have different understanding on T0 defined by RAN1 and an LS was sent to RAN1 to ask for clarification. In our understanding, T0 is the starting time for an uplink transmission on the switched-to carrier from network scheduling perspective. So from network perspective, sufficient UE preparation time for UL can be guaranteed. T0 may or may not be the same as the starting time of actual uplink transmission, which depends on the following two aspects: 
1) The gap between the last OFDM symbol of UL transmission on switched-from carrier and the first OFDM symbol of UL transmission on switch-to carrier.
2) Located carrier of switching period according to RRC signalling uplinkTxSwitchingPeriodLocation.
Therefore, our understanding is that when gNB scheduling does not provide sufficient time between the last OFDM symbol of UL transmission on switch-from carrier and the first OFDM symbol of UL transmission on switch-to carrier, and the switching period is located at the switch-to carrier according to the RRC signalling uplinkTxSwitchingPeriodLocation, T0 is possible to be located preceding the switching period. There is no fixed location relationship between T0 and switching period.
Considering the different cases involved, it is expected to not restrict the location relationship between switching period and T0 in time mask requirements. The time location of switching period in time domain can be up to UE implementation. The flexibility of UE implementation should not be impacted.
Proposal 1: No need to define the time relationship between the location of the switching period and T0 in RAN4 specification

	Issue 1-3-2: Advanced optional UE ability 
· Further discuss the following options in the next meeting
· Option 1: For the switching scenario without ambiguity, i.e., the two Tx chains are on the same band before or after switching (switch between {1T, 1T, 0T} and {0T, 0T, 2T}), introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1).
· Tswitch_1 and Tswitch_2 are the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2.
· Option 1a: apply the same UE capability for this scenario and for the following scenario agreed in the previous meetings. (MTK, China Telecom, ZTE)
RAN4 LS approved in R4-2303507:
When one of the two Tx chains is triggered to switch from one band (named “band A”) to another band (name “band B”), the other Tx chain is maintained on a different band (named “band C” or “band D” in the case of 4-band) and the number of Tx chain on band C or band D is unchanged due to the switching, RAN4 agreed the granularity of the optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged  during UL switching as follows: 
· Per band (only for the band(s) in the band combination but not included in the pair of bands before and after switching) for each pair of bands before and after switching in each band combination.
· Option 2: Not introduce advanced optional UE ability


Based on the previous agreement on three band case, i.e., A->B and C->C, it is feasible to introduce advance optional UE capability for the switching case between {1T, 1T, 0T} and {0T, 0T, 2T}.
	Issue 1-4-1: Switching case across four bands, i.e., {1T, 1T, 0T, 0T} to {0T, 0T, 1T, 1T}
Way forward after round 2 discussion:
· Further discuss in the next meeting:
· Option A: As optional UE behaviour, total switching period can be extended if UE is not capable for concurrent TX switching on the two TX chains. 
· Option A1: add new values {70, 175} usec in addition to the agreed set of {35 us, 140 us, 210 us} 
· Option A2: Sum of two switching periods 
· When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved.
· When UE is scheduled for transmissions so that the switching is from two bands with one TX each to another two bands one TX each, denoted for example A+B to C+D, and it cannot be determined if UE switches TX chains from A to C or D or from B to C or D, the switching time is sum of max{Tswitch_A-C, Tswitch_A-D,} and max{Tswitch_B-C, Tswitch_B-D}.
· Include clearly the aspect that when two TX chains are switched with different lengths of the switching periods, none of the TX chains are expected to be used for transmissions.
· Option B: Keep the previous agreements 

Issue 1-4-2: Switching case across three bands, i.e., {1T, 1T, 0T} to {0T, 0T, 2T}
Way forward after round 2 discussion:
· Further discuss in the next meeting:
· Option A: As optional UE behaviour, total switching period can be extended if UE is not capable for concurrent TX switching on the two TX chains.
· Option A1: add new values {70, 175} usec in addition to the agreed set of {35 us, 140 us, 210 us} 
· Option A2: Sum of two switching periods 
· [bookmark: OLE_LINK8]When UE is scheduled to switch two TX chains in such way that switching periods may overlap, the switching period is extended for both band pairs and total switching time is the sum of possible switching periods for the band pairs involved.
· Option B: Keep the previous agreements 


RAN1 has provide response on RAN4’s question in [3] as below: 
	Agreement:
In the reply LS to RAN4, RAN1 confirms following three example scenarios related to RAN4 question are supported from RAN1 perspective.
· Example #1: In the case of 3-band Tx switching, the switching is performed from 1T+1T on band A and B to 2T on band C.
· Example #2: In the case of 4-band Tx switching, the switching is performed from 1T+1T on band A and B to 1T+1T on band C and D.
· Example #3: In the case of 3-band Tx switching, the switching is performed from 2T on band A to 1T+1T on band B and C.
Agreement:
In the reply LS to RAN4, the answer to RAN4 question is as follows:
· RAN1 confirms that it is possible that the two Tx chains are switched concurrently between two different band pairs for one Tx switching instance during a single switching gap for the following three examples.
· Example #1: In the case of 3-band Tx switching, the switching is performed from 1T+1T on band A and B to 2T on band C.
· Example #2: In the case of 4-band Tx switching, the switching is performed from 1T+1T on band A and B to 1T+1T on band C and D.
· Example #3: In the case of 3-band Tx switching, the switching is performed from 2T on band A to 1T+1T on band B and C.
· It is RAN1 understanding that the switching of two Tx chains between two different band pairs can be performed for one Tx switching instance during a single determined switching gap derived by switching periods for different band pairs reported by UE according to RAN4 LS [R1-2300029/R4-2220548]. 
· Whether two Tx chains are switched simultaneously or sequentially for one Tx switching instance during the single determined switching gap is up to RAN4.
RAN1 is still discussing some details on example scenarios, including under which conditions one Tx switching instance is used for Tx switching of two Tx chains.


It is observed from RAN1 response, a single determined switching gap derived by switching period of different band pairs by UE can be used for one Tx switching instance. RAN1 thinks whether two Tx chains are switched simultaneously or sequentially for one Tx switching instance during the single determined switching gap is up to RAN4. So sequential switching is possible between two Tx chains.
Figure 1 and Figure 2 illustrates simultaneous or sequential switching cases that can be considered as one Tx switching instance. The controversial issue in RAN4 is how to define a single determined switching gap for such new cases.


Figure 1: One switching period contained by another


       
Figure 2: Switching period overlapped but not starting at the same time
Regarding option A1, two new values {70, 175} usec are added in addition to the agreed set of {35 us, 140 us, 210 us}. It is noted that both two new value is not larger than the largest agreed value, i.e., 210us. If one of the switching periods of sequential switching on two Tx chain is 210us, a larger value than 210us is expected as the total switching period. So adding new values that are shorter than 210us seem not appropriate for some cases.
Regarding option A2, it is feasible to use the sum of possible switching periods for sequential switching case. This can be considered as an optional capability for sequential switching case and does not violate the previous agreement.
Proposal 2: Option A2 can be considered for sequential switching case. 

	Sub-topic 2-1: RF specification impact
Further discuss the following options in the next meeting:
· Option 1: time masks are also included also for the dual-TAG case to make clear the following
· Option 2: Do not modify the time mask for Tx switching for multiple TAGs. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction.
· Option 3: The duration for UE omitting uplink transmission is switching period+1 symbol. 


Firstly, the switching period location in time domain for two-TAG case can rely on UE implementation similar as single-TAG case. It is not required to restrict the switch period location based on T0. 
Secondly, there is no need to capture TA difference into time mask requirements. As we mentioned previously, TA difference is not a constant value depending on the distance between UE and BS. We think capturing TA difference into time mask will potentially cause more challenge and burden for RAN5 to do the test with a lot of uncertainty. Whether to test all possible cases with different TA differences or select several or a proper TA difference, and how to decide a proper TA difference is not clear or needs to be decided. Based on above, the same principle as Rel-17 Sidelink is preferred for UL Tx switching with multiple TAG. 
Proposal 3: Do not modify the time mask for Tx switching for multiple TAGs.
3. Conclusion
This contribution gives our views on UL Tx switching for single-TAG and dual-TAG case. The following proposals are derived: 
Proposal 1: No need to define the time relationship between the location of the switching period and T0 in RAN4 specification
Proposal 2: Option A2 can be considered for sequential switching case. 
Proposal 3: Do not modify the time mask for Tx switching for multiple TAGs.
4. Reference
[1] [bookmark: OLE_LINK7]R4-2306621, WF on Rel-18 Tx switching, China Telecom, RAN4#106bis-e
[2] [bookmark: OLE_LINK3]R4-2306623, LS on Rel-18 Tx switching, China Telecom, RAN4#106bis-e
[3] R1-2304219, Reply LS on Rel-18 Multi-carrier enhancement for NR, China Telecom, RAN1#112bis-e
Page 1
image2.emf
Switching period Y us 

Switching period X us 

Total switching period not allow for 

transmission


Microsoft_Visio___1.vsdx

Switching period Y us

Switching period X us
Total switching period not allow for transmission



image3.emf
Switching period Y us 

Switching period X us 

Total switching period not allow for 

transmission


Microsoft_Visio___2.vsdx

Switching period Y us

Switching period X us
Total switching period not allow for transmission



image1.emf
Switching period Y us 

Switching period X us 

Switching period Y us 

Switching period X us 

Switching period Y us 

Switching period X us 

Total switching period not allow for 

transmission

Total switching period not allow for 

transmission

Total switching period not allow for 

transmission


Microsoft_Visio___.vsdx

Switching period Y us

Switching period X us

Switching period Y us

Switching period X us

Switching period Y us

Switching period X us
Total switching period not allow for transmission
Total switching period not allow for transmission
Total switching period not allow for transmission




Page 


1


 


3GPP TSG


-


RAN WG4 Meeting # 107


 


 


 


 


 


 


 


 


 


 


 


R4


-


230


9


0


0


3


 


Incheon, KR, May 22 


–


 


May 26, 2023


 


 


Title: 


 


Discussion on 


UL Tx switching


 


Source: 


 


Xiaomi


 


Agenda item:


 


8


.24


.2


.1


 


Document for:


 


Approval


 


1.


 


Introduction


 


In RAN4#10


6


bis


-


e


 


meeting, 


some agreements are achieved 


on UL Tx switching with single TAG


 


[1]


 


and 


an 


LS


 


[2]


 


was sent to RAN1


/2


.


 


This contribution will provide our view on the remaining issues.


 


2.


 


Discussion


 


Sub


-


topic 1


-


1


: Exact l


ocation of 


switching period


 


Way 


forward


 


after round 2 


discussion


:


 


·


 


For 


Rel


-


18 Tx switching


, 


further


 


discuss the following options taking into account RAN1 response:


 


–


Option 1: 


the switching period immediately precedes the time T0 at which a transmission starts on a car


rier 


following a Tx switch from a preceding transmission


 


o


 


Option 1


a


: 


the switching period ends at time T0


 


�


Option 2: define the 


time relation of the switching period location and T0 for two cases with the switching 


period


 


located


 


on 


the


 


switch


-


from


 


carrier and 


switch


-


to 


carrier


 


respectively


.


 


o


 


The switching period location is determined based on the following RAN1 agreement:


 


The gNB configures priority for each band. The UE determines the switching period location on either 


switching


-


from band(s) or s


witching


-


to band(s) that is involved in the UL Tx switching and is not with 


the highest priority band.


 


–


Option 


3


: 


No need to define the time relationship between the location of the switching period and T_0 in 


RAN4 specification


 


RAN4 has discussed the switching period location for several meetings. In the last meeting, companies have 


different understanding on T0 defined by RAN1 and an LS was sent to RAN1 to ask for clarification. In our 


understanding, 


T0 is the starting time for 


an uplink transmission on the switched


-


to carrier from network 


scheduling perspective


.


 


So from network perspective, sufficient UE preparation time for UL can be 


guaranteed. T0 may or may not be the same as the starting time of actual uplink transmission, w


hich 


depends on the following two aspects: 


 


1)


 


The gap


 


between 


the 


last OFDM symbol of UL transmission on switched


-


from carrier and the first OFDM 


symbol of UL transmission on 


switch


-


to carrier


.


 


2)


 


Located carrier of switching period according to RRC signalling 


uplinkTxSwitchingPeriodLocation


.


 


T


herefore, our understanding is that when gNB scheduling does not provide sufficient time between the last 


OFDM symbol of UL transmission on switch


-


from carrier and the first OFDM symbol of UL transmission on 


switch


-


to carr


ier, 


and the switching period is located at the switch


-


to carrier according to the RRC signalling 


uplinkTxSwitchingPeriodLocation,


 


T0


 


is 


possible to be 


located 


preceding the switching period. There is no 


fixed location relationship between T0 and switching


 


period.


 


Considering the different cases involved, 


it is expected to not 


restrict the location


 


relationship between 


switching period and T0 in 


time mask requirements


. 


The time location of switching period in time domain 


can 


be up to


 


UE implementation.


 


T


he 


fl


exibility of UE implementation should not be impacted.


 




Page  1   3GPP TSG - RAN WG4 Meeting # 107                       R4 - 230 9 0 0 3   Incheon, KR, May 22  –   May 26, 2023     Title:    Discussion on  UL Tx switching   Source:    Xiaomi   Agenda item:   8 .24 .2 .1   Document for:   Approval   1.   Introduction   In RAN4#10 6 bis - e   meeting,  some agreements are achieved  on UL Tx switching with single TAG   [1]   and  an  LS   [2]   was sent to RAN1 /2 .   This contribution will provide our view on the remaining issues.   2.   Discussion  

Sub - topic 1 - 1 : Exact l ocation of  switching period   Way  forward   after round 2  discussion :      For  Rel - 18 Tx switching ,  further   discuss the following options taking into account RAN1 response:   – Option 1:  the switching period immediately precedes the time T0 at which a transmission starts on a car rier  following a Tx switch from a preceding transmission   o   Option 1 a :  the switching period ends at time T0   – Option 2: define the  time relation of the switching period location and T0 for two cases with the switching  period   located   on  the   switch - from   carrier and  switch - to  carrier   respectively .   o   The switching period location is determined based on the following RAN1 agreement:   The gNB configures priority for each band. The UE determines the switching period location on either  switching - from band(s) or s witching - to band(s) that is involved in the UL Tx switching and is not with  the highest priority band.   – Option  3 :  No need to define the time relationship between the location of the switching period and T_0 in  RAN4 specification  

RAN4 has discussed the switching period location for several meetings. In the last meeting, companies have  different understanding on T0 defined by RAN1 and an LS was sent to RAN1 to ask for clarification. In our  understanding,  T0 is the starting time for  an uplink transmission on the switched - to carrier from network  scheduling perspective .   So from network perspective, sufficient UE preparation time for UL can be  guaranteed. T0 may or may not be the same as the starting time of actual uplink transmission, w hich  depends on the following two aspects:    1)   The gap   between  the  last OFDM symbol of UL transmission on switched - from carrier and the first OFDM  symbol of UL transmission on  switch - to carrier .   2)   Located carrier of switching period according to RRC signalling  uplinkTxSwitchingPeriodLocation .   T herefore, our understanding is that when gNB scheduling does not provide sufficient time between the last  OFDM symbol of UL transmission on switch - from carrier and the first OFDM symbol of UL transmission on  switch - to carr ier,  and the switching period is located at the switch - to carrier according to the RRC signalling  uplinkTxSwitchingPeriodLocation,   T0   is  possible to be  located  preceding the switching period. There is no  fixed location relationship between T0 and switching   period.   Considering the different cases involved,  it is expected to not  restrict the location   relationship between  switching period and T0 in  time mask requirements .  The time location of switching period in time domain  can  be up to   UE implementation.   T he  fl exibility of UE implementation should not be impacted.  

