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Introduction
[bookmark: OLE_LINK5]In RAN1#110 meeting, we discussed the multi-carrier UL Tx switching scheme and the following working assumption was achieved:
	Working Assumption
· If Rel-18 UL Tx switching is supported, following switching mechanism is considered as baseline for the Rel-18 UL Tx switching across 3 or 4 bands
· Alt.1: Dynamic Tx carrier switching can be across all the supported switching cases by the UE and based on the UL scheduling, i.e., via dynamic grant and/or RRC configuration for UL transmission
· RAN1 will support one or more of following complexity reduction options, considering at least the potential additional preparation time, additional interruption time, and RF complexity for certain switching cases/patterns, if Rel-18 UL Tx switching is supported based on Alt.1, and companies are encouraged to investigate options with striving for down-selection at RAN1#110bis-e.
· Option 1: UE is allowed to support only some of concurrent UL cases (band pairs)
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: potential capability/RRC signaling
· Option 2: UE is allowed to support 2 ports transmission only on some of bands out of configured bands for UL Tx switching
· FFS: at least two bands should support up to 2 Tx as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for both switched UL and dual UL cases or only for dual UL case
· FFS: whether/how to reuse or extend existing capability/RRC signaling
· Option 3: UE is allowed with more preparation procedure time (or interruption time) only for some specific switching cases/patterns
· FFS: specific switching cases/patterns where more preparation procedure time (or interruption time) is necessary, e.g., switching patterns not existed in Rel-17
· FFS: how long preparation procedure time and/or interruption time is necessary, and whether RAN4 involvement is necessary
· FFS: whether/how to report/indicate the specific switching cases/patterns and/or value(s) of preparation procedure time (or interruption time)
· FFS: what is the definition of preparation procedure time or interruption time, including whether interruption happens during the preparation procedure time and whether it includes switching period
· FFS: whether/how long minimum interval between two succeeding UL Tx switching is necessary
· Option 4: UE is allowed to support only some of band pairs for tx switching
· FFS: at least one band pair should be supported as in Rel-17
· FFS: for both 3 and 4 bands cases or only for 4 bands case
· FFS: for switched UL and/or dual UL 
· FFS: potential capability/RRC signaling
Other options are not precluded


Furthermore, in RAN#96, the following guidance was approved:
	RAN provides following guidance to RAN1/2/4.
· If Rel-18 UL Tx switching is supported, 
· RAN1/2/4 shall focus on defining necessary mechanisms and requirements for UL Tx switching across 3 or 4 different bands at least for following scenarios during Rel-18 in Q3 2022
· Inter-band UL-CA Option 1 (i.e., switched UL) and Option 2 (i.e., dual UL) without SUL band
· Inter-band UL CA Option 1 (i.e., switched UL) for {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s)
· UL CA framework where UL CA is performed between NULs according to current RAN4 specifications should not be changed
· Note: switching across any band in this scenario is not precluded
· Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands
· Further check additional scenarios as below can be discussed in RAN4#104e and RAN#97e, e.g.,
· {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band}
· Simultaneous transmission across 2 bands in {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s) (excluding simultaneous transmission between SUL and corresponding NUL)
· Mechanisms/requirements should not introduce restrictions on what were already supported in current specifications for UL Tx switching


In this contribution, we further discuss the multi-carrier UL Tx switching schemes and provide our views.
Discussion
Switching Mechanisms for UL Tx
As mentioned in the guidance from RAN, both switchedUL and dualUL should be supported for Rel-18 UL Tx switching. For switchedUL, UE can only transmit uplink channel/signal with one or two antenna ports on single UL band. There is no ambiguity on whether a switching period is needed between two adjacent uplink transmissions, no matter which band pair is used for UL Tx switching. For dualUL, it becomes more complicated as the antenna port used for uplink transmission for different Tx chain status may be same. The following table summarize all combinations of UL transmission assuming 4 UL bands are configured for UL Tx switching. Generally speaking, the UL switching scheme across four UL bands with dualUL can be categorized as below:
· Type 1: switching between 2 UL bands with single port and the other 2 UL bands with single port, e.g. case#1(1P+1P+0P+0P) and case#6(0P+0P+1P+1P)
· Type 2: switching between 2 UL bands with single port and another UL band with single port, e.g. case#1(1P+1P+0P+0P) and case#2(0P+0P+1P+0P)
· Type 3: switching between 2 UL bands with single port and another UL band with two ports, e.g. case#1(1P+1P+0P+0P) and case#9(0P+0P+2P+0P)
· Type 4: switching between 1 UL band with single port and another UL band with single port not belonging to the same band pair, e.g. case#1(1P+0P+0P+0P) and case#2(0P+0P+1P+0P).
· Type 5: switching between 1 UL band with single port and another UL band with two ports not belonging to the same band pair, e.g. case#1(1P+0P+0P+0P) and case#10(0P+0P+0P+2P).
· Type 6: switching between 1 UL band with single port and the same UL band with two ports, e.g. case#1(1P+0P+0P+0P) and case#7(2P+0P+0P+0P).
· Type 7: switching between 1 UL band with single port and the same UL band with single port, e.g. case#1(1P+0P+0P+0P) and case#2(1P+0P+0P+0P).
Table 1: Combinations of UL transmission
	Switching Case
	Band#1
	Band#2
	Band#3
	Band#4
	Combination of UL transmission( P-> port)

	Case#1
	1
	1
	0
	0
	1P+0P+0P+0P; 0P+1P+0P+0P; 1P+1P+0P+0P

	Case#2
	1
	0
	1
	0
	1P+0P+0P+0P; 0P+0P+1P+0P; 1P+0P+1P+0P

	Case#3
	1
	0
	0
	1
	1P+0P+0P+0P; 0P+0P+0P+1P; 1P+0P+0P+1P

	Case#4
	0
	1
	1
	0
	0P+1P+0P+0P; 0P+0P+1P+0P; 0P+1P+1P+0P

	Case#5
	0
	1
	0
	1
	0P+1P+0P+0P; 0P+0P+0P+1P; 0P+1P+0P+1P

	Case#6
	0
	0
	1
	1
	0P+0P+1P+0P; 0P+0P+0P+1P; 0P+0P+1P+1P

	Case#7
	2
	0
	0
	0
	2P+0P+0P+0P; 1P+0P+0P+0P;

	Case#8
	0
	2
	0
	0
	0P+2P+0P+0P; 0P+1P+0P+0P;

	Case#9
	0
	0
	2
	0
	0P+0P+2P+0P; 0P+0P+1P+0P;

	Case#10
	0
	0
	0
	2
	0P+0P+0P+2P; 0P+0P+0P+1P;


For switching Type4 to switching Type7, UL Tx switching occurs between 2 out of 4 configured band. The difference from Rel-17 UL Tx switching mechanism is the band list is extended from 2 to 4.  Considering UL Tx switching in RAN1 is band agnostic, Rel-17 mechanisms is sufficient. For the leftover switching types, more than two bands are involved, additional standard efforts may be needed. However, given switching Type1 to switching Type3 can provide more flexibility, they are worth to be supported in Rel-18. 
Proposal 1:  There should be no restrictions on the band pairs for Rel-18 UL Tx switching.
Potential ambiguity on the switching period
For Type 1, Type 2, Type 3 and Type 5, there is no ambiguity on the switching period as the status between previous transmission and pending transmission can be easily differentiated. For Type 6, the current mechanism specified in TS38.214 is sufficient. For Type 4 and Type 7, they may have some issues as the same antenna port status and Tx chain state can be associated with different cases listed above. Take (1P+0P+0P+0P) and (0P+0P+1P+0P) as example, it may be associated with the following two different Tx chain states:
· (1P+0P+0P+0P) and (0P+0P+1P+0P) associates with case#2, i.e. 1 Tx chain associates with band#1 and the other associates with band#3. In this case, no switching period is needed between two adjacent uplink transmissions.
· (1P+0P+0P+0P) associates with case#1 and (0P+0P+1P+0P) associates with case#2 respectively. In this case, switching period is needed between two adjacent uplink transmissions.
Furthermore, there are lots of other combinations encounter the same situation as case#1 and case#2, which can be summarized as below:
· Case#1&Case#3
· Case#1&Case#4
· Case#1&Case#5
· Case#2&Case#4
· Case#2&Case#6
· Case#3&Case#5
· Case#3&Case#6
· Case#4&Case#5
· Case#4&Case#6
· Case#5&Case#6
Observation 1:  There may be ambiguity on determining the Tx chain state between two adjacent uplink transmissions in some cases, i.e. band pairs contains the same band on which single port transmission is allowed.
To avoid potential ambiguity, the following alternatives can be considered: 
· Alt 1: Solution based on implementation
From UE perspective, it knows current operation state, i.e. the association of Tx chain and UL band. For example, it is clear to a UE that whether (1P+0P+0P+0P) is under operation state of case#1 or case#2. If the pending transmission happens on another band, e.g. band#2 or band#3, it can determine whether a switching period is needed or not accordingly. From the perspective of gNB, the gNB has the ability to determine the state of the UE through implementation, so there is no ambiguity between the gNB and the UE. 
· Alt 2: Reduce the mapping number between UL transmission ports and Tx chains
According to our analyses above, the main reason for potential ambiguity is that one combination of UL transmission corresponds to multiple switching cases. Therefore, another way to avoid ambiguity is to guarantee one-to-one mapping between combination of UL transmission and switching case. One example is shown in Table 2. However, this method will reduce the flexibility of scheduling and introduce additional latency. For example, when a UE switches from (0P+0P+1P+1P) to (0P+0P+1P+0P), switching period is not needed if these two combinations belong to case#6. However, if table 2 is adopted, the switching period is needed between aforementioned two PUSCHs. In addition, some rules also need to be described or specified.
Table 2: Limited combinations of UL transmission
	Switching Case
	Band#1
	Band#2
	Band#3
	Band#4
	Combination of UL transmission( P-> port)

	Case#1
	1
	1
	0
	0
	1P+0P+0P+0P; 0P+1P+0P+0P; 1P+1P+0P+0P

	Case#2
	1
	0
	1
	0
	1P+0P+0P+0P; 0P+0P+1P+0P; 1P+0P+1P+0P

	Case#3
	1
	0
	0
	1
	1P+0P+0P+0P; 0P+0P+0P+1P; 1P+0P+0P+1P

	Case#4
	0
	1
	1
	0
	0P+1P+0P+0P; 0P+0P+1P+0P; 0P+1P+1P+0P

	Case#5
	0
	1
	0
	1
	0P+1P+0P+0P; 0P+0P+0P+1P; 0P+1P+0P+1P

	Case#6
	0
	0
	1
	1
	0P+0P+1P+0P; 0P+0P+0P+1P; 0P+0P+1P+1P

	Case#7
	2
	0
	0
	0
	2P+0P+0P+0P; 1P+0P+0P+0P;

	Case#8
	0
	2
	0
	0
	0P+2P+0P+0P; 0P+1P+0P+0P;

	Case#9
	0
	0
	2
	0
	0P+0P+2P+0P; 0P+0P+1P+0P;

	Case#10
	0
	0
	0
	2
	0P+0P+0P+2P; 0P+0P+0P+1P;


Observation 2:  UE is aware of its operation state and whether switching period is needed or not before a pending uplink transmission.
Observation 3:  Limited combinations of UL transmission will not only limit the flexibility of base station scheduling, but also introduce additional delay.
Proposal 2:  Ambiguity on switching period can be resolved by implementation.
Reduction on implementation complexity
As mentioned in reply LS from RAN4, there were no technical difficulties to prevent the implementation of 3 or 4 bands Tx switching. In addition, RAN4 suggests further discussion of UE memory sharing in RAN1.[1]
When the dynamic switching mechanism of the aforementioned types are supported, UE needs to support information update/storage of more than two bands. In order to support UL Tx switching across more than two bands, UE needs to maintain the information of more than two bands. Take switching type4 as an example, when the UE is configured to support UL Tx switching on two bands, the UE only needs to maintain the information of those two bands, e.g. band#1 and band#3. Accordingly, it can only switch between case#1 (1P+0P+0P+0P) and case#2 (0P+0P+1P+0P). However, if the UE is configured to support UL Tx switching on more than two bands, e.g. both 1&3 band pair and 1&2 band pair, it can also switch between case#1 (1P+0P+0P+0P) and case#4 (0P+1P+0P+0P). Consequently, UE needs to additionally maintain the information of band#2 besides the memory of band#1 and band#3. 


Figure 1: UE memory setting modes supporting 4 bands
In order to make sure UE has knowledge of configured bands, two modes can be considered, i.e. separate memory and shared memory. As shown in figure 1, the first mode is to set memory units for each band, and the second mode is to support 4 bands through memory sharing. For the first mode, there are one-to-one mapping between memory unit and configured band. No additional delay is introduced as UE doesn’t need to update/reload band information when band pair is changed. However, it increases UE memory. For the second mode, the memory unit needs to be flushed and reloaded for different bands, so the UE may need more preparation time. Assuming a UE is configured with 4 bands, and the UE only supports case#1, case#7 and case#8 in Table 1. Switching pattern is limited on Band#1 and Band#2 and UE doesn’t need additional preparation procedure time due to no band information update. On the other hand, if band pair is changed from one to another, more preparation procedure time is needed as band information needs to be updated. 
From our perspective, hardware complexity should be avoided in order to control UE cost. Therefore, UE should be allowed with more preparation procedure time to carter to shared memory.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 4:  UL Tx switching across more than two bands may increase UE memory.
Proposal 3:  UE is allowed with more preparation procedure time for UL Tx switching across more than 2 bands once band pair is changed.
From our perspective, the following options for defining the preparation procedure time can be considered: 
· Option 1: The preparation procedure time is included in the PUSCH preparation procedure time Tproc,2
For option 1, the preparation procedure time needs to be considered for all the switching patterns, no matter band information updating/reloading is executed or not. It introduces unnecessary UL Tx switching delay.
· Option 2: Define the preparation procedure time independently
For option 2, the preparation procedure time can be 0 for high-end UE, i.e. separate memory for each band is reserved. For a low-end UE, additional preparation procedure time is only needed when band information updating/reloading is necessary. 
Obviously, defining the preparation procedure time independently can effectively avoid unnecessary delay for some cases. 
Proposal 4:  The preparation procedure time needs to be defined independently.
From our point of view, the preparation procedure time is the time when the memory is refreshed and loaded, which is different from the switching period. No matter which the aforementioned options is selected, the gNB needs to interrupt the transmission of the UE during the preparation procedure time.
Proposal 5:  UE doesn’t expect any uplink transmission during preparation procedure time caused by band information updating.
The preparation procedure time of UEs with different capabilities may be different. In order to prevent inconsistency between the gNB and the UE in their understanding of preparation procedure time, the UE needs to report its supported value of the preparation procedure time to the gNB.
Proposal 6:  The preparation procedure time needs to be reported to the gNB.

The definition of preparation procedure time requires the participation of RAN4, and the preparation procedure time is also related to minimum interval between two succeeding UL Tx switching.
Observation 5:  The values of the preparation procedure time needs insights from RAN4.

Conclusion 
In this contribution, we discuss possible issues on Rel-18 multi-carrier UL Tx switching, we have the following conclusions:
Observation 1:  There may be ambiguity on determining the Tx chain state between two adjacent uplink transmissions in some cases, i.e. band pairs contains the same band on which single port transmission is allowed.
Observation 2:  UE is aware of its operation state and whether switching period is needed or not before a pending uplink transmission.
Observation 3:  Limited combinations of UL transmission will not only limit the flexibility of base station scheduling, but also introduce additional delay.
[bookmark: _GoBack]Observation 4:  UL Tx switching across more than two bands may increase UE memory.
Observation 5:  The values of the preparation procedure time needs insights from RAN4.
Proposal 1:  There should be no restrictions on the band pairs for Rel-18 UL Tx switching.
Proposal 2:  Ambiguity on switching period can be resolved by implementation.
Proposal 3:  UE is allowed with more preparation procedure time for UL Tx switching across more than 2 bands once band pair is changed.
Proposal 4:  The preparation procedure time needs to be defined independently.
Proposal 5:  UE doesn’t expect any uplink transmission during preparation procedure time caused by band information updating.
Proposal 6:  The preparation procedure time needs to be reported to the gNB.
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