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1. Introduction
In this document, we provide our views on mechanisms for dynamic Tx carrier switching across configured bands.
2. Discussion
2.1 Details of UL Tx switching cases and switching period location
Based on the rapporteur’s report from the RAN #98 meeting [1], RAN1 should discuss some potential issues including switching period location. In the RAN1 #111 meeting, feature lead has summarized some potential alternative solutions [2] for the switching period location issue, which are listed as following.
	Down-select a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.1: switching period location is configured per band pair
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to highest carrier frequency among the bands configured with switching period location as TRUE
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: gNB configures “switching-from band” or “switching-to band”
· If gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed
· Alt.4: gNB configures switching period location per switching case
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {B - C}, {A+B - C}, {A+C - B}, {B+C - A}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {A - D}, {B - C}, {B - D}, {C - D}, {A+B - C}, {A+B - D}, {A+C - B}, {A+C - D}, {A+D - B}, {A+D - C}, {B+C - A}, {B+C - D}, {B+D - A}, {B+D - C}, {C+D - A}, {C+D - B}, {A+B – C+D}, {A+C – B+D}, {A+D – B+C}
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on the band that is not with the highest priority.



On the other hand, RAN4 has reached an agreement on how to determine the switching period location, which is captured in the LS [3] as following.
	Issue 4: Location of switching period
· For single-TAG case, RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1.
· Meanwhile, RAN4 has not concluded on the switching period location for 2-TAG case, with further discussions ongoing.



In Rel-16/17, the RRC parameter uplinkTxSwitchingPeriodLocation-r16 with a BOOLEAN value is used to indicate whether the switching location is on the configured serving cell or not. To support Tx switching among 3 or 4 bands, applying the Rel-16/17 approach (i.e., uplinkTxSwitchingPeriodLocation-r16) will restrict the switching patterns. For example, considering a scenario as depicted in Fig. 1, a UE is to switch a first Tx from band A to band B and switch a second Tx from band C to band B. To align the switching period location indication, the gNB has to indicate cells of band A and band C with uplinkTxSwitchingPeriodLocation-r16 = FALSE, and indicate a cell of band B with uplinkTxSwitchingPeriodLocation-r16 = TRUE, or in the reversed way. With the same indication to band A and band C (e.g., FALSE), it limits the possibility to schedule the UE to switch between band A and band C.
Observation 1: Reusing Rel-16/17 approach (i.e., uplinkTxSwitchingPeriodLocation-r16) for indicating switching period location will limit the scheduling flexibility from switching between bands that are configured with the same indication (i.e., TRUE or FALSE).
Introducing a similar indication per band pair can be a way around. For example, in Alt.1 and Alt. 2, the switching period location is indicated per band pair. A possible implementation is to set the indicator as TURE to indicate to have the switching period location on the first band in the band pair. Likewise, the gNB can indicate UE to have the switching period location on the second band in the band pair by setting the indicator as FALSE. However, this method still has to handle the case when the Tx switching involves 2 band pairs and the indication in one band pair contradicts to the one in another band pair. For example, with the same switching scenario in Fig. 1, if the UE is indicated to have the switching period location on band A for the band pair A-B, and on band B for the band pair B-C, then the UE will be confused whether to apply the indication of band pair A-B (i.e., switching-from band(s)) or band pair B-C (i.e., switching-to band). 
Alt. 1 and Alt. 2, each respectively provides an implicit and explicit way of determining the band/carrier under this ambiguous condition. Regarding Alt. 1, the UE resolves the ambiguous condition by comparing the frequency location of bands that are indicated with TRUE. The method does not need extra RRC overhead, but limits the flexibility of the gNB to configured important transmission on a band with higher frequency location.
[image: ]
Fig. 1. An UL Tx switching period location determination scenario among Band A, B, and C
Regarding Alt. 2, it tries to resolve the ambiguous condition by configuring priority to each cell. However, the description of the sub-bullet may cause some issues. For example, with the same scenario as in Fig. 1, if band A has the highest priority and band C has the lowest priority for determining switching period location among band A, B, and C, the UE will determine to have the switching period on the switching-from bands (i.e., band A and band C) according to the sub-bullet of Alt. 2. However, it violates the original intention of protecting data transmission on the band with the highest priority. The current description does not consider the case that bands with the highest and the lowest priority may belong to the same switching group (refer to the switching-from or switching-to band(s)). To fix this issue, the sub-bullet of Alt. 2 can be modified as the description of Alt. 5.  
In Alt. 5, the UE first checks the priority of switching-from band(s) (i.e., band A and band B) and switching-to band (i.e., band B). Because the band with the highest priority, namely band A, is in the switching-from band(s), the UE determines to have the switching period location on the switching-to band to protect the transmissions on the band A. The strategy of Alt.5 can complete the task along without using the TRUE/FALSE indication per band pair. However, it can also work well with the TRUE/FALSE indication. For example, with modified Alt. 2, the UE can find the band pair that includes the band with the highest priority, which is band pair A-B. Then the UE can determine the switching period location according to the indication of band pair A-B, and the result will be the band B (i.e., the switching-to band).
Observation 2: Regarding Alt. 2, UE may make a wrong decision if the UE is to switching-from (or switching-to) bands that include both the highest and the lowest priorities.
Proposal 1: Modify Alt. 2 as the following
	· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band among bands configured with switching period location as TRUE that is paired with the highestlowest priority band in a band pair. among bands configured with switching period location as TRUE


Proposal 2: Support Alt. 5, which is the simplest design to resolve the ambiguous condition. Alt. 2 can be supported as a compromise if companies insist to introduce TRUE/FALSE indication per band pair.
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Fig. 2. UL Tx switching period location determination scenarios among Band A, B, and C, where the gNB would like to protect UL transmissions on the Band A. 
Regarding Alt. 4, it is not clear how to implement it. In one possible implementation, if it implies the gNB indicates one band in a set of bands to have the switching period location, it may introduce problems as shown in Fig. 2. Assume the gNB in Fig. 2 tries to protect transmission(s) on band A, thus it expects the UE to have the switching period location on the switching-to band (i.e., band B in case (a) and band C in case (b)). However, indicating to have the switching period location on band B or band C will contradict to case of (b) and (a), respectively. In another possible implementation, if the gNB can indicate one band in a set of bands not to have the switching period location, which means in Fig.2 the gNB will indicate FALSE to band A. With this implementation, it is similar to Alt. 5, which indicates band priorities in an indirect way. For example, indicating not to have the switching period location on band A in a set of bands {A, B, C} implies that band A has a higher priority than band B and C. Then indication of sets {A, B} and {A, C} are redundant, which can be waived. Then indicating not to have the switching period on band B in a set of bands {B, C} implies band B has a higher priority than band C. As a result, it indicates the priorities of bands A, B and C as A>B>C.  
Observation 3: It is not clear how to implement Alt. 4. The only reasonable implementation is to indicate one band in a set of bands not to have the switching period location, which introduces redundant overhead to achieve the same result as Alt. 5 (i.e., indicating priorities among bands).
[bookmark: _GoBack]Regarding Alt. 3, the gNB indicates switching period location to each switching case pairs, where the term switching case pair implies a set of bands with a certain switching direction. In 3 and 4 bands switching case, there are 6 and 21 switching case pairs, respectively. Overall, Alt. 3 resolves the ambiguous condition by indicating the switching period location in an exhaustive list, which introduces the largest RRC overhead than other alternatives for the same purpose. On the other hand, according to the agreement captured in the RAN4 LS [4] as following, there is no intention to define a new terminology such as switching case pair for the switching period indication.
	Issue 2: Ambiguity issue when two Tx chains are switched between two different band pairs
For Rel-18 UL Tx switching among 4 bands, when switching from 1T+1T on band A and B to 1T+1T on band C and D is performed, and it is not clear whether UE performs Tx switching {from band A to C + B to D} or {from band A to D + B to C}, RAN4 agreed that:
· As baseline UE assumption, no need to resolve the ambiguity issue of the switching pattern for each Tx chain and determine the switching gap based on the worst case by default, i.e., neither of the two Tx chains is expected to be used for transmission during the maximum of the four switching periods, i.e., max {Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C}.
Note: Tswitch_A-C, Tswitch_B-D, Tswitch_A-D, Tswitch_B-C are the switching periods reported by the UE for band pair A&C, B&D,A&D and B&C, respectively.


Observation 4: Alt. 3 indicates the switching period location in an exhaustive list of band combination with switching directions, which introduces large RRC overhead.
Observation 5: Based on the agreement from RAN 4, there is no intention to introduce the concept such as switching case pair for the switching period configuration and indication.
Proposal 3: Alt. 3 and Alt. 4 are not supported.

3. Conclusion
Observation 1: Reusing Rel-16/17 approach (i.e., uplinkTxSwitchingPeriodLocation-r16) for indicating switching period location will limit the scheduling flexibility from switching between bands that are configured with the same indication (i.e., TRUE or FALSE).
Observation 2: Regarding Alt. 2, UE may make a wrong decision if the UE is to switching-from (or switching-to) bands that include both the highest and the lowest priorities.
Proposal 1: Modify Alt. 2 as the following
	· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band among bands configured with switching period location as TRUE that is paired with the highestlowest priority band in a band pair. among bands configured with switching period location as TRUE


Proposal 2: Support Alt. 5, which is the simplest design to resolve the ambiguous condition. Alt. 2 can be supported as a compromise if companies insist to introduce TRUE/FALSE indication per band pair.
Observation 3: It is not clear how to implement Alt. 4. The only reasonable implementation is to indicate one band in a set of bands not to have the switching period location, which introduces redundant overhead to achieve the same result as Alt. 5 (i.e., indicating priorities among bands).
Observation 4: Alt. 3 indicates the switching period location in an exhaustive list of band combination with switching directions, which introduces large RRC overhead.
Observation 5: Based on the agreement from RAN 4, there is no intention to introduce the concept such as switching case pair for the switching period configuration and indication.
Proposal 3: Alt. 3 and Alt. 4 are not supported.
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