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Discussion
1      Introduction
Regarding the Rel-18 UL Tx switching across up to 3 or 4 bands objective in the WID on multi-carrier enhancements [1], RAN1 has the target to complete the design in this meeting.
In this contribution, we discuss some remaining issues for the support of Rel-18 UL Tx switching across up to 3 or 4 bands.
2      Discussion
2.1     Remaining issues on switching cases and mechanisms
In the last RAN1 #110bis-e meeting, detailed switching cases and mechanisms for switched UL and dual UL were discussed. New conditions where the switching period is required for Rel-18 UL Tx switching were agreed to be introduced for dual UL. For switched UL and/or for the case with complexity reduction option 1 or 2, the switching cases and mechanisms are FFS [2].
	Agreement

If Rel-18 UL Tx switching for 3 or 4 bands is supported, following is considered as baseline.

· Existing conditions where the switching period is required can be reused for Rel-18 UL Tx switching with 3 or 4 bands when only two bands are involved in a switching

· New conditions where the switching period is required should be introduced for Rel-18 UL Tx switching with 3 or 4 bands when more than two bands are involved in a switching

· For dual UL, following new conditions are considered

· When the UE is to transmit a 1-port or 2-port transmission on one uplink carrier on one band (1st band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (2nd and 3rd band) 

· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 2T on a carrier on another band (3rd band) 

· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on one of the bands and another different band (1st or 2nd band, and 3rd band)
· When the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on different bands (1st and 2nd band) and if Tx chain state at the preceding uplink transmission is 1T + 1T each on a carrier on other different bands (3rd and 4th band)

· FFS for switched UL and/or for the case with complexity reduction option 1 or 2

· FFS the same or different switch period for existing conditions and new conditions

Agreement
Consider following alternatives on the supported switching cases (Tx chain states) for each scenario
· Scenario#1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, 

· Alt.1-1: only switching cases (Tx chain states) with 2T are assumed
· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed 
· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed 
· Alt.1-2: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· Scenario#2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands, 

· Alt.2-1: for the band where 2 ports UL transmission is not supported, switching cases (Tx chain states) with 1T-1T can be assumed
· FFS: detailed switching cases to be assumed with different number of bands supporting up to 2 ports UL transmission
· Alt.2-2: only switching cases (Tx chain states) with 2T are assumed
· Assumed switching cases are same as Scenario#1
· Alt.2-3: switching cases (Tx chain states) with 1T-1T can also be assumed
· FFS: detailed switching cases to be assumed
· FFS: Scenario#3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, 

· Alt.3-1: corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed
· FFS: if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission only on some of the bands
· Alt.3-2: corresponding switching case(s) with 1T-1T for the band pair(s) are assumed
· Assumed switching cases are same as the case where UE supports dual UL for all band pairs in the band combination


For scenario #1 with switched UL if UE supports up to 2 ports UL transmission on all the bands in the band combination, extending the Rel-17 Tx chain states with 2T on each band to Rel-18 3 or 4 bands cases is considered as backward compatible and minimum switching cases required. The switching period is only applicable when the UL transmissions are switched between different bands. Since only two bands are actually involved for one switching, the required switching period is the value applied for the involved band pair. 
Proposal 1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed.

· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed. 

· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed.
For scenario #2 with switched UL if UE supports up to 2 ports UL transmission only on some of the bands, there is(are) band(s) only 1 port UL can be transmitted on. As Alt.2-1/Alt. 2-3, only 1Tx chain can be switched to the band supporting 1 port transmission, the location of the other Tx chain has multiple possibilities as shown in Table 1 for 3 bands case and Table 2 for 4 bands case.
Table 1 Mapping between Tx chains and UL transmission antenna ports for switched UL Tx switching across 3 bands
	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C

	Case 1
	If band A supports up to 2 ports, 2T+0T+0T;
If band A supports 1 port, 1T+1T+0T or 1T+0T+1T
	If band A supports up to 2 ports, 2P+0P+0P, 1P+0P+0P;

If band A supports 1 port, 1P+0P+0P

	Case 2
	If band B supports up to 2 ports, 0T+2T+0T;
If band B supports 1 port, 1T+1T+0T or 0T+1T+1T
	If band B supports up to 2 ports, 0P+2P+0P, 0P+1P +0P;
If band B supports 1 port, 0P+1P +0P

	Case 3
	If band C supports up to 2 ports, 0T+0T+2T;

If band C supports 1 port, 0T+1T+1T, or 1T+0T+1T
	If band C supports up to 2 ports, 0P+0P+2P, 0P+0P+1P;
If band C supports 1 port, 0P+0P+1P


Table 2 Mapping between Tx chains and UL transmission antenna ports for switched UL Tx switching across 4 bands
	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C+ Number of Tx chains for Band D
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C+ Number of antenna ports for UL transmission in Band D

	Case 1
	If band A supports up to 2 ports, 2T+0T+0T+0T
If band A supports 1 port, 1T+1T+0T+0T, or 1T+0T+1T+0T, or 1T+0T+0T+1T
	If band A supports up to 2 ports, 2P+0P+0P+0P, 1P+0P+0P+0P
If band A supports 1 port, 1P+0P+0P+0P

	Case 2
	If band B supports up to 2 ports, 0T+2T+0T+0T
If band B supports 1 port, 1T+1T+0T+0T, or 0T+1T+1T+0T, or 0T+1T+0T+1T
	If band B supports up to 2 ports, 0P+2P+0P+0P, 0P+1P +0P+0P
If band B supports 1 port, 0P+1P +0P+0P

	Case 3
	If band C supports up to 2 ports, 0T+0T+2T+0T
If band C supports 1 port, 1T+0T+1T+0T, or 0T+1T+1T+0T, or 0T+0T+1T+1T
	If band C supports up to 2 ports, 0P+0P+2P+0P, 0P+0P+1P+0P
If band C supports 1 port, 0P+0P+1P+0P

	Case 4
	If band D supports up to 2 ports, 0T+0T+0T+2T
If band D supports 1 port, 1T+0T+0T+1T, or 0T+1T+0T+1T, or 0T+0T+1T+1T
	If band D supports up to 2 ports, 0P+0P+0P+2P, 0P+0P+0P+1P
If band D supports 1 port, 0P+0P+0P+1P


When there is 1 port transmission on the band not supporting 2 ports transmission, the ambiguity on the location of the other Tx chain impacts the switching period determination for the switching to or from the band with only 1 port support. For example, assuming band A supports up to 2 ports while band B and C support 1 port of the 3 bands case, if 2 ports transmission on band A is switched to 1 port transmission on band B, whether the switching period is determined as the maximum value of the switching periods applied for band pair AB and band pair AC, or determined as the switching period applied for band pair AB depends on the other Tx chain is switched to band C or not. If further the next transmission is 1 port on band C, no switching is required if the current Tx chain state is 0T+1T+1T, which Tx chain needs to be switched should be decided if the current Tx chain state is 1T+1T+0T. However, the previous no switching is required option is not consistent with Rel-16/17 switched UL design, that is when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of [image: image2.png]N. Tx1-Tx2



 on any of the carriers. Resolving the ambiguity of the Tx chain state for 1 port transmission on the band with only 1 port support requires additional signaling design since the existing RRC parameter configuring {oneT, twoT} via uplinkTxSwitching-DualUL-TxState can’t be applied for all the case. The switching cases with ambiguity also relate to how many bands within the band combination will support only one port, which is still not determined. Considering the specification complexity and the limited discussion time, reusing the Rel-16/17 switched UL switching period determination principle is preferred rather than Alt.2-1/Alt. 2-3. The Tx chain state for 1 port transmission on the band supporting only 1 port is UE implementation and transparent to gNB. When the UL transmissions are switched between different bands in a band pair, the switching period is required, and the length is as the reported value by the UE for the band pair the UL is transmitted on before and after the switching.
Proposal 2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, the switching period is required when the UL transmissions are switched between different bands in a band pair, and the length is as the reported value by the UE for the band pair taking into account all the Tx chain state implementation.
For scenario #3 with dual UL if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, as an example of switching across 3 bands and concurrent transmission not allowed on band pair A and B, the mapping between Tx chains and UL transmission antenna ports of Alt.3-1 and Alt.3-2 is as Table 3.
Table 3 Mapping between Tx chains and UL transmission antenna ports for dual UL Tx switching across 3 bands when concurrent transmission is not supported on band pair A and B
	
	Number of Tx chains for Band A+ Number of Tx chains for Band B+ Number of Tx chains for Band C
	Number of antenna ports for UL transmission in Band A+ Number of antenna ports for UL transmission in Band B+ Number of antenna ports for UL transmission in Band C

	Case 1
	2T+0T+0T
	2P+0P+0P, 1P+0P+0P

	Case 2
	0T+2T+0T
	0P+2P+0P, 0P+1P+0P

	Case 3
	0T+0T+2T
	0P+0P+2P, 0P+0P+1P

	Case 4
	Alt.3-1: 1T+1T+0T
Alt.3-2: 1T+1T+0T
	Alt.3-1: 1P+0P+0P, 1P+1P+0P, 0P+1P+0P
Alt.3-2: 1P+0P+0P, 1P+1P+0P, 0P+1P+0P

	Case 5
	1T+0T+1T
	1P+0P+0P, 1P+0P+1P, 0P+0P+1P

	Case 6
	0T+1T+1T
	0P+1P+0P, 0P+1P+1P, 0P+0P+1P


The difference between Alt.3-1 and Alt.3-2 is when 1 port transmission on one band (e.g. band A in the table) is switched to 1 port transmission on the other band (e.g. band B in the table) within the band pair not supporting concurrent transmission, switching period is needed for Alt.3-1, while Alt.3-2 supports such switching without switching period. The latter alternative requires more advanced implementation for the UE than switched UL, which benefit is not obvious and is over optimization. The UE implementation can fallback to switched UL on the band pair not supporting concurrent transmission.
Proposal 3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed.
2.2     Resolving the ambiguity on Tx chain state
For Tx switching across 3 or 4 bands and dual UL, the state of Tx chains after Tx switching is not unique in some cases. The issue on ambiguous Tx chain state was discussed in the last meeting reaching the below working assumption.
	Working Assumption
At least for dual UL, reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state at least for following cases

· Case#1 of the issue: two Tx chains are currently associated with band A, and next transmission is 1 port transmission on band B, but there are multiple possible switching cases where 1P on band B is supported
· if twoT is indicated, both of two Tx chains are switched to band B
· if oneT is indicated, one Tx chain is switched to band B while another Tx chain remains on band A
· Case#2 of the issue: two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, but there are multiple possible switching cases where 1P on band C is supported

· if twoT is indicated, both of two Tx chains are switched to band C

· if oneT is indicated, one Tx chain is switched to band C while how to determine the associated band for another Tx chain is FFS

· Alt.1: based on gNB’s configuration/indication e.g., new RRC parameter

· Alt.2: based on predefined rule

· Other alternative is not precluded

· FFS for other potential cases


Based on proposal 2, there is no need to indicate a Tx chain state for switched UL. The working assumption to reuse existing RRC parameter uplinkTxSwitching-DualUL-TxState can be confirmed. Regarding Alt.1 and Alt. 2 of case #2, reusing the RRC indication principle has the benefit of flexibility. A new RRC parameter can configure whether another Tx chain remains on band A or band B. 
Proposal 4: Confirm the working assumption to reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state for dual UL.
· When two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, one Tx chain is switched to band C if oneT is indicated by uplinkTxSwitching-DualUL-TxState, a new RRC parameter is used to indicate whether another Tx chain remains on band A or band B.
2.3     Switching period location
In Rel-16/17, for dynamic uplink Tx switching between 2 bands, the RRC parameter uplinkTxSwitchingPeriodLocation configures TRUE or FALSE for each carrier belonging to the bands. The value TRUE means the location of UL Tx switching period is in the band corresponding to the indicated carrier. It provides flexibility for gNB to decide the victim band of the switching. 
For switching period location determination of Rel-18 Tx switching across 3 or 4 bands, RAN4 had agreed for single-TAG case 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 further details to be discussed in RAN1 [3]. The proposed agreement related to how to reuse Rel-16/17 approach to determine the switching period location was discussed in the last RAN1 meeting. The proposal had not been agreed as companies had different views on the description in the bracket.
	Updated Proposed agreement 4.2.1
· Study on how to reuse Rel-16/17 approach to determine the switching period location [when the scheduled gap between two transmissions is smaller than the reported switching gap] i.e., semi-static configuration of switching period location on one of the bands for each switching band pair, and consider following options to solve the potential ambiguity issue on the switching period location for decision in RAN1#111
· Opt.0: Switching period location can be determined based on the indication of switching period location per band pair

· Opt.1: Switching period location can be determined based on predefined rule such as switch-from or switch-to
· Opt.2: Switching period location can be determined or configured based on specific band(s)

· Opt.3: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to}

· Opt.4: Switching period location can be determined based on the priority list of bands configured to the UE

· Opt.5: Switching period location can be determined based on the indication of switching period location {switch-from, switch-to} per band pair

· Other option is not precluded

· FFS whether RAN1 spec impact is needed


As for the applicable scenario of the determined the switching period location, in the series of figures 6.3A.3.3.X and 6.3C.3.X of TS38.101-1, contiguous UL transmissions are plotted, with description that the length of uplink switching period X is less than the value indicated by UE capability [4]. From our view, the switching period location needs to be defined when the scheduled gap between two transmissions is smaller than the reported switching period since it needs to decide which one of the UL transmissions is the victim one. On the contrary, if the scheduled gap between two transmissions is longer than the reported switching period, there is enough time between the two transmissions to perform the switching, thus neither of two transmissions is impacted by the switching and it is not necessary to determine the victim carrier. The sentence in bracket is helpful to clarify the switching period location applicable cases.
Then for the listed options, option 0 is the Rel-16/17 approach agreed to be reused by RAN4 in the LS. However, option 0 alone can’t solve the potential ambiguity issue on the switching period location. For example, when the actually involved band number for a switching procedure is 3, if the current state of Tx chains is 2Tx on band A, and next the UE is to transmit a 1-port + 1-port transmission each on one uplink carrier on band B and C. For Tx switching between band pair AB the switching period location is indicated on band A, and for Tx switching between band pair AC the switching period location is indicated on band C, then how to determine the switching period location for the switching procedure? For another example, for Tx switching across 4 bands of band A, B, C and D, if the current state of Tx chains is 1Tx on band A and 1Tx on band B, the next UL transmission has simultaneous 1-port transmission on bands C and D, it is possible that the Tx switching can be conducted from band A to C, B to D or from band A to D, B to C, and the switching period location is configured respectively for band pairs AC, BD, AD, BC, then how to determine the switching period location for the switching procedure?
It is not clear how the options using predefined or indicated {switch-from, switch-to} band as the located band for switching period can solve the ambiguity issue, because the switch-from or switch-to band can include multiple bands in Rel-18 Tx switching. Meanwhile, option 5 is not reusing Rel-16/17 approach, as the switching period location is determined semi-statically in Rel-16/17, however it is changed depending on the actual switching pattern by option 5. Option 2 seems to take the anchor band as the switching period located band, but based on previous agreed baseline of switching mechanism, the Tx is switched without anchor band limitation. By determining the switching period location, gNB should be able to protect the more important carrier from UL interruption considering to maximize the performance gain brought by the switching. The evaluation in [5] shows when the switching period is placed in FDD carrier, the TDD carrier can be protected and more performance gain is observed by Tx switching. Thus among the indicated switching period locations per band pair from all the possible involved band pairs by switched Tx, switching period location can be determined on the band with highest priority. The highest priority band is configured to the UE by priority list of bands or determined based on some predefined rule.
Proposal 5: When the scheduled gap between two transmissions is smaller than the reported switching gap, the switching period is located on the band with highest priority, among the indicated switching period located bands for all the possible involved band pairs by the switching.
2.4     Minimum separation time between two UL Tx switchings
On the complexity reduction options for Rel-18 multi-carrier UL Tx switching, besides the support of only some of band pairs for concurrent UL transmission, the support of only some of band(s) for up to 2 ports UL transmission, another complexity reduction mechanism to be studied is the minimum separation time between two UL Tx switchings.
	Working assumption
Study the following alternatives for the minimum separation time between two UL Tx switchings for Rel-18 UL Tx switching schemes across up to 3 or 4 bands, and decide in RAN1#111 whether/which of the following alternatives is needed
· Alt.1: define 14 symbols based on a SCS (FFS on SCS) as minimum separation time between two UL Tx switchings
· Alt.2: define that no more than one uplink Tx switching within a reference slot based on a SCS (FFS on SCS)
· Alt.3: define X slots as minimum separation time between two UL Tx switchings where 3 bands are involved in total, and define Y slots as minimum separation time between two UL Tx switchings where 4 bands are involved in total, where X and/or Y is no less than 1 (FFS on X,Y, FFS reference SCS for the slots in case of multiple SCSs across carriers or expressed in unit of micro second)
· Alt.4: report the minimum separation time for different switching cases
· Other alternative is not precluded
· FFS: Applicable cases for the restriction
· Note: Companies are encouraged to provide detailed numbers of minimum separation time


For one thing, the applicable cases for the minimum separation time should not put additional restriction on the switching procedure similar as Rel-16/17. Even the configured number of bands for Tx to be dynamically switched in Rel-18 is up to 3 or 4, if only the same two bands are involved in total for consecutive two UL Tx switchings, for backward compatibility the consecutive two UL Tx switchings does not happen within a reference slot based on the maximum SCS of the involved two bands. In this case same as Rel-16/17, if there is Tx switching at the end of a reference slot, the next Tx switching could be at the beginning of the next reference slot. There is no restriction on how close the two consecutive switching could be as long as they are belonged to different reference slots.
For another thing, when consecutive two UL Tx switchings involve 3 or 4 bands in total, the applicable cases for the minimum separation time should be limited to the cases the UE really has additional burden to switch the Tx frequently. One example case to preclude is under some band combinations with less bands performing UL-MIMO, the UE could do the switching without minimum separation time as less resource is required implementing not much UL-MIMO. Another example case is although 3 or 4 bands are involved for two UL Tx switchings, there is no UL scheduling before and near the first switching period, so that the UE could have enough time preparing for the switching. In these examples, the Rel-16/17 restriction can be reused by extending the reference slot definition to be based on the maximum SCS of the 3 or 4 bands.
Proposal 6: For Rel-18 UL Tx switching across up to 3 or 4 bands, if only the same two bands are involved in total for consecutive two UL Tx switchings, the consecutive two UL Tx switchings does not happen within a reference slot based on the maximum SCS of the involved two bands.
Proposal 7: For Rel-18 UL Tx switching across up to 3 or 4 bands, if consecutive two UL Tx switchings involve 3 or 4 bands in total, the applicable cases for the minimum separation time should be limited to the cases the UE really has additional burden to switch the Tx frequently.
3      Conclusion
In this contribution, we discussed some remaining issues for Rel-18 UL Tx switching across up to 3 or 4 bands. Based on the discussion, we have following proposals:
Proposal 1: For switched UL, if UE supports up to 2 ports UL transmission on all the bands in the band combination, only switching cases (Tx chain states) with 2T are assumed.

· In case of 3 bands, 3 switching cases ({2T,0T,0T}, {0T,2T,0T}, {0T,0T,2T}) are assumed. 

· In case of 4 bands, 4 switching cases ({2T,0T,0T,0T}, {0T,2T,0T,0T}, {0T,0T,2T,0T}, {0T,0T,0T,2T}) are assumed.
Proposal 2: For switched UL, if UE supports up to 2 ports UL transmission only on some of the bands in the band combination, the switching period is required when the UL transmissions are switched between different bands in a band pair, and the length is as the reported value by the UE for the band pair taking into account all the Tx chain state implementation.

Proposal 3: For dual UL, if UE does not support concurrent transmission on specific band pair(s) and supports up to 2 ports UL transmission on all the bands in the band combination, corresponding switching case(s) with 1T-1T for the band pair(s) are not assumed.

Proposal 4: Confirm the working assumption to reuse existing RRC parameter {oneT, twoT} via uplinkTxSwitching-DualUL-TxState to solve the issue on ambiguous switching state for dual UL.

· When two Tx chains are currently associated with band A and B, and next transmission is 1 port transmission on band C, one Tx chain is switched to band C if oneT is indicated by uplinkTxSwitching-DualUL-TxState, a new RRC parameter is used to indicate whether another Tx chain remains on band A or band B.
Proposal 5: When the scheduled gap between two transmissions is smaller than the reported switching gap, the switching period is located on the band with highest priority, among the indicated switching period located bands for all the possible involved band pairs by the switching.

Proposal 6: For Rel-18 UL Tx switching across up to 3 or 4 bands, if only the same two bands are involved in total for consecutive two UL Tx switchings, the consecutive two UL Tx switchings does not happen within a reference slot based on the maximum SCS of the involved two bands.

Proposal 7: For Rel-18 UL Tx switching across up to 3 or 4 bands, if consecutive two UL Tx switchings involve 3 or 4 bands in total, the applicable cases for the minimum separation time should be limited to the cases the UE really has additional burden to switch the Tx frequently.
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