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 Introduction
A work item on multi-carrier enhancements was approved in RAN#94-e with the following objective on UL Tx switching ‎[1]:
	1) Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed


In this contribution, we discuss the pros and cons of UL Tx switching on more than two carriers and provide views on the UE’s procedures to facilitate the implementation of such feature. In addition, we provide evaluation results for the performance of dynamic UL Tx switching.
UL Tx switching in R18
UL Tx switching between two configured bands was introduced in R16 and further enhanced in R17 to improve the UL performance by allowing the 2Tx to be used any one of the two bands with UL MIMO. However, 2TX UE can be configured with at most 2 UL bands, which only can be changed by RRC reconfiguration, and UL Tx switching can only be performed across the 2 configured UL bands. Allowing the network to configure the UE with more than 2 bands and trigger the UL Tx switching dynamically could enhance the system performance be allowing more UL transmission opportunities.
In this section, we discuss the possible configurations for UL Tx switching in R18.
Switching period: Unlike R16/R17 UL Tx switching, in R18 the Tx switching will be among more than two bands. This will require more complex implementation on the UE side and, larger switching period might be required compared to R16/R17 switching period.
Proposal 1: For UL Tx switching among 3/4 bands, the required switching period is reported separately from R16/R17 switching period. 

Number of configured carriers: The UE report its capability on the number of carriers it can support. With R18 the Tx switching, the UE will be configured for 3 or 4 bands simultaneously, but the transmission can occur on 2 bands at most. However, if the UE is configured with number of carriers (inter-band and intra-band) that is more than the UE capability of total number of carriers, this will result in a whole reconfiguration when Tx switching is triggered. Hence, for R18 the Tx switching, the UE shouldn’t be expected to be configured with number of UL carriers that is larger than the reported number total number of UL carriers.
Proposal 2: [bookmark: _Hlk111216716]For UL Tx switching among 3/4 bands, the UE shouldn’t be expected to be configured with number of UL carriers that is larger than the reported number total number of UL carriers.

Supported number on switching cases: For option#2 of Tx switching where simultaneous transmission on the two bands is supported, the possible case for the 3 bands scenario is provided in the table below. Supporting the switching between all these cases could be challenging for most of the UEs. Also, from network operation perspective, switching between all these cases may not be crucial for the UL performance. Hence, it is essential to allow the UE to report which Tx switching mode (switchedUL or dualUL) is supported for any band combination.
Table 1: The possible cases for UL Tx switching among 3 bands.
	
	Antenna Tx Mode
	#antenna ports for UL

	Case 1
	1T+1T+0T
	(1P+0P+0P), (1P+1P+0P), (0P+1P+0P)

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

	Case 3
	0T+1T+1T
	(0P+1P+0P), (0P+1P+1P), (0P+0P+1P)

	Case 4
	2T+0T+0T
	(2P+0P+0P), (1P+0P+0P)

	Case 5
	0T+2T+0T
	(0P+2P+0P), (0P+1P+0P)

	Case 6
	0T+0T+2T
	(0P+0P+2P), (0P+0P+1P)



Proposal 3: For UL Tx switching among 3/4 bands, the supported Tx switching option (switchedUL or dualUL) is reported per band combination.

In RAN1#109-e, the following agreement was reached on the options for Tx switching between 3 or 4 bands.
	Agreement
Companies are encouraged to investigate pros and cons of following possible mechanisms for dynamic Tx carrier switching across the configured bands, and RAN1 strives for the down-selection at RAN1#110
· 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 UL grant and/or RRC configuration for UL transmission
· [bookmark: _Hlk111216164]Alt.2: NW indicates 2 bands out of the configured bands (3 or 4 bands) via DCI or MAC-CE, and dynamic Tx carrier switching between indicated bands is same as Rel-17
· Alt.3: One anchor band is selected among configured bands (3 or 4 bands), and dynamic Tx carrier switching can be performed only from the anchor band to a non-anchor band and from a non-anchor band to the anchor band
· Note: Other mechanisms are not precluded


The intention of Alt-2 and Alt-3 is to reduce the UE capability. However, these two alternatives don’t provide any UE complexity reduction compared to Alt-1 because the same switching cases are possible in the all the alternatives. The only difference between Alt-2/Alt-3 and Alt-1 is how the Tx switching is signalled and the time required to do the switching.
Observation 1: Alt2 and Alt-3 don’t offer UE complexity reduction compared to Alt-1.
In addition, Alt-2 and Alt-3 will create two switching gaps to move from one band to another band. As an example, for Alt-2, if the gNB indicated to the UE 2 bands (A & B) out of the 3 configured bands (A, B, & C), and later the gNB wants to switch the UE band C. The gNB will have to send a DCI or MAC-CE to enable the switching to band C (e.g., indicating bands A & C), and the UE will require time for reconfiguration (switching-gap#1) from A&B to A&C. Then the gNB send scheduling DCI to schedule transmission on band C, which will also require switching period (switching-gap#2). These two switching gaps will degrade the UL performance. Similarly, in Alt-3, two Tx switching will be required to move from one non-anchor band to another non-anchor.
Also, Alt-2 requires new signalling design for DCI or MAC-CE. In contrast, Alt-1 can be supported with the existing signalling.
Observation 2: For switching between some of the bands, Alt-2 and Alt-3 requires two switching gaps, which degrades the UL performance. Also, Alt-2 requires new signalling design for DCI or MAC-CE.
Proposal 4: Support Alt.1 for R18 UL Tx switching between 3 or 4 bands.
Dynamic UL TX Switching Evaluation
In this section, system-level evaluations on the potential benefit with UL TX switching over 3 or 4 bands are conducted. For the baseline setting, UEs are capable of 2TX switching over 2.6G band and 2.3G band. For the enhancement setting, UEs are capable of 2TX switching over 4 bands: 4.9G band and 700M band in addition to 2.6G band and 2.3G band. gNB scheduling is to select the best UEs for the available bands, starting from larger-BW band to smaller-BW band (lower-freq. band first if the same available BW). For fair comparison between two cases, average 10 UEs per cell are allocated for 2-CC simulation and average 15 UEs per cell for 4-CC case so that average RU is kept the same (~22%). More detailed information can be checked in Table 4 of Appendix.
Larger switching periods, 140 us and 210 us, are assumed for 4-CC UL TX switching, while the switching period is 35 us for 2-CC UL TX switching. In Figure 1, there illustrate example realizations for 2-CC and 4-CC UL TX switching.
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[bookmark: _Ref102134305]Figure 1: Illustration of the two settings compared (scheduling realization for illustration purpose).
Table 3 compares the evaluation results of 2-CC and 4-CC UL 2TX switching. It can be observed that the throughput gain highly depends on the switching period. When UE can support switching period of 140 us, there can provide 17.68% throughput gain. On the other hand, if switching period of 210 us is required, the throughput gain reduces to less than 10%. Thus, we have the following observation and proposal.
Observation 3: The benefit provided by UL 2TX switching over 4 bands highly depends on the achievable switching period. If supporting dynamic switching over more bands causes significant increment in the switching period/gap, there can only less than 7% gain w.r.t. UL TX switching over 2 bands.
[bookmark: _Ref102134517]Table 3: Simulation results of 2-CC/4-CC UL 2-TX switching.
	
	Baseline: 2-CC UL 2-TX switching; switching period = 35 us
	Enh1: 4-CC UL 2-TX switching; switching period = 140 us
	Enh2: 4-CC UL 2-TX switching; switching period = 210 us

	Average user T-put (Mbps) 
	52.93
	62.29
	56.34

	T-put gain (%) 
	-
	17.68%
	6.45%


Conclusion
In this contribution, we discussed UL Tx switching for R18 and we have the following observations and proposals:
Observation 1: Alt2 and Alt-3 don’t offer UE complexity reduction compared to Alt-1.
Observation 2: For switching between some of the bands, Alt-2 and Alt-3 requires two switching gaps, which degrades the UL performance. Also, Alt-2 requires new signalling design for DCI or MAC-CE.
Observation 3: The benefit provided by UL 2TX switching over 4 bands highly depends on the achievable switching period. If supporting dynamic switching over more bands causes significant increment in the switching period/gap, there can only less than 7% gain w.r.t. UL TX switching over 2 bands.
Proposal 1: For UL Tx switching among 3/4 bands, the required switching period is reported separately from R16/R17 switching period. 
Proposal 2: For UL Tx switching among 3/4 bands, the UE shouldn’t be expected to be configured with number of UL carriers that is larger than the reported number total number of UL carriers.
Proposal 3: For UL Tx switching among 3/4 bands, the supported Tx switching option (switchedUL or dualUL) is reported per band combination.
Proposal 4: Support Alt.1 for R18 UL Tx switching between 3 or 4 bands.
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Appendix: Simulation assumptions
The SLS simulation parameters are provided as the following table:
[bookmark: _Ref102134801]Table 4: Parameter of System Level Simulation.
	Frequency band
	2.6G
	4.9G
	2.3G
	700M

	Bandwidth
	100MHz
	100MHz
	50MHz
	30MHz

	Number of carriers
	1

	DL:UL
	8:2
	7:3
	SUL
	FDD

	BS antenna
	64T64R
	64T64R
	32T32R
	4T4R

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	15kHz

	Deployment
	3GPP Dense Urban, 7 sites, 3 sectors per site, 4 bands per sector

	ISD
	200m

	Number of UEs
	Average 10 (15) UEs per cell for 2-CC (4-CC) UL TX switching 
(Outdoor : Indoor = 2: 8)
Note: RU for both 2-CC and 4-CC case are kept the same (~22%)

	Scheduling
	· PF scheduler
· Scheduling starting from larger-BW band to smaller-BW band (lower-freq. band first if the same available BW). A UE without available TX resource (e.g. both 2TX utilized in a previous band) will not be scheduled further.

	Traffic model
	FTP-3 model, 10 Mbps data rate

	Mean packet arrival period
	200 ms

	Packet size
	250 Kbyte
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