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1.	Introduction
New RAN1 lead WI was approved with the objective as follows:
 (
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
)
)
The objective contains two key RAN4 facing objectives:
1) Extend the UL CA framework for 3 and 4 bands with restriction of up to 2 Tx simultaneous transmission
2) Define TX switching requirements for multiple TAGs
 Also as highlighted in the text box above. 
In this paper we discuss the outline what concluding the work for the objectives will mean for RAN4.
2. 	Discussion
 2.1	Extend the UL CA framework for 3 and 4 bands with restriction of up to 2 Tx simultaneous transmission
The objective requires RAN4 to enable UE to be configured for 3 and 4 band UL. This means that band tables would need to be defined for new band combinations for UL. Since there is that restriction for only 2 Tx simultaneous transmissions in the objective, some of the RF impairment discussion can be omitted, such as MSD test point extensions to three and four bands and this restriction should be clary defined in the tables indicating three and four band UL CA.   
Unclear issue is if UE declares the support for this new feature of support TX switching for 3 bands CA_A-B-C, does it automatically mean UE will support simultaneous transmissions on any 2 band of any permutation among the band the three bands A, B and C or is there a such case that UE would support simultaneous A+B and A+C but not B+C. 
Observation 1: It should be discussed if supporting TX switching scheme for 3 or bands with simultaneous transmissions limited to 2 bands mean UE has to support simultaneous transmissions on any permutations of the three or four bands?
Considering a practical example, bands n3, n41 and n78, if the answer is yes to the question 1, then TX switching for n3, n41 and n78 can be defined only after UL CA for n3+n41, n3+n78 and n41+n78 has been defined separately. This is the case for these bands but this approach may put some restrictions if generalized. 
Observation 2: If UE is expected to support UL CA between any permutation of the 3 or 4 band TX switching, all the permutations for 2 and UL CA has to be defined before the 3 or 4 band combination is defined. 
An other approach is that if there is an interest for simultaneous TX on A+B and A+C but not on B+C since B+C maybe such a difficult combination, such as n20+n28, then the A+B+C can not be defined at all.   
Observation 3: In case one band pair is difficult to implement, this may prevent band combo of A+B+C definition and implementation.  
2.2	About number of antenna connectors and carriers on a band
Reading the Rel-17 specification from viewpoint of looking in to what cases are covered in the specifications.  The specification cut out in box below highlight the key phrases for the scope of the requirements:
 (
6.3A.3.3.2 Time mask for switching between 
two uplink carriers
….
NR UL 
carrier 1 is capable of one transmit
 antenna connector and NR UL 
carrier 2 is capable of two transmi
t antenna connectors
….
The switching periods described in Figure 6.3A.3.3.2-1a and Figure 6.3A.3.3.2-1b are located in either NR carrier 1 or carrier 2 as indicated in RRC
6.3A.3.3.3 Time mask for switching between 
two uplink carriers with two transmit antenna connectors
….
where NR UL 
carrier 1 is capable of two transmit
 antenna connectors and NR UL 
carrier 2 is capable of two transmit
 antenna connectors
….
The switching periods described in Figure 6.3A.3.3.3-1a and Figure 6.3A.3.3.3-1b are located in either NR carrier 1 or carrier 2 as indicated in RRC
6.3A.3.3.4 Time mask for switching between one uplink band with 
one transmit antenna connector and one uplink band with two transmit antenna connectors
….
NR UL 
carrier 1 in band A is capable of one transmit
 antenna connector, NR UL 
carrier 2 and carrier 3 in band B
 are capable 
of two transmit
 antenna connector
….
The switching periods described in Figure 6.3A.3.3.4-1a and Figure 6.3A.3.3.4-1b are located in either NR band A or band B
6.3A.3.3.5 Time mask for switching between 
two uplink bands with two transmit antenna connectors
….w
here NR UL 
carrier 1 in band A is capable of two transmit antenna
 connectors, NR UL 
carrier 2 and carrier 3 in band B
 are capable of 
two transmit antenna
 connectors
….
The switching periods described in Figure 6.3A.3.3.5-1a and Figure 6.3A.3.3.5-1b are located in either NR band A or band B
)
This can be summarized in a table format as below in Table 2.2.1.
Table 2.2.1: TX switching cases covered in Rel-17 specification
	Number of bands
	Band A antenna connectors
	Band B Antenna connectors
	Band B carriers
	
	Switching period on band A/carrier 1
	Switching period on band B/carrier 2

	2
	1
	1
	1
	
	Figure 6.3A.3.3.2-1a
	Figure 6.3A.3.3.2-1b

	2
	2
	2
	1
	
	Figure 6.3A.3.3.3-1a
	Figure 6.3A.3.3.3-1b

	2
	2
	1
	2
	
	Figure 6.3A.3.3.4-1a
	Figure 6.3A.3.3.4-1b

	2
	2
	2
	2
	
	Figure 6.3A.3.3.5-1a
	Figure 6.3A.3.3.5-1b



The Rel-18 WID does not specify many of the argument in the Table 2.2.1. It is not specified if WID scope is to define requirements for cases where all bands have two connectors. 
Observation 4: WI scope is not defined for how many of the bands out of 3 or 4 would have 2 connectors. 
Also the number of carriers per band is not specified but RAN#96 provided guidance on this issue with an approved proposal in [6] that includes the sentence:
Intra-band two contiguous aggregated carriers within one non-SUL band out of 3 or 4 bands [6]
So RAN4 can focus on the case where one band only has two UL CCs configured. 
Observation 5: Scope of the WI is limited such way that only one band among 3 or 4 bands that are part of the configured TX switching scheme can have intra-band UL CA configured 
2.3 	”Define TX switching requirements for multiple TAGs”
The multiple TAG creates an interesting dimension to the requirements since it would introduce the 2 TAG case for the 2 band case. In an earlier Rel-17 discussion, one company brough a CR [3] for including 2 TAG case for 2 band case This will be discussed as part of this WI in Rel-18 and we have provided a companion paper [4] to discuss how the requirements for multiple TAGs should be defined using the CR [3] as baseline. but what WI does not detail is how many TAG in total there will be covered. Below is a list of all cases and we make the assumption that at least single TAG is developed for 3 and 4 band cases. 
Table 2.3.1 Number of TAGs vs bands for TX Switching Rel-18
	Bands/TAGS
	1 TAG
	2 TAGS
	3 TAGs
	4 TAGs

	2 bands
	Rel-16/17
	Rel-18
	N/A
	N/A

	3 bands
	Rel-18
	?
	?
	N/A

	4 bands
	Rel-18
	?
	?
	?



If RAN4 agrees to work on cases for all applicable cases in Table 2.3.1, then this filtered with different cases discussed in section 2.2 will indeed create a lot of work and requirements since for every appliable entry, requirements in table 2.2.1 are needed. 
Observation 6: Defining requirements for multiple TAGs for all possible cases significantly increase the cases that need unique requirements
2.4	Possible down scoping
One possible way to help to finish the work item objectives on time is to down scope the WI somehow.  For example possible ways to down scope are
· Limit number of TAGs to 2 in general
· Limit number of TAGs for 3 and 4 band cases to equal number as bands i.e. no requirements for 2 TAG and 3 bands but only 3 bands and 1 and 3 TAGs
· Limit number of TAGs for 3 and 4 band cases to 1
· Limit number of bands with more than one connector for 3 and 4 band cases i.e. no TX Diversity or UL MIMO for 3 and 4 band cases or limit it number of bands with 2 connectors to one
Proposal 1: Ran4 should discuss possible down scoping options for the WID objective in terms of the number of TAGs for a TX switching combination and connectors on a band

3 	RAN1 LS issues
3.1	Switching possibilities between the bands
RAN1 LS [2] asks RAN4 views on possible switching scenarios and associated UE complexity. The cases mentioned in the LS are as follows:
· 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
· 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
The guiding proposal from RAN#96 [6] contains the following text:
· RAN1/2/4 shall work 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 timeframein 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
This means for Option 1 i.e. Switched UL, the Alt.1 is the only option. For option 2 i.e. Dual UL, Alt.2 and Alt.3 are still being discussed. The proposal in [6] also precludes SUL band from Option 2. 
Out of the Alt.2 and Alt.3, the Alt.3 provides more flexibility. The paper in RAN1 [7] states the reasons for not choosing Alt.1 with full flexibility being memory and pre-processing of the data and control complexity if UE has multiple dynamic switching possibilities to track and prepare for. 
One issue to discuss is that the Alt.3 is not fully clear: does it mean that the anchor band always needs to be one of the transmit bands or can for example following sequency happen:

Figure 1. Alt.3 case without transmission on anchor band but within rules in LS [2]
The Figure x indicates that the switching happens to and from anchor band but there is no transmission on anchor band for one instance. Alternative interpretation is that the anchor band always has to have a transmission. From switching dynamics point of view, this does not matter too much and this is why RAN1 did not detail this but this has impact on RAN4 centric issues discussed in section 2.1.
Observation 7: Alt.3 is not fully clear from the LS [2] for Ran4 purposes but it still reduces the switching complexity
Our preference is to define the Alt.3:
Proposal 2: Reply RAN1 that from UE complexity reduction point of view, the Alt.3 with anchor band defined is RAN4 preference. 
3.2	Performance with switching time
RAN1 LS [2] also asks RAN4 about the switching time issue. The LS has observations from RAN1. Mostly, RAN1 observes that switching across 4 bands has benefits but it depends. The only observation with the notions of the switching time which is under ran1 domain unlike scheduling mechanisms, is copied below. 
· Evaluation results in [2] show that the performance gain of UL Tx switching across 4 bands compared with UL Tx switching across 2 bands depends on achievable switching period, and the longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands leads to reduction of the performance gain. Other evaluation results did not consider the impact of longer switching period for UL Tx switching across 4 bands compared with UL Tx switching across 2 bands. 
Also, the reference [5] and the table with results leading to this observation is coped below for convenience. 
[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%



We have to assume that the results in the [5] are normalised with the spectrum usage i.e. using resources from 4 bands is more beneficial for one UE that using resources from 2 bands. Since there are only two simultaneous transmissions and even those are burdened by the switching time, it can be assumed that the benefit is achieved by scheduling around momentary bad channel conditions on a band. The system level benefit can be accomplished only the resources, that are not used by the UE that is switched away from the band, are allocated to other UEs that are in better channel conditions for that band. The information and system simulation setup is not disclosed but the overall benefit discussion should be left to RAN1.
The LS RAN4 contained the references in purpose. Careful reading is required, especially on the highlighted part of the LS text. It should be especially noted that switching between 4 bands has performance gain over switching between 2 bands even if switching time is longer for 4 band case than in 2 band case. With this, ran4 can observe
Observation 8: Switching time can be increased by 210/35 from 2 band TX switching case to 4 band TX switching case and still 4 band case brings benefits
Switching time should not be discussed in ran4 too much since it seems benefits of this feature are independent of the switching time. 
Switching time is a UE capability that currently is for band pairs. New issue with the 4 band switching is, will same capability be re-used or is UE allowed to declare a different switching time for a band pair when it is part of 4 band combination, 3 band combination and 2 band combinations and will use of single or multiple TAGS impact the switching time. 
Proposal 3: RAN4 will reply to RAN1 that existing switching times for TX switching should be re-used from earlier releases.
The detailed LS text can be further discussed but it should be noted that in order to reply to Ran1, more discussions in ran4 are needed about how to apply the switching time capabilities for >2 band combinations with multiple TAGs. 
Proposal 4: RAN4 will discuss further how the switching time capabilities will be defined for different cases of > 2 band TX switching features with > 1 TAG.  
Even for single TAG case, UE may have different capabilities for switching between different bands. In case more than two bands are involved, to ensure the shortest switching time is always used, UE should be allowed to declare different switching time between different band pairs.
Proposal 5: Switching time is a UE capability per band pair for band combinations involving more than two bands
Conclusion
We made following observations:
Observation 1: It should be discussed if supporting TX switching scheme for 3 or bands with simultaneous transmissions limited to 2 bands mean UE has to support simultaneous transmissions on any permutations of the three or four bands?=
Observation 2: If UE is expected to support UL CA between any permutation of the 3 or 4 band TX switching, all the permutations for 2 and UL CA has to be defined before the 3 or 4 band combination is defined. 
Observation 3: In case one band pair is difficult to implement, this may prevent band combo of A+B+C definition and implementation.  
Observation 4: WI scope is not defined for how many of the bands out of 3 or 4 would have 2 connectors. 
Observation 5: Scope of the WI is limited such way that only one band among 3 or 4 bands that are part of the configured TX switching scheme can have intra-band UL CA configured 
Observation 6: Defining requirements for multiple TAGs for all possible cases significantly increase the cases that need unique requirements
Observation 7: Alt.3 is not fully clear from the LS [2] for Ran4 purposes but it still reduces the switching complexity
Observation 8: Switching time can be increased by 210/35 from 2 band TX switching case to 4 band TX switching case and still 4 band case brings benefits
And made the following proposals
Proposal 1: Ran4 should discuss possible down scoping options for the WID objective in terms of the number of TAGs for a TX switching combination and connectors on a band
Proposal 2: Reply RAN1 that from UE complexity reduction point of view, the Alt.3 with anchor band defined is RAN4 preference. 
Proposal 3: RAN4 will reply to RAN1 that existing switching times for TX switching should be re-used from earlier releases.
Proposal 4: RAN4 will discuss further how the switching time capabilities will be defined for different cases of > 2 band TX switching features with > 1 TAG.  
Proposal 5: Switching time is a UE capability per band pair for band combinations involving more than two bands
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