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1.	Introduction
RAN4 was tasked by RAN#99 [1] to assess a specification and UE implementation impact when UE is configured with two serving cells, each with SUL. 
RAN4 has responded with an LS in [2], the contents of which are copied below. 

RAN4 discussed RAN4 specification impact and UE implementation impact for a UE configured with two serving cells, each with SUL. 
The agreements are:
· For a UE configured with two serving cells, each with SUL, UL Tx switching between two SUL carriers and between SUL carrier and non-corresponding NUL carrier can be supported with UL Tx switching framework. Time mask requirements for switching across three or four uplink bands can be applied. No RAN4 specification impact is observed. No UE implementation issue is observed.
· For a UE configured with two serving cells, each with SUL, back to back transmission between two SUL carriers and back-to back transmission between SUL carrier and non-corresponding NUL carrier without any switching period can be supported by some UE implementations but enabling such feature will require RAN4 work. 


In this paper we discuss the next steps to be taken in RAN #100. 
2. 	Discussion
The further detail in the RAN4 task was clarified by sub bullets in the agreed slide. The slide is copied to the annex if this document. 
The sub bullets indicate the following cases:
1) Can two SUL carriers (on different bands) transmit back-to-back?
2) Can a SUL carrier and non-corresponding NUL carrier transmit back-to-back?

Observation 1: Case 1 contains the assumption that two SUL carrier (on different bands) can not transmit at the same time since if this were the case, the question would be moot. 
Observation 2: Case 2 contains the assumption that SUL carrier and non-corresponding NUL carrier can not transmit at the same time.

Further assumption is written in the second sub-bullet and it means this scenario of dual SUL uplink is applicable for Tx switching, according to the Plenary agreement. It should be noted that the apparent assumptions is that UE can be configured with two SULs for uplink, which is contrary to what is in the current dual SUL WID [3]:
“NOTE 2: No simultaneous uplink configuration on the two SUL bands according to Table 1.” 

To illustrate the scenario, we drew a timing diagram. To ensure the terminology is common: in an example configuration CA_SUL_n41A-n95A_SUL_n79A-n98A, the naming is as follows:
· n95: SUL1 and corresponding NUL1: n41
· n98: SUL1 and corresponding NUL2: n79 
And also n41 is the non-corresponding NUL for the n98. 
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Figure 1: Illustration of the scenarios discussed in RAN4

Rel-15 SUL design assumes UE has two TX chains and uses those to transmit SUL and NUL without any delay, as stated in by the note 1 in Table 5.2C-1. 38.101-1 does not define any requirements for ON-OFF time mask for the SUL design which then means network can assume the transmission starts from the first sample of the grant without any transient period. In RAN4 terms, transient periods are assumed to be excluded from the transmissions as stated in clause 6.3.3.2 and in Figure 6.3.3.2-1: General ON/OFF time mask for NR UL transmission in FR1. The Figure 2 shows the specified output power behaviour between SUL and NUL for rel-15 behaviour. 
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Figure 2. Specified timing relations between SUL and corresponding NUL

Observation 3: If UE supports Rel-15 SUL configuration as defined containing SUL and corresponding NUL, both need their own TX chains. 

The UE supporting back-to-back transmissions between two SUL carriers or between SUL and non-corresponding NUL can be implemented in two ways:
· UE is limited to two Tx chains and can retune the second Tx chain during the transmission of SUL1 from NUL1 to SUL2 or NUL2. 
· UE has four Tx chains.
The first option assumes that only one transmission can be scheduled at a time and retuning during a transmission has earlier concluded as problematic in RAN4 due to glitches and other issue that increase EVM to the carrier where the transmissions are ongoing. As a conclusion, the first option converges to almost same functionality as Tx switching option SwitchedUL without switching time so with more detailed analysis this option is not without problems and could be concluded that RAN1 involvement for this kind of behaviours is needed.
UE with four Tx chains would be a new implementation assumption in RAN4. 
Observation 4: Back-to-back transmissions between SUL and non-corresponding NUL and between two SULs are feasible with 4 Tx chains / 4 LOs but this is a regular CA scenario without switching, and to implement it in a switching framework (i.e. to have 4 Tx chains but use one at a time) is impractical and makes very little commercial sense. 
Even if 4Tx UE work was to be started in RAN4, then the potential of such implementation should be fully utilized, and this is best done with a new dedicated WI. Note that 4Tx work that is ongoing now is for 4 Tx chains for same frequency. This new WI would mean 4 Tx chains on different frequency. 
Proposal: Back-to-back transmissions between SUL and non-corresponding NUL and between two SULs are feasible with 4 Tx chains / 4 LOs, but this is a regular CA scenario without switching. To implement this in a switched framework (i.e. to have 4 Tx chains but use one at a time) is impractical and makes very little commercial sense. In addition, specifying this would mean new UE implementation assumptions in RAN4 and in-order to properly specify UE with those new assumptions, new non-spectrum related work item would be needed. 
Conclusion
We made four observations:
Observation 1: Case 1 contains the assumption that two SUL carrier (on different bands) cannot transmit at the same time since if this were the case, the question would be moot. 
Observation 2: Case 2 contains the assumption that SUL carrier and non-corresponding NUL carrier cannot transmit at the same time.
Observation 3: If UE supports Rel-15 SUL configuration as defined containing SUL and corresponding NUL, both need their own TX chains. 
Observation 4: Back-to-back transmissions between SUL and non-corresponding NUL and between two SULs are feasible with 4 Tx chains / 4 LOs but this is a regular CA scenario without switching, and to implement it in a switching framework (i.e. to have 4 Tx chains but use one at a time) is impractical and makes very little commercial sense. 
And made one proposal:
Proposal: Back-to-back transmissions between SUL and non-corresponding NUL and between two SULs are feasible with 4 Tx chains / 4 LOs, but this is a regular CA scenario without switching. To implement this in a switched framework (i.e. to have 4 Tx chains but use one at a time) is impractical and makes very little commercial sense. In addition, specifying this would mean new UE implementation assumptions in RAN4 and in-order to properly specify UE with those new assumptions, new non-spectrum related work item would be needed. 
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Annex I: agreed slide from RAN#99
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Final proposal (as offline outcome) docomo

B UL/SUL indicator field is excluded from a DCI format 0_X.

B Task RAN4 to assess the additional, if any, RAN4 specification impact and UE
implementation impact for a UE configured with two serving cells, each with SUL; report
to RAN#100 with the goal of striving for potential normative work supporting the case
where a UE is configured with two serving cells, each with SUL

* E.g., whether backto-back transmissions between two SUL carriers and backo-back
transmissions between SUL carrier and norcorresponding NUL carrier could be
supported without any switching period, or

* E.g., whether it is only feasible to support such configuration in the UL Tx switching
framework with UE capability based switching period

* Example band combinations are referred to in RR223553 (RP-230719)
* Further check the status in RAN#100
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