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1.	Introduction
RAN4 received an LS [1] from RAN1 regarding their discussion on switching period location with a request to clarify related subclauses and that further ran1 specification changes are pending for ran4 specification clarifications. In this paper we discuss background and reasons for clarification and propose how specification can be further updated.  
2. 	Discussion
RAN4 specification for TX switching defines ON-OFF time masks for TX switching in clause 6.3A.3.3 where placement of the switching period and transient periods in relation to the switching periods are defined. The time mask figures are drawn in pairs, one pair describes the two cases when switching period is configured for one carrier or an other carrier. There are four time mask pairs since in different releases there have been different work items that have defined different capabilities depending if switching is between carriers or bands and if one or both carriers can have one TX or two TX and also if one band can have two component carriers. Essentially the switching time mask is the same and for the purposes of this paper we can observe only one time mask. Same eight figures are repeated when SUL is involved in clause 6.3C.3.
Observation 1: All Figure pairs 6.3A.3.3.2-1a and 6.3A.3.3.2-1b; 6.3A.3.3.3-1a and 6.3A.3.3.3-1b; 6.3A.3.3.4-1a and 6.3A.3.3.4-1b; 6.3A.3.3.5-1a and 6.3A.3.3.5-1b describe the same requirement and also the requirement in each figure in the pair is the same, only the configuration of the switching period is different. 
The ran1 discusses issues that is common for all the clauses and figures in the specification and for the purpose of this paper, we can observe only one of the figures.
2.1	Slot boundary issue
The switching period is not explicitly indicated to the UE in any way, but the UE determines from the received UL grants when and how many TX’s it needs to switch to perform correct transmissions. UL grants for one UE can be scheduled for any symbol in a slot and it is up to UE to decide when it performs the needed actions to change the BB TX chain to the correct RF TX chains. The Figures draw switching period aligned with the slot/subslot boundary, as highlighted in the Figure 1 with a blue arrow. It is unclear what is the purpose of this slot boundary and especially its relation to the switching period. 
Observation 2: The purpose of slot/subslot boundary is unclear in the time mask Figures for TX switching.  
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Figure 1. One of the TX switching figures from 38.101-1 with issues that need clarifying highlighted. 
For the purposes of the RF requirements, using this slot/subslot boundary is unnecessary, in addition that it seems to be wrong in ran1 view. It should be then corrected so that the requirement is clear and understandable for all by updating figures with wording that implies UL grants/ UL scheduling of the symbols instead of subslot/slots. 
Proposal 1: Update the ON-OFF time mask figures for TX switching by replacing the slot/subslot with reference to scheduled UL symbols. 
A further optimising could be done by merging the two figures by replacing carrier 1 and carrier 2 with the carrier with and without configured switching period, example is provided in Figure 2. 
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Figure 2. Merged and corrected ON-OFF time mask for TX switching. 
2.2	UL grant congestion 
LS [1] discussion is confined to the situation when UE is not congested with UL grants and there is sufficient time to perform the switching. In this case, the UE does not need to puncture the transmission and observable behaviour of the UE independent of the setting of uplinkTxSwitchingPeriodLocation whereas when UE is congested with UL grants it used the information from the IE to choose the carrier/band to puncture the UL transmission.
The RAN4 requirements, and the figures, are defined for the case when UE is congested with UL grants and UE has to puncture the UL transmissions. We found out this very recently in an offline discussion among interested companies to who this issue seemed clear. However, this condition of congested UL grants is not written in the ran4 specification or the UE behaviour when it is not congested with UL grants. RAN5 also tests UE switching period this way, assigning grants without a gap for both carriers. 
Observation: All the relevant condition assumed by companies for the TX switching requirements are not written in the specification 
Nokia paper [2] solves the issue and we support the clarification in their CRs [3]
2.3	Location of the switching period
Nokia paper explains the ambiguity if the switching period is located in the carrier 2 but the carrier 1 grants end before the slot boundaries. Their paper proposes to clarify the spec for this case but we would like to further bring up the ambiguity if the switching period location and relation to T0 in this condition. The WF from Rel-18 WI for Issue 1-4-2, copied in full to the Annex, shows RAN1 agreement where it says:
“The end of the switching period is located at the start of the UL transmissions on the switch-to carrier.”
Somehow, this agreement did not make its way to the LS, and what does it mean that this agreement is written is in the RAN4 WF is unclear but it can be assumed RAN4 worked and made agreements based on this knowledge in RAN4#106. This agreement should be then written in the corresponding RAN4 requirements as indicated in the LS. The simplest way would be to adopt the sentence directly from the RAN2 agreement in addition to the Nokia CR [2]. 
Proposal 2: Append RAN4 rel-16 TX switching requirements for the condition that there is no UL scheduling on either carrier for the duration of no less than the switching period between the carriers with the clarification “the end of the switching period is located at the start of the UL transmissions on the switch-to carrier”
More elaborate way would be to add a figure in to the specification in addition of the text as follows: 
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Conclusion
We observed
Observation: All the relevant condition assumed by companies for the TX switching requirements are not written in the specification 
We proposed:
Proposal 1: Update the ON-OFF time mask figures for TX switching by replacing the slot/subslot with reference to scheduled UL symbols. 
Proposal 2: Append RAN4 rel-16 TX switching requirements for the condition that there is no UL scheduling on either carrier for the duration of no less than the switching period between the carriers with the clarification “the end of the switching period is located at the start of the UL transmissions on the switch-to carrier”
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Annex: Rel-16 Issue from WF [4]
Issue 1-4-2: Location of switching period in relation to time T0
Background:
RAN1 agreement for Rel-16 maintenance on Wednesday of this week (the green highlighted part has been agreed by RAN1)
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Way forward:
· Further discuss on whether or not to define the time relationship between the location of the switching period and T_0 in RAN4 specification, taking into account the RAN1 agreement.
· Note: Similar change to Rel-16/17/18 if any change is needed.
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Agreement
- If the gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the
start of the UL transmission on the switch-to carrier to absorb the switching period, -
o The time of no UL transmission allocated absorbs the switching period
o Neither of the uplink transmissions (the one ending on the switch-from carrier nor the one starting on
the switch-to carrier) are interrupted by the switching period. -
o The setting of uplinkTxSwitchingPeriodLocation has no impact. -
o The end of the switching period is located at the start of the UL transmission on the switch-to carrier
- Send an LS to RAN4 requesting RAN4 to, in this regard, clarify TS38.101-1 subclauses 6.3A.3.3.2 and
6.3C.3.1 for CA, and SUL based UL Tx Switching, and to TS38.101-3 subclause 6.3B.4.1 for EN-DC.
- Change the sentence in the 38.214 6.1.6 to refer to 38.101 accordingly as below .
o the conditions under which the switching gap may be present and-the location of the switching gap are
defined for each of the cases in clauses 6.1.6.1, 6.1.6.2, and 6.1.6.3 respectively, and the location of
the switching gap is defined in [8, TS 38.101-3 and TS 38.101-1]. -
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