[bookmark: _Hlk514061252]3GPP TSG-RAN4 Meeting #104Bis-e	R4-2215569
Oct 2022

Title:	UL Outage time considerations for 2TAG

Source:	Qualcomm Incorporated

Agenda item:	6.19.2
Release:	Rel-18
WI: 	NR_MC_enh
Lead WG: 	RAN1

Document for:	Approval

1.	Introduction
RAN#97 approved a revision of the WID [10] that clarified the scope of multiple TAGs to exactly two. The discussion on WG limitations in the WID concluded that the work for 2 bands and multiple Tags is limited to RAN4, as it was previously. However, the conclusion from the discussion [11, RAN#97 meeting report] was that: “for the work on UL Tx switching with 2 TAGs, RAN1/2 discussion can be triggered by RAN4 LS. No RAN1 spec impact is expected “
In this paper we continue work from previous RAN4 meeting after agreed papers [12,13,14]. 
2. 	Discussion
 2.1	Outage time definition
WF [14] has the following agreement:
· RAN4 further discuss if the UL switching time is the same for single TAG and 2 TAGs
· UL switching time should not include timing difference up to MTTD between two TAGs.
LS [13] also has this agreement:
· For the same band pair, RAN4 has not concluded on whether the same or a different value can be reported for the specific band pair supporting Tx switching across 3 or 4 bands in Rel-18 compared to Tx switching across 2 bands specified in Rel-16/17.
Despite Ran4 agreed that the same switching time values {35 us, 140 us, 210 us} are re-used for capabilities [13], can UE declare different values for 1 TAG and 2 Tag cases and for same band pair depending if it is part of 3 or 4 band switching scheme or just TX switching between he two bands between the switching time is declared. Additionally UE has a separate capability for declaring different switching times for 1Tx-2Tx case and 2Tx-2Tx case for same band pair in 2 band switching scheme. 
Observation 1: The discussion on UE flexibility for choosing different switching time is unsettled yet. 
Issue will be further complicated if for some band pairs UE declares capability for 1 TAG and for some 2 TAGs in the same 3 or 4 band TX switching scheme.   
In order to progress the switching discussion, a proper common understanding on timing should be achieved. WF [14] also had the following agreement:
Factors for UL outage time discussed in RF session, to be further checked in RRM session
· UL switching time (UE capability)
· The difference between the TA on the two TAGs, up to MTTD
· Timing and measurement error
To understand the issue, we drew a timing picture:

Figure 1. Timing diagram for 2 TAG case for 3 bands
The Figure 1 indicates where and how the timing mismatch has to be taken in to account. The values and how it depends on which band has the switching period aligned and which band is associated with which TAG and which band is leading and which one is lagging. PUSCH preparation can also be counted from here assuming the grant that has the symbol which is impacted first needs to be allowed for the specified PUSCH preparation time even if the PDCCH carrying the scheduling information comes on lagging band.
In Figure 1, Outage time is not drawn since outage time according to the agreed WF text is mildly unclear for the part how to apply the timing difference. Instead, we defined “True outage time” and depicted on band C. Assuming the intention is not to define partial symbol transmissions, we define the True Outage time by adding switching time and any time formed from the overlapping partial symbols from any band due to timing difference. 
True Outage time = Switching time + duration of overlapping partial symbols from any band due to timing difference.
The transient times should not be overlapping with the switching time. The True Outage time can include transient times when the left of partial symbol time can accommodate those. If not, then the transient times need to additional for those cases. For example, if the MTTD very small, then on the lagging side, almost a full symbol is left but on the leading time, only that small MTTD is available and transient time may not fit. It also depends on which band the switching period is placed.
Observation 1: True Outage time can accommodate transient periods in some cases but not necessary all. 
The WF [12] has an agreement 
Issue 2-2-2: Impact on the band with the number of Tx chain unchanged due to switching: As baseline UE assumption, neither of Tx chains is expected to be used for transmission on band C during the switching period.
The agreement literary says “switching period” is not used. Our view is reflected the text above that the proper wording should be
Proposal 1: Refine the agreement that “band C is not expected to be available for transmissions for the duration of the switching time + any partial symbol on any band overlapping with switching time. 
2.2	Simultaneous switching between multiple bands
The discussion on outage time and switching time capability has considered switching between band pairs in isolation but it should be discussed what happens if UE is scheduled to do two switches that overlap. The following cases should be considered:
1) When TX1 is switched from band A to band B and TX2 is switched from band C to D
2) TX1 is switched from band A to B and TX2 is switched from band A to C (Band A had UL MIMO)
Both these cases can be applied under same timing and different timing and the switching time should be considered for all cases. RAN4 has received LS [14] from RAN2 completing the work for 2Tx-2Tx switching time capability. Compared to the complexity between 1T-2Tx vs 2Tx-2Tx case with the case of 3 and 4 band case complexity with 2tx and 1tx permutations and single Tag and mTag, the complexity is much higher in 3 and 4 band cases. 
Observation 2: It is more evident that UE will need the flexibility to optimise 2 band single TAG switching time and still support 4 band TX switching feature with simultaneous switching on both TX chains.
Proposal 2: UE is allowed to optimise TX switching time depending on number of bands in a TX switching band combination.  
These cases need to be analysed further with timing diagrams and see what is the impact of for example two switching periods on two band pairs that are not in same TAG. This will potentially create an outage in excess of two switching periods. 
Observation 3: With 3 and 4 band switching feature two switching period handling need to be discussed
An other aspect creating more complexity in the UE design is the coupling of TX chains to a band. For example, if the sequence of switching is such that TX1 needs to be able to transmit on all the bands, then the complexity for configuring the TX1 is increased. In 2 band case this never existed. 
2.3	Regarding the frame generation
Reflecting the discussion in the GTW about the wording of the specification, our view is that the scheduling should be done by the network and UE should not drop (or initiate) transmissions when network does not expect so. We therefore prefer to specify UE behaviour such that UE respects UL grants in all situations and requirements for UE are written such that network assigns grants according to the defined UE behaviour i.e. UE requirements depend on network scheduling. 
Proposal 3: UE requirements are written in such way that network defines UE behaviour. 
Conclusion
We made following observations:
Observation 1: True Outage time can accommodate transient periods in some cases but not necessary all. 
Observation 2: It is more evident that UE will need the flexibility to optimise 2 band single TAG switching time and still support 4 band TX switching feature with simultaneous switching on both TX chains.
Observation 3: With 3 and 4 band switching feature two switching period handling need to be discussed
And made the following proposals:
Proposal 1: Refine the agreement that “band C is not expected to be available for transmissions for the duration of the switching time + any partial symbol on any band overlapping with switching time. 
Proposal 2: UE is allowed to optimise TX switching time depending on number of bands in a TX switching band combination
Proposal 3: UE requirements are written in such way that network defines UE behaviour.
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