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In RAN4#104-bis WF [1] a number of outstanding issues are listed:
	Issue 2-2: Factors for UL outage time
To clarify, this issue is trigged by RF WF R4-2215163 (see below). RRM is just responsible to provide possible response to RF. Whether the UL outage time is captured in spec is still under discussion in RF session
	In RF WF [R4-2215163]
Issue 3-1-2: UL outage time 
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



Candidate options:
· Option 1(China Telecom): UL outage time for Tx switching with 2 TAGs includes:
· UL switching time (UE capability)
· Half of the difference between the actual TAs on the two TAGs (i.e., not directly use the MTTD defined in TS 38.133)
· Timing and measurement error, including:
a) BS synchronization accuracy: 3us defined in clause 7.4.2 of TS 38.133 can be used;
b) UE transmit timing error: the requirement defined in clause 7.1 of TS 38.133 can be seen an upper bound, and the sum of maximum UE transmit timing error is 1.56 us for the carriers with 2 TAGs
c) TA quantization error: as defined in TS 38.213, it can be up to 0.52 us or 0.26us for 15 kHz SCS.
· Option 2 (Huawei, Ericsson): 
· UL interrupted OFDM symbols shall consider the impact of MTTD, however directly using MTTD value to derive impacted UL OFDM symbols are not always correct
· The third factor “Timing and measurement error” is already included in MTTD
Proposed: Impacted UL OFDM symbols= Ceiling (UL switching period/symbol length) +1 OS
· Option 3 (Samsung): Confirm the three factors should be considered in RF session for UL outage time: 
· (1) UL switching time (UE capability), 
· (2) the difference between the TA on the two TAGs, up to MTTD,
· (3) timing and measurement error: typical value is 27ns 




2	Discussion
2.1	Location of switching period and outage time
The gNB must be aware when the UE switching period (switching gap  in 38.214) occurs before the transmission starts at at T0 on a carrier following a switch triggered earlier than T0-Toffset (the second term the PUSCH preparation time) by DCI(s) or configured grants. This must be no different from the single-TAG case, which is the same as when TTA,1 = TTA,2 in the dual-TAG case.
The UL timing of a serving cell is always derived from the DL timing of the reference cell in the same TAG, the SpCell in the PTAG. For Tx switching, the 38.214 specifies that the UE may omit uplink transmission during the uplink switching gap  indicated by the switching-period capability X ms preceding an uplink transmission starting at T0 with due account of the PUSCH processing procedure. This provision does not contain any restriction on the relative DL timing between the two carriers, the switch is expected to occur in a period before T0 that is also derived from the DL timing that the UE must monitor in all cases.
The RF WF [1] for the location of the switching period
Sub-topic 2-4: Location of switching period
WF UL location of the switching period: continued discussion at the next meeting. The location of the switching period must be specified.
is resolved by a proposal in [2]: for both single TAG and dual TAG, the switching period always precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission as specified in 38.214. The dual TAG case must be consistent with the single TAG case when the timing advance is TTA,1 = TTA,2 for TAG 1 and TAG 2.
There is no need to specify an outage time, however. For all switching scenarios for UL CA, “the UE is not expected to transmit for the duration of  on any of the carriers” according to 38.214. This means that the gNB (or test system) must ensure that no UE transmissions are scheduled or configured on any of the uplink carriers during the switching period (gap), no UE dropping behaviour is specified for Tx switching with UL CA. Since scheduling is not specified, the switching period can be accommodated by blanking UL OFDM symbols with different “outage time” during which the UE is not scheduled. 
Figure 1 shows the “outage time” with transmissions omitted during the switching period located on carrier 1 (by RRC configuration) and the tail of the carrier 2 overlapping with the switching period blanked when carrier 2 is lagging in transmission timing. The blanking of OFDM symbols (OS) during the switching period is achieved by e.g. shortening the PUSCH transmission occasions and not configuring control signalling in the last symbol(s) of carrier 2. The “outage time” would be the same as the switching period ignoring the fact that the switching period must be an integer number of OS and that T0 must start at symbol boundaries. 
Figure 2 shows the “outage time” with the blanking of OS only on carrier 1, the outage time on carrier 1 is now less than the switching time + UL timing difference up to MTTD, the maximum time difference between the UL slot timing of non-collocated carriers. 
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Figure 1: time mask with transmissions omitted on both carrier 1 and carrier 2 during the switching period with the switching period (fully) located on carrier 1.
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Figure 2: time mask with transmissions omitted (green shaded) on carrier 1 and a different outage time.
The outage times the examples above are not the absolute TA (twice the DTprop) but related to the timing difference between the carriers as seen at the UE.
Factors for the outage time are included in the WF for RRM [2], Issue 2-2,
In RF WF [R4-2215163]
Issue 3-1-2: UL outage time 
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
The timing and the measurement error is included in the MTTD specified for inter-band UL CA in 38.133:
MTTD = DTprop (30 us) + BS TAE (3 us) + Te,2UL
where the worst-case timing error between two active UL for SCS = 15k on both is
Te,2UL = 2 (TARES + TAeUE + Te) = 2 (512 + 256 + 768) Tc = 3072 Tc ≈ 1.6 us
with
TARES the TA resolution error (from 38.213, the resolution defined as 16*64*Tc/2µ that yields 1024Tc (±512Tc)
TAeUE the timing advance adjustment accuracy setting error (38.133 clause 7.3.2.2)
Te the UE timing error limit (38.133, Table 7.1.2-1)
Hence MTTD = 30 + 3 + 1.6 us = 34.6 us as specified in 38.133, slightly shorter than one symbol duration at SCS = 30k.
We note that the maximum DTprop = 30 us in the MTTD corresponds to 9 km path difference between the sites, shorter if TAoffset if different on the two carriers in a coexistence case. 

In practice the switching periods accommodated by the gNB must be an integer number of OS and the start of transmission T0 after the switch is at a symbol boundary as shown in Figure 3 for the case in which the switching period is located on carrier 1. For the 30k case, one symbol can be added to the switching period on carrier 1 when the carrier 2 is leading or lagging in time. 
[image: ]

Figure 3: time mask with transmissions omitted (green shaded) with blanked OS on carrier 1.

When the UE is to transmit at T0, the preceding transmission (on carrier 2 in Figure 3 for example) may be shortened by the scheduler, which would further extend the outage time an gap between these transmissions. The minimum outage time is less than or equal to the switching time + MTTD rounded up to an integer number of symbol durations for the numerology configured on the carrier with the switching location, but this does not have to be specified. 
Proposal 1: There is no need to specify the outage time for the dual TAG case.
3	Summary
Proposal 1: There is no need to specify the outage time for the dual TAG case.
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