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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN #104-bis-e meeting, there were initial discussions in RRM session on UL outage time for UL Tx switching schemes across up to 3 and 4 bands. Following open issues were discussed and captured in [1].
In this contribution, we provide our views on UL outage time requirements for UL Tx switching schemes across up to 3 or 4 bands.

2. Discussion
The UL outage time was initially discussed in RF session. In the last meeting, following agreements/way forward was reached captured in [2].
	Issue 2-1-2: UL outage time and RAN4 CR text
Issue 2-1-2A: RAN4 CR text
WF RAN4 CR text: 
continued discussion at the next meeting. Two options:
Option 1: modify the time mask for TX switching to include the case of dual TAG with different timing advance on the two TAGs.
Option 2: apply same approach as in R17 V2X that the time mask only contains the UE hardware requirement (switching period), and no TA difference included. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction.

Issue 2-1-2B: UL outage time 
WF UL outage time: 
continued discussion at the next meeting.


Thus, the UL outage time will continue to be discussed in the RF session. In general, it would be better that RRM session waits for conclusion from RF session. On the other hand, it would also be helpful that RRM is to align understanding on UL outage time. Once RF conclusion is made, RRM can define requirements if necessary.
The concept/definition of UL outage time should be clarified firstly. Three options were proposed and discussed in the last meeting.
	Issue 2-1: Concept of UL outage time
Candidate options:
· Revised Option 1: The UL outage refers to the actual impacted UL OFDM symbols on serving carriers involved in the switching.
· New Option 2: The UL outage refers to the actual impacted UL OFDM symbols on other victim serving carriers NOT involved in the switching.
· Option 3: The UL outage refers to the possible range of interrupted UL OSs (like a potential interruption window) 


In our view, the UL outage time is sort of similar to DL interruption. Due to Tx switching between two carriers, the 
impacted carrier cannot be scheduled. The UL outage time is illustrated in Fig 1 as an example.
[image: ]
Fig 1. Illustration of outage UL time
The Tx switching is conducted between carrier 1 and carrier 2 on two bands and the two carriers belong to 2 TAGs. The carrier 3 and carrier 1 belong to the same TAG. So do carrier 2 and carrier 4.
If switching period is located on carrier 2, the UL outage time can be depicted as left part in Fig 1. It is the red symbol(s) for the serving carriers involved in the switching and other victim serving carriers not involved in the switching. The UL outage time can be defined with the range of interrupted UL OFDM symbols, over which the UE cannot be scheduled.
If switching period is located on carrier 1, the UL outage time can be depicted as right part in Fig 1. Similar conclusions can be made.
Proposal 1. UL outage time is defined as the number of interrupted UL OFDM symbols on both serving carrier involved in the switching and victim serving carriers not involved in the switching. 

Moreover, the starting point of the interrupted UL OFDM symbols should also be specified so that network knows how to schedule the UE correctly. As depicted in Fig 1, the starting point is related to location of the switching period.
The location of the switching period for multi-TAG will be further discussed in the RF session. 
	WF UL location of the switching period: 
continued discussion at the next meeting. The location of the switching period must be specified.


The starting point of UL outage time can be defined after there is conclusion on the location of the switching period.
Proposal 2. Starting point of UL outage time is also defined after the conclusion on the location of switching period is concluded. 

In addition, the factors that could impact UL outage time were also discussed and options are captured in the WF [1].
	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 
                Note: other options are not precluded.


The UE shall be capable of handling at least a relative transmission timing difference between slot timing of all pairs of TAGs no larger than MTTD which is 34.6us for FR1 CA. The MTTD is defined with slot boundary, but UL outage time is to defined with OFDM symbol boundary. Similar to DL interruption discussed in [3], It is not appropriate to take the entire MTTD as a factor to define UL outage time. In our view, the UL outage time should be equivalent to DL interruption time with TA command granularity is taken into account additionally. Therefore, the UL outage time is defined as below
TUL-outage = ceil ((switching period+2*TA adjustment uncertainty+2*TA granularity+2*(MRTD-CP length)/symbol duration – 2*floor (MRTD/symbol duration)) +1
· Switching period and TA adjustment uncertainty is the same as in legacy requirements in Rel-16/17.
Where,
· Switching period and TA adjustment uncertainty is the same as in legacy requirements in Rel-16/17.
· MRTD is 33us
Proposal 3: The UL outage time, i.e., the number of interrupted UL OFDM symbols for Tx switching with 2 TAGs is defined as
TUL-outage = ceil ((switching period+2*TA adjustment uncertainty+2*TA granularity+2*(MRTD-CP length)/symbol duration – 2*floor ((MRTD- NW synchronization accuracy)/symbol duration)) +1
Switching period and TA adjustment uncertainty is the same as in legacy requirements in Rel-16/17.
Where,
Switching period and TA adjustment uncertainty is the same as in legacy requirements in Rel-16/17.
MRTD is 33us
NW synchronization accuracy is 3us

3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided our views on UL outage time for Tx switching with 2 TAGs across up to 3 or 4 bands. Following observations and proposals are present.
Proposal 1. UL outage time is defined as the number of interrupted UL OFDM symbols on both serving carrier involved in the switching and victim serving carriers not involved in the switching. 
Proposal 2. Starting point of UL outage time is also defined after the conclusion on the location of switching period is concluded. 
Proposal 3: The UL outage time, i.e., the number of interrupted UL OFDM symbols for Tx switching with 2 TAGs is defined as
TUL-outage = ceil ((switching period+2*TA adjustment uncertainty+2*TA granularity+2*(MRTD-CP length)/symbol duration – 2*floor ((MRTD- NW synchronization accuracy)/symbol duration)) +1
Switching period and TA adjustment uncertainty is the same as in legacy requirements in Rel-16/17.
Where,
Switching period and TA adjustment uncertainty is the same as in legacy requirements in Rel-16/17.
MRTD is 33us
NW synchronization accuracy is 3us
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