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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN #104-bis-e meeting, there were discussions on RRM requirements, e.g., DL interruption, for UL Tx switching schemes across up to 3 and 4 bands. Following agreements were reached and captured in [1].
	<Agreement>: Issue 1-1: RRM impact due to Rel-18 Tx switching across 3 or 4 bands
· DL interruption requirements are to be specified
· No impact on the existing MTTD requirement due to the extension of UL TX switching for 2 bands from 1 TAG to 2 TAGs.
Issue 1-2: DL interruption length
<Agreement>:
For Rel-18 Tx switching across 3/4 bands with single TAG, reuse Rel-16/Rel-17 values for length of DL interruption.
<Agreement>: Issue 1-3: Starting point of the DL interruption 
For R18 Tx switching across 3/4 bands with both single TAG and 2 TAGs, reuse the Rel-16/17 agreement on the starting symbol of DL interruption


There were also open issues captured in [2]. In this contribution, we further provide our views on DL interruption requirements for UL Tx switching schemes across up to 3 or 4 bands.

2. Discussion
One of the issues related to DL interruption requirements is about the scenario for Rel-18 Tx switching across 3/4 bands with 2 TAGs.
	For Rel-18 Tx switching across 3/4 bands with 2 TAGs,
· Option 1: reuse Rel-16/Rel-17 values for length of DL interruption.
· Option 2: interruption on other serving cells when UL Tx switching occurs across multiple bands shall be defined as:
Tinterrupt = ceil((switching period+2*TA adjustment uncertainty+2*MRTD-CP length)/symbol duration)+1
Where 
· Switching period is being discussed in RF session and the outcome can be reused in interruption design. 
· TA adjustment uncertainty remains same as legacy.
· MRTD=3us which is used to derive R16/R17 DL interruption length is not valid for non-collocated case, further discuss the concrete value of MTRD


The actual DL interruption length is depending on switching period for Tx switching. For single TAG case, the Rel-16/17 interruption length is reused in Rel-18 for Tx switching across 3/4 bands due to the switching time based on the UE capability has not been changed. However, 2 TAG is new scenario in Rel-18 and it needs further discussion.
For 2 TAG case, the difference is that MRTD is different than what was assumed for single TAG, which was 3us to cover network synchronization accuracy. But for 2 TAG case, the MRTD can be up to 33us. The question would be if the such large MRTD should be accounted in DL interruption. 
The actual DL interruption is still the same as switching period for 2 TAG case as interruptions can only be caused by RF retuning during switching period. Due to receive time difference, measurement uncertainties and RF impairments, additional slot(s) may also not be scheduled. In Rel-16/17, these uncertainties and impairments would taken into account. For NR carrier aggregation MRTD, it is defined as a relative receive timing difference among the closest slot timing boundaries of different carriers to be aggregated in NR carrier aggregation. So, when the receive timing difference is larger than one OFDM symbol, it is not appropriate to account the entire RTD as part of DL interruption length as it is defined with OFDM symbol granularity. Only the receive timing difference within one symbol matters in terms of DL interruption length. It is depicted in Fig 1 and Fig 2 below. 
[image: ]
Fig 1. Example of RTD impact to DL interruption with switching period location on Carrier 2
[image: ]
Fig 2. Example of RTD impact to DL interruption with switching period location on Carrier 1

In Fig 1 and Fig 2, the switching period is located on carrier 1 and carrier 2, respectively. 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. Only RTD and switching period is considered in the figures. Only factors like TA adjustment uncertainty are not considered in the figures with the understanding that it may cause additional interruption interruptions.
It can also be observed from Fig 1 and Fig 2 that RTD in OFDM symbol level will put additional DL interruptions. Therefore, the RTD rounded to OFDM symbol length should be taken into DL interruption. From requirements perspective, MRTD can be used to define the requirements.

Proposal 1: For UL Tx switching across up to 3 or 4 bands with single TAG, DL interruption length is defined by reusing legacy methodology with taking MRTD into consideration.
Tinterrupt = ceil ((switching period+2*TA adjustment uncertainty+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.
MRTD is 33us
[bookmark: _Hlk118707709]NW synchronization accuracy is 3us

There was concern that MRTD would be too pessimistic to define DL interruption requirements. The MRTD of 33us was defined to cover the inter site distance of 9Km. If other value is used instead, the deployment of Tx switching feature could be compromised to only certain scenarios.
Observation 1: If other value of RTD is used to define DL interruption requirements instead of MRTD, the deployment scenarios will be restricted.

Furthermore, RF session is still discussing the switching period location for 2 TAG case. It may have impact on the DL interruption either. 

	· For single-TAG case, RAN4 agreed to reuse the Rel-16/17 approach (i.e., semi-static configuration of switching period on one of the band for each switching band pair) and discuss further details for Rel-18 Tx switching scenario in RAN1.
· Meanwhile, RAN4 has not concluded on the switching period location for 2-TAG case, with further discussions ongoing.


When there is conclusion on the switching period location for 2-TAG case, DL interruption length can be revisited if necessary.
Proposal 2: The DL interruption length can be revised if necessary, depending on RF conclusion on switching period location for 2-TAG case.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided our views on DL interruption requirements for UL Tx switching schemes across up to 3 or 4 bands. Following observations and proposals are present.
Proposal 1: For UL Tx switching across up to 3 or 4 bands with single TAG, DL interruption length is defined by reusing legacy methodology with taking MRTD into consideration.
Tinterrupt = ceil ((switching period+2*TA adjustment uncertainty+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.
MRTD is 33us
NW synchronization accuracy is 3us
Proposal 2: The DL interruption length can be revised if necessary, depending on RF conclusion on switching period location for 2-TAG case.
Observation 1: If other value of RTD is used to define DL interruption requirements instead of MRTD, the deployment scenarios will be restricted.
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