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1. Introduction
In last RAN4 meeting discussion of SRS carrier based switching WI, one of identified possible impact is interruption requirement in TS36.133 [1][2][3]. One LS of RAN1 latest agreement was sent to RAN4 in R1-1611049, some of the bullets are duplicated as below for interruption discussion.

	· Switching-from CC for a PUSCH-less CC
· Option 1: rule(s) defined
· E.g., descending order of CC index, but a CC with higher index may be more tightly coupled with the PCell 
· Option 2: RRC configuration 
· Agreed on option 2.
Note:

· UE is not expected to switch to a deactivated CC.

· For dual connectivity case, only switching within a cell group (MCG or SCG).

· UE may report RF retuning time no longer than X us

· Option 1: X = 200

· Option 2: X = 300

· Option 3: X = 500

· Option 4: X = 900

Adopt Option 3

· For SRS
· Through RRC configuration, allow SRS transmissions on more than 2 UpPTS symbols in the same subframe for the same UE, for A-SRS and P-SRS
· On the same CC or multiple CCs
· Allow more than one SRS configurations for the subframe, for A-SRS and P-SRS
· Reuse existing SRS configurations (1 or 2 UpPTS symbols per SRS configuration)


Since RAN1 achieved the RF tuning time to be no longer than 500µs, RAN4 can start the analysis on the interruption requirement from this baseline value. Some previous agreement associated with interruption from RAN1 is also duplicated as below,

	<RAN1 #84bis>
Agreement:

 Design Principles for SRS carrier based switching:

· SRS carrier based switching support should follow these general guidelines:

· Applicable for deployment scenarios that have a TDD CC without the capability to have the corresponding UL CC configured

· FFS: For eIMTA 

· Strive to reduce negative impacts on other transmissions and reception, especially UCI 

· Take into consideration switching times 

Agreements:

· SRS switching solution(s) should be applicable to any TDD UL-DL configurations and special subframe configurations.

· SRS switching solution(s) should be applicable to any combination of UL-DL and special subframe configurations among CCs that are not prevented for other reasons 

· The solution should not require to introduce any new TDD UL-DL configuration or special subframe configuration 

<RAN1 #85>
Agreement:

· As defined in Rel-13, for SRS carrier based switching, the SRS transmission opportunities include:

· In at least one symbol out of up to 6 symbols in a special subframe 

· In the last symbol of a UL subframe 

· Note: from UE perspective, there may be impact on SRS transmission opportunities due to switching time depending on RAN4 input

· FFS whether or not to further allow more symbol positions for SRS transmissions on a switching-to carrier in special subframes, UL subframes and/or after the control region in MBSFN subframes


In this contributions, the analysis of interruption requirement from SRS carrier based switching is provided and some observations and proposals are drawn.
2. Discussion on interruption requirements
The SRS carrier based switching can be implemented in both CA and DC scenarios as agreed in RAN1, so it is necessary to consider whether the RF tuning time will overlap with two adjacent subframes or not and eventually how many subrames in each serving CC will be impacted. Since it’s a minimum requirement for all UEs and all the TDD UL-DL configurations and special subframe configurations shall be supported in this feature, it’s better to take some examples to see the possible worst cases.
Note: the timing difference between CCs are not reflected in all the figures, but will be taken into account for the final proposal.
Examples for SRS Tx on special subframe
The figure 1 is an example for SRS switching between CC1(TDD UL/DL Config3) and CC2(TDD UL/DL Config1), and UE is configured to transmit SRS on the last symbol of UpPts on CC2. If the implementation of UE is to reserve the whole UpPts, then the RF tuning time might be overlap with DwPts and last part the DL SF#n on both CC1 and CC2, e.g. using TDD special subframe configuration 0 and RF tuning time is 500µs.   
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Figure 1. Example 1-A for SRS switching between different TDD carriers
Figure 2 is another similar example compared with example 1-A, where the implementation is UE transmit the SRS in the last symbol of UpPts and it completes the RF tuning(with transient period) immediately before this SRS symbol. 
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Figure 2. Example 1-B for SRS switching between different TDD carriers
In example 1-B, the RF tuning time(500 µs) might be also overlap with DwPts and last part of DL SF#n  on both CC1 and CC2 assuming TDD special subframe configuration 0 is used. Based on the example 1-A and 1-B, we can have observations that,
Observation 1: In some cases, one way SRS carrier switching will impact up to two subframes.
Examples for SRS Tx on normal subframe
In figure 3, UE is configured to transmit SRS in UL SF#n+2 on CC2, and TDD UL/DL Config3 and TDD UL/DL Config0 is used for CC1 and CC2 respectively. Since uplink subframe transmission always takes place 
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 before the reception of corresponding downlink subframe, the RF tuning time might overlap with DL SF #n and DL SF #n+1 on CC1 if the implementation of UE is to reserve the whole uplink subframe of UL SF#n+2. The definition of 
[image: image4.wmf]s

offset

TA 

TA

)

(

T

N

N

´

+

 in TS36.211 is as below,

	Transmission of the uplink radio frame number 
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 from the UE shall start 
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 seconds before the start of the corresponding downlink radio frame at the UE, where 
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 if the UE is configured with a SCG and 
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 otherwise. For frame structure type 1 
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 and for frame structure type 2 
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 unless stated otherwise in [4]. Note that not all slots in a radio frame may be transmitted.


So the maximum value of  
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 for TDD case could be up to 21136Ts(688 µs) for the worst case here. That means if the (RF tuning time +NTA+NTA_offset) is greater than 1ms, up to two subframes will be impacted by RF tuning from UE perspective, otherwise up to one subframe will be impacted. 
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Figure 3. Example 2-A for SRS switching between different TDD carriers
In figure 4, UE is configured to transmit SRS in UL SF#n+2 on CC2, and TDD UL/DL Config3 and TDD UL/DL Config0 is used for CC1 and CC2 respectively, and the implementation of UE is to transmit the SRS in the last symbol of UL SF#n+2 on CC2 and it completes the RF tuning(with transient period) immediately before this SRS symbol.
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Figure 4. Example 2-B for SRS switching between different TDD carriers
In example 2-B, if the (RF tuning time +NTA+NTA_offset+SRS symbol length) is greater than 1ms both DL SF#n+1 and DL SF#n+2 on CC1 will be impacted, otherwise only DL SF#n+2 will be impacted.
Based on the example 2-A and 2-B, we can have observations that,

Observation 2: In some cases, if (RF tuning time +NTA+NTA_offset ) or (RF tuning time +NTA+NTA_offset+SRS symbol length) is greater than 1ms, the one way SRS carrier switching will impact up to two subframes.
Examples for TDD+FDD
In figure 5, UE is configure to transmit SRS on other TDD carrier other than CC2(CC2 is a so-called switch-from TDD carrier) and CC1 is a FDD DL CC. If the SRS transmission was performed on the last symbol of UL SF#n on CC2 and UE starts RF tuning immediately after SRS symbol on CC2, the impact on FDD CC will depends on whether the RF tuning time is greater than (NTA+NTA_offset) or not. From figure 5, if RF tuning time is greater than (NTA+NTA_offset), both DL SF#n and DL SF#n+1 on CC1 will be impacted, otherwise only DL SF#n on CC2 will be impacted.
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Figure 5. Example 3 for SRS switching between different TDD carriers
Observation 3: In some cases, if RF tuning time is greater than (NTA+NTA_offset), the one way SRS carrier switching will impact up to two subframes.
Based on the analysis and examples in this section, the interruption to the CCs of UE during SRS carrier based switching can be up to 2 subframes. Thus, considering tuning and tuning-back the interruption shall be doubled, namely, 4 subframes.
Proposal 1: The interruption on activated CCs caused by SRS carrier based switching can be up to 4 subframes.
3. Conclusions

In this contributions, the analysis of interruption requirement from SRS carrier based switching is provided and some observations and proposals are drawn.

Proposal 1: The interruption on activated CCs caused by SRS carrier based switching can be up to 4 subframes.
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