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1. Introduction
In RAN1#84bis, an LS was sent to RAN4 seeking the answers on followings: 
· Provide the applicable RF retuning time and interruption time (in terms of µs rather than subframes) due to SRS carrier based switching considering
· Inter-band CA, Intra-band CA and combination of intra- and inter-band CA
· Inform RAN1 whether it is possible to apply SRS based carrier based switching between any carriers 

· Inform RAN1 whether there is any impact to DL reception in the UE due to the application of SRS carrier based switching 
Further, some agreements were made on design principles as:
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 

And, some conclusions were drawn on potential standards impact.
In this contribution we discuss a potential simple solution even before a reply LS from RAN4 is received. The main motivation is to minimize the system impact and standards effort.
2. Discussion  
Let’s first assume that UL/DL subframe configurations on all CCs (DL CCs) are same which is simpler to consider than the case with all different UL/DL configurations. SRS is transmitted on the last SC-FDMA symbol in UL subframe, assuming RF retuning time is few SC-FDMA symbols long (e.g. 5 symbols in figure 1 below), PUCCH/PUSCH transmission will be interrupted in the subframe where the SRS carrier switching occurs. After transmitting SRS it is required to switch back to CC where the UE is capable of transmitting PUCCH/PUSCH which also takes a certain time for retuning thus the next subframe will also be interrupted. The gain from channel reciprocity in DL CCs may not compensate the loss due to Tx/Rx interruption on 2 subframes.
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Fig. 1, UL subframe
SRS carrier switching within special subframe
In [1], we discussed how Tx/Rx maybe interrupted depending on required RF retuning time. One simple and efficient mechanism for SRS carrier switching would be to perform switching in special subframe. In Rel-13, extension of UpPTS length was specified, 2 or 4 SC-FDMA symbols can be extended on top of legacy UpPTS without introducing new special subframe configurations. Below we discuss 2 examples with different RF switching time.
1) Switching time of 5 SC-FDMA symbols

Figure 2 shows special subframe configuration 5 with additional 4 SC-FDMA symbols of UpPTS. Assuming RF retuning time is 5 SC-FDMA symbols (about 350us) long, after receiving DwPTS the UE starts retuning to target CC and transmit SRS on 9th SC-FDMA symbol then retuning back to original CC within the period of next 5 SC-FDMA symbols. Since the length of DwPTS is only 3 symbols, it will incur some loss in downlink throughput efficiency; however, it can be easily supported with minimal standards effort. Compared to special subframe configuration 4, where DwPTS length is 12 symbols, 9 OFDM symbols are wasted.
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Fig. 2, special subframe configuration 5
2) Switching time of 3 SC-FDMA symbols
Figure 3 shows special subframe configuration 9 with 2 additional SC-FDMA symbols of UpPTS. Assuming RF retuning time is 3 SC-FDMA symbols (about 210us) long, since DwPTS length is 6 symbols the loss in downlink throughput efficiency is less than in case of figure 1. Special subframe configuration with DwPTS length of 9 symbols can be used if the RF retuning time is only 2 SC-FDMA symbols long, however, considering the required timing advance it may not be feasible. Compared to special subframe configuration 4, where DwPTS length is 12 symbols, 6 OFDM symbols are wasted.
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Fig 3, special subframe configuration 9
Periodic and aperiodic SRS
In current specs, both periodic and aperiodic SRS transmissions are supported. Compared to aperiodic SRS transmission, periodic SRS transmission with carrier switching will be much more complicated. Aperiodic SRS transmission is more suitable for efficient mechanism and better utilization of channel reciprocity. The network can configure and trigger aperiodic SRS on demand, and there is less issue with collision. Current DCI formats which support aperiodic SRS triggering can be reused with CIF indicator.
Power control
Currently, SRS power control is dependent on the PUSCH power control adjustment state for the serving cell and some other components of the power control formula also depend on PUSCH transmission power. In case of SRS carrier switching where there is no PUSCH, a new mechanism should be developed in order to derive transmission power for SRS in the carrier without PUSCH. It should also be noted that SRS transmission power derivation formula for intra-band carrier switching and inter-band carrier switching could be different.
Timing advance
In current spec, timing advanced for PUCCH/PUSCH/SRS is defined such that upon reception of a timing advance command for a TAG containing the primary cell or PSCell, the UE shall adjust uplink transmission timing for PUCCH/PUSCH/SRS of the primary cell or PSCell based on the received timing advance command. If the UE is configured with a SCG, the UL transmission timing for PUSCH/SRS of a secondary cell other than the PSCell is the same as the PScell if the secondary cell and the PSCell belong to the same TAG. Similar mechanism can be considered for the CCs where SRS is transmitted without PUSCH, which means that SRS carrier switching can be done among the carriers in the same TAG.
In case of SRS carrier switching between different TAGs, the target CC should have already been UL synchronized.  Otherwise RACH procedure will be necessary for synchronization before SRS switching is done which results in further traffic interruption
3. Conclusions
In this contribution, we discussed few aspects of SRS carrier based switching. Mechanisms for power control and timing advance should be carefully investigated in order not to complicate the system design. Considering TX/RX interruption and simplicity of operation, it is proposed to carry out SRS carrier switching within special subframe and only aperiodic SRS triggering is supported.
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