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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN Plenary #71, the new WI of "SRS Carrier Based Switching for LTE" has been approved [1]. The main objective is as follows:
· [bookmark: OLE_LINK10]To support SRS switching to and between TDD component carrier(s), where the component carriers available for SRS transmission correspond to the component carriers available for carrier aggregation of PDSCH, while the UE has fewer component carriers available for carrier aggregation of PUSCH 
In this contribution, potential standards impacts to support SRS carrier based switching will be discussed. Discussions of general operation and RAN4 impacts of SRS switching can be found in companion contributions [2][3][4].
Specification impacts to support SRS carrier based switching
To enable fast carrier switching to and between TDD component carriers (CCs), the network needs to first configure a UE with SRS on all TDD CCs, even if the UE UL CA capability is much less. Then the UE can switch to and between those carriers and transmit SRS. The switching may be according to the network configuration or network indication, including information about the carriers to switch from and to switch to, etc. The transmission of the SRS on the switch-to CC is also according to the network configuration or network indication, including the transmission power, timing, bandwidth, etc. The procedure for general operation is described in [2]. In this section, we analyze the technical components to support the SRS switching and associated potential specification changes. 
As described in [2], there are three levels of operations involved in SRS switching, i.e., the carrier level, concerned with the carrier-level configurations for SRS and switching from one carrier to another, etc.; the subframe level, concerned with on which subframe the SRS switching and transmission should be performed and the relation with other transmissions on that subframe, etc., and the symbol level, concerned with SRS switching symbols and transmission symbols, etc. See below figure for an illustration.
[image: ]
Figure 1 Illustration of SRS switching showing carrier level, subframe level, and symbol level 			(D/S/U represent downlink/special/uplink subframes, resp.)
Allowing for SRS transmission on all TDD carriers 
To allow a UE to transmit SRS on all TDD CCs over time, it is necessary to allow SRS to be configured on possibly all the TDD CCs, even if the UE does not support UL CA on all the TDD CCs. This is not allowed in current standards. Therefore, a key standards impact is to allow that the number of TDD carriers configured for SRS transmission may exceed the number of carriers dictated by the UE UL CA capability (see next subsection for details).
Observation 1: Allow the number of TDD CCs configured for SRS transmission to exceed that associated with the UE UL CA capability.
Ensuring consistency for SRS switching 
Several consistency considerations are discussed in [2]. For example, the SRS switching has to be consistent with the TDD UL-DL configurations on the TDD carriers involved in SRS switching. For another example, the UE shall not need to perform simultaneous UL transmissions on more CCs than its UL CA capability. If a TDD SCell is indicated by the network for an aperiodic SRS transmission, the UE shall interpret that UL transmissions on other SCells beyond its UL CA capability are dropped or not to be scheduled. If there is a collision between a periodic SRS transmission and another UL transmission (e.g., PUSCH/PUCCH transmission on another CC), then the SRS transmission is dropped. In addition, proper collision handling can help reduce the interruptions on other UL transmission, especially for important UL transmissions such as PUCCH and PCell transmission.
Observation 2: Provide a SRS switching mechanism that is consistent with network configurations and indications for the TDD carriers and UE UL capability limitations.
Observation 3: Introduce collision handling to reduce negative impacts on other UL transmissions, especially PUCCH and PCell transmissions.
SRS configuration for all TDD carriers
SRS transmissions need to be configured on all TDD CCs. In other words, each TDD CC needs to be configured, explicitly or implicitly by RRC signalling, with SRS bandwidth configuration, subframe configuration, transmission comb, antenna ports, cyclic shifts, etc. In addition, SRS power control parameters for each TDD CC need to be configured.
Existing configuration signalling should be generally sufficient for this purpose, but some modifications are needed for SRS power control since the current power control for SRS assumes the existence of PUSCH on the same CC. SRS power control configuration without reliance on PUSCH on the same CC needs to be specified. 
To support SRS switching, it is needed to specify the UL CC from which the UE is switching, if the UE supports more than one UL CC. This may be configured such as the UE is configured to always switch from a certain SCell in UL to another CC, or more complicated methods may be designed (e.g., configuring a switching-from CC for a set of switching-to CCs). Likewise, the switching-to CC of a switching may need to be configured. In some cases, the indication may be explicit such as indicating a switching from CC1 to CC2 in certain signalling, but in other cases, the indication may be implicit such as when the UE has only 1 CC supporting PUCCH/PUSCH. The explicit indication may be via RRC signalling for periodic SRS switching, or via RRC signalling combined with a physical layer trigger for aperiodic SRS switching.
In addition, signalling overhead reduction may be considered. For example, several TDD SCells may share a common SRS configuration (or related SRS configurations), such as antenna ports, aperiodic configuration, etc. This may become especially important if the UE supports many (up to 32) CCs.
That is, for some carriers with common characteristics of SRS transmission, the SRS configuration signaling to configure the common characteristics to these carriers can be considered.
Observation 4: Configuration signalling for SRS power control needs to be enhanced.
Observation 5: Configuration signalling for switching-from CC and switching-to CC should be considered.
Observation 6: SRS configuration signalling overhead reduction can be considered.
SRS trigger signalling 
For aperiodic SRS transmission on a CC, SRS trigger signalling needs to be used. The existing signalling and mechanism should be reusable, though further enhancement and signalling overhead reduction can be considered.
Observation 7: SRS trigger signalling overhead reduction can be considered.
SRS transmission
With proper network configurations and indications, UE performs switching to a TDD CC and transmits SRS on that CC. One issue that needs to be resolved is the timing advance (TA) of the transmission, as the UE may not have acquired the TA on the CC. If the CC belongs to a TAG with an acquired TA on another CC, the TA may be used. Otherwise, the UE may need to acquire timing based on RACH or sufficient time gaps before and after the SRS transmission is needed to avoid interfering with other transmissions.
Observation 8: Address the SRS timing advance issue to avoid interfering with other transmissions.
Switching subframe and symbol design
Within a switching subframe, switching times and guard times need to be reserved, possibly before and after the switching operations. This may change the subframe structures for both the carrier it switches from and the carrier it switches to. For example, to prevent the switching from affecting the next subframe of a TDD carrier, the UE may switch to another TDD carrier in the middle of a subframe, transmit SRS on the other carrier, and switch back to the carrier some time before the ending of this subframe. Due to possible timing differences among the carriers (especially if they are on different bands), the switching back should occur early enough during that subframe to avoid any potential impact on the next subframe. Therefore, it may not be possible to put SRS on only the last (or even the second to last) SC-FDMA symbol of the switching subframe.  The current standards allow SRS transmission in the last 6 symbol of a special subframe, which can be used for SRS switching without affecting the next subframe. However, in a UL subframe, only the last one symbol can be used for SRS transmission, and is desired to be enhanced.
With the modifications of subframe structures for the subframes involved in SRS switching, different subframe formats may need to be designed and supported.
Observation 9: SRS switching subframe enhancement needs to taking into consideration of switching times and guard times and avoid impact on the next subframe.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, potential standards impacts of SRS carrier based switching have been discussed. To summarize the above observations, we have the following proposal:
Proposal: The following enhancements are needed for supporting SRS carrier based switching:
· Allowing the number of TDD CCs configured for SRS transmission to exceed that associated with the UE UL CA capability
· Ensuring consistency with other network configurations and indications and UE UL CA capability limitation
· Collision handling
· SRS power control enhancement
· SRS configuration signalling for switching-from CC and switching-to CC
· SRS configuration signalling overhead reduction 
· SRS trigger signalling enhancement 
· SRS timing advance enhancement for switching-to CC
· SRS switching subframe design
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