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In RAN1 #85, a set of agreements regarding SRS switching between LTE component carriers were reached regarding periodic and aperiodic SRS:
· Aperiodic SRS on a CC without PUSCH is supported for SRS carrier-based switching
· Details FFS
· Periodic SRS on a CC without PUSCH is supported for SRS carrier-based switching
· Details FFS	
· Strive for minimizing additional complexity (w.r.t. A-SRS), if any, and additional specification impact for supporting P-SRS
In this contribution, the support of aperiodic SRS is discussed. For the support of periodic SRS, refer to a companion contribution [1].
Aperiodic SRS
It is generally accepted that aperiodic SRS transmission provides the highest flexibility for the network to obtain channel quality information based on sounding. Therefore, switching to a TDD carrier without PUSCH to perform aperiodic SRS transmission should be supported.
Aperiodic SRS is configured via RRC signalling and triggered dynamically via DCI formats 0/1A/2B/2C/2D/4 for TDD and 0/1A/4 for FDD. The configuration and DCI should be enhanced to support SRS transmission based on carrier switching. 
The DCI (jointly with the associated RRC configuration) may indicate a SRS transmission on one or more carriers, including those without PUSCH. Therefore, the carrier ID associated with the SRS transmission may need to be specified in the DCI explicitly or implicitly (via association with one of the multiple parameter sets configured via RRC signaling). This implies that cross-carrier triggering of aperiodic SRS can also be supported. More particularly, a DCI sent on CC1 may be used for cross-carrier scheduling of data for CC2 and cross-carrier triggering of SRS transmission on CC3. 
Regarding the number of parameter set configured for aperiodic SRS transmission, the current specification supports up to 3 parameter sets via 2 bits in DCI format 4. If the 2-bit trigger becomes insufficient, one more bit could be considered to be added. On the other hand, if for each DL CC (include each FDD CC if aggregated), there can be up to 3 parameter sets configured, this could lead to in total a sufficiently large number of parameter sets usable for aperiodic SRS. In other words, RAN1 may consider either increasing the number of SRS request bits or supporting carrier-specific SRS parameter set configuration.
The switching-from CC may need to be specified for each transmission. One way is to specify the switching-from CC in RRC configuration of parameter sets. Another way is to specify in the DCI trigger. The former has less physical-layer signalling overhead, but it is less flexible than the latter. RAN1 may consider the pros and cons and decide which to be supported.
For enhanced efficiency as discussed in [2], SRS switching operations for several SRS transmissions can be configured to be contiguous in time (subject to SRS switching gaps). This requires the aperiodic SRS to support multiple consecutive SRS transmissions (on the same or different CCs), and high-layer signalling to configure one or more SRS configurations at once, and DCI trigger to trigger one or more SRS transmissions at once. For example, the first SRS configuration is for SRS transmission on TDD CC1 in OFDM symbol k, the second SRS configuration is for SRS transmission on TDD CC2 k+1, and so on, and if the associated bit is set, then the UE will perform carrier switching multiple times and transmit SRS on the specified CCs accordingly.
If the SRS symbol position needs to be indicated, such information can be included in the DCI. 
In case that the indicated SRS transmissions conflict with the other transmissions indicated by DCI in a subframe (e.g., subframe n), collision handling mechanisms should be defined. For example, at subframe n+4, the ACK/NACK for the DL transmission in subframe n needs to be transmitted, and other UL transmission (e.g., PUSCH, CQI feedback) needs to be transmitted in n+4 based on the DCI in subframe n. In this case, the SRS transmissions associated with the SRS trigger in subframe n should not occur in subframe n+4. Several alternatives may be considered. First, the SRS transmission may be postponed to the next aperiodic SRS transmission opportunity, and the next aperiodic SRS transmission opportunity may be associated with no operation (for transmission or reception) as coordinated by the eNB, or the next aperiodic SRS transmission is always associated with UpPTS where no ACK/NACK can be sent. Second, DCI for SRS switching may be associated with no other scheduled DL/UL transmission. Third, in the case FDD+TDD CA, FDD and TDD may have different timing relationships, and thus the DCI for SRS in FDD CC may not cause collision to following UL transmission. Fourth, different HARQ timing for other transmissions scheduled in the SRS trigger may be defined.
Proposal: For aperiodic SRS support, support:
· Configure/indicate switching-to and switching-from CCs
· Configure/indicate SRS transmission opportunity (subframe position and symbol position)
· Multiple SRS transmissions on consecutive OFDM symbols on one or more CCs
· For SRS parameter set configuration, decide between:
· Option 1: increasing the number of SRS request bits 
· Option 2: supporting carrier-specific SRS parameter set configuration
· New SRS transmission timing 
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In this contribution, support of aperiodic SRS is discussed. We have the following main proposal:
Proposal: For aperiodic SRS support, support:
· Configure/indicate switching-to and switching-from CCs
· Configure/indicate SRS transmission opportunity (subframe position and symbol position)
· Multiple SRS transmissions on consecutive OFDM symbols on one or more CCs
· For SRS parameter set configuration, decide between:
· Option 1: increasing the number of SRS request bits 
· Option 2: supporting carrier-specific SRS parameter set configuration
· New SRS transmission timing 
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