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Introduction
Periodic sounding reference signal (SRS) transmission on UL is supported for Rel-8/9 to facilitate features such as UL frequency-selective scheduling, UL power control, time tracking, and DL scheduling utilizing UL-DL channel reciprocity for TDD. Rel-10 introduces aperiodic SRS, to provide on-per-need SRS transmission with fast L1/L2 triggering.
In this document we consider triggering details for aperiodic SRS in the context of carrier aggregation (CA). 
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Discussion
At the previous meeting it was agreed that:

· One-shot SRS transmission is supported
· If DCI format 0 is used for SRS triggering the size of DCI format 0 remains the same as defined in Rel-8 at least in common search space

· Rel-8 (time/frequency/code) SRS resources are re-used for aperiodic sounding

· Cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding

· Aperiodic sounding using Rel-8 SRS resources is transmitted in cell-specific SRS subframes 

· UE-specific SRS configuration parameters such as SRS bandwidth, starting position, transmission comb, and cyclic shift could be different between periodic and aperiodic sounding

· A UE shall commence aperiodic SRS transmission in subframe n+k (k>=4) upon detection of a positive SRS request in subframe n.
Hence, the aperiodic SRS transmissions can be triggered by UL grants, but the details of triggering of dynamic aperiodic SRS in the case of multiple UL CCs are open. 
We can identify that the triggering of aperiodic SRS can be 

· Implicit triggering
· RRC configured triggering.
The implicit triggering assumes that an UL grant can trigger SRS on the CC the assignment is intended for. If a DL grant could be used for SRS triggering, it could trigger the SIB-2 UL CC aperiodic SRS. Therefore, there is an implicit mapping between the CC assignment and the CC SRS transmission triggering.
RRC configured triggering assumes that UL (and possibly DL) grants can trigger aperiodic SRS according to the pre-configured specification. The configured mapping of the bits to the CC on which aperiodic SRS is trigged could be UE-specific and common for all CCs, or UE-specific and CC-specific. For the case of CC-specific configuration, the meaning of the bits is specific to the CC the grant is intended for. Depending on the number of bits devoted for aperiodic SRS triggering, it may be possible to trigger multiple CCs at the same time. For example, the table below shows a possible configuration for SRS triggering specific for the grant for CC1 and CC2.
Table 1: An example configuration for SRS triggering specific for the grant for CC1 and CC2
	Grant for UL CC1
	SRS on UL CC1
	SRS on UL CC2
	SRS on UL CC3

	00
	
	
	

	01
	x
	
	

	10
	x
	
	x

	11
	x
	x
	x


	Grant for UL CC2
	SRS on UL CC1
	SRS on UL CC2
	SRS on UL CC3

	00
	
	
	

	01
	
	x
	

	10
	
	x
	x

	11
	x
	x
	


CC-specific configuration provides the best flexibility, since with small number of bits (e.g. 2) many different triggering options may be covered across carriers. 
In case the triggers from different grants are overlapping (i.e. UE receives multiple aperiodic SRS triggers for the same CC, coming from different grants), rules have to be defined to specify UE behaviour if. The possible rules in case of overlapping triggers are:

· Obey only the trigger from PCC grant (if received)
· In the Table above, if a UE received a grant for UL CC1 with field 11 and grant for UL CC2 with field 11, and CC2 is the PCC, it will transmit the aperiodic SRS on CC1 and CC2 according to the parameters defined by the grant for UL CC2

· If the overlapping trigger is not received on the PCC grant, use the trigger from the CC’s own grant

· If the overlapping trigger is not received on the PCC grant nor on the CC’s own grant, use the trigger according to the RRC defined priority, or ascending/descending CIF index (if configured), or some other rule

· Non-overlapping triggers are executed as per each grant, e.g. in the example above the aperiodic SRS will be triggered on CC3 based on the grant for UL CC1.

·   Obey only the trigger from the CC’s own grant (if received)

· In the Table above, if a UE received a grant for UL CC1 with field 11 and grant for UL CC2 with field 11, and CC2 is the PCC, it will transmit the aperiodic SRS on CC1 according to the parameters defined by the grant for UL CC1, and will transmit the aperiodic SRS on CC2 according to the parameters defined by the grant for UL CC2
· If the overlapping trigger is not received on the CC’s own grant, use the trigger from the PCC grant

· If the overlapping trigger is not received on the PCC grant nor on the CC’s own grant, use the trigger according to the RRC defined priority, or ascending/descending CIF index (if configured), or some other rule

· Non-overlapping triggers are executed as per each grant, e.g. in the example above the aperiodic SRS will be triggered on CC3 based on the grant for UL CC1

· Obey all triggers

· If the resources used for aperiodic SRS are the same regardless of the trigger, it yields to the single, unique aperiodic SRS transmission

· If the resources used for aperiodic SRS are specific to the trigger, it yields to different aperiodic SRS transmissions
· Overlapping triggers in an UL subframe are interpreted by the UE as an error event, and no aperiodic SRS is triggered

· eNB is expected to always enforce non-overlapping triggering. If the UE ever receives an overlapping triggering, the UE should not initiate aperiodic SRS transmission.

The bits referring to the aperiodic SRS may need, in addition to the information about which CCs are triggered for aperiodic SRS transmission, to specify the resources be used for aperiodic SRS on each triggered CC. The information of CCs being triggered and the resources for each CC can be separately or jointly coded. While Table 1 uses the 2-bit as an example, additional bits may be added to for additional flexibility in aperiodic SRS triggering among CCs within a UE and among different UEs. However, this also incurs additional overhead in every grant, and a trade-off between flexibility and overhead needs to be found. We believe that no more than 3 bits should be devoted for the purpose of dynamic indication of the aperiodic SRS resource and the CC being triggered. 
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Summary 
In this document we presented the triggering mechanisms for aperiodic SRS for operation with multiple CCs. Based on the discussion, we propose the following:
· RRC configured triggering
· The mapping of aperiodic SRS designated bits to the CC to transmit aperiodic SRS and resources to use is UE-specific and CC-specific
· The information is jointly coded
· Overlapping triggers in an UL subframe are interpreted by the UE as an error event, and no aperiodic SRS is triggered
· No more than 3 bits should be devoted for the purpose of dynamic indication of the aperiodic SRS resource and the CC being triggered.
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