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1. Introduction
In RAN1#60, it was agreed that dynamic aperiodic SRS is supported.  Discussion on resource allocation for aperiodic SRS continued after RAN1#60.   Further agreements on aperiodic SRS were made in RAN1#60bis as follows:  
· In case of aperiodic sounding, triggering is at least by PDCCH UL grants

· FFS how many bits / code points in the DCI message are used (i.e. including whether a PUSCH grant is given at the same time). 

· Triggering in DL assignment is FFS

· Details of what is triggered are FFS
This contribution discusses the triggering mechanism for aperiodic SRS and design of control information for triggering.  
2. Aperiodic SRS Triggering
The aperiodic SRS is triggered through control signaling; in order to be dynamic, this means either L1 or L2 signaling.  The resource allocation for aperiodic SRS would comprise a dynamic selection from a pre-configured resource pool, and could provide statistical multiplexing gain through the SRS resource utilization.  The pre-configuration of the SRS resources could be done through L3 (RRC) signaling.  The dynamic SRS resource allocation also allows the eNB to configure the SRS based on the need of UL scheduling when UL transmission is infrequent.  The eNB could also trigger the aperiodic SRS transmission to obtain additional channel information, which could be used for UL transmission and DL transmission using channel reciprocity for TDD, or long term channel correlation matrix estimation for both TDD and FDD [4].   Thus, the control signaling for triggering SRS needs to be fast.  We discuss below the relative merits of L1 or L2 signaling.  
2.1. Aperiodic SRS triggering by L2 signaling

Using L2 signaling would entail defining a new MAC control element to activate the aperiodic SRS transmission [13].  A L2 signaling approach for triggering aperiodic SRS would minimize the hardware impact of the feature.  However, it would require successful PDSCH decoding, which leads to some  timing uncertainty and delay due to the fact that the PDSCH operates with HARQ.  The triggering point of the aperiodic SRS would depend on the number of HARQ retransmissions required.  In order to avoid ambiguity of the aperiodic SRS transmission time, the L2 signaling might need to include a reference time, such as a subframe number and SFN.  The overhead then starts to become a significant concern for this approach.   
2.2. Aperiodic SRS triggering by PDCCH
L1 signaling using the PDCCH is the fastest way to activate the aperiodic SRS.  In RAN1#60bis, the triggering of aperiodic SRS was agreed to be at least by UL grant.  Since additional DCI formats anyway need to be designed to support different UL transmission modes, such as SU-MIMO, the inclusion of the control signaling bit to trigger aperiodic SRS transmission in the new DCI format would not create additional complexity in DCI format design, nor increase the number of blind decodings.  
If no UL grant is scheduled to the specific UL within the desired time for SRS transmission, an additional mechanism is required to activate the SRS.  
One possibility would be to send a dummy UL grant. 
Another possibility is to allow SRS activation bits to be included in the DL grant as in the suggested WF [3].  The use cases for the DL grant to carry SRS activation signaling could include the following:

· Asymmetric DL/UL traffic patterns - If the UE is in the RRC_CONNECTED state and has no scheduled UL transmission within a short interval, the UE might have DL transmission.  The aperiodic SRS is useful for the applications when the applications have sporadic and infrequent UL transmission, such as web browsing, wireless TV, and M2M communication.  Some of these applications have asymmetric traffic patterns leading to frequent DL resource allocation but infrequent UL resource allocation.  
· Asymmetric DL/UL bandwidth allocation – When more DL BW is configured than UL BW, the UL scheduling resource is very limited.  The number of UL grants for the UE to activate the aperiodic SRS can be very limited.  It is beneficial to have the possibility of carrying SRS activation signaling in the DL grants.
· Using SRS for DL radio channel state information – the SRS could be use for DL channel state estimation using channel reciprocity (e.g. as in TDD systems) or long term channel correlation matrix for both FDD [4] and TDD systems.  When aperiodic SRS is used for DL channel state estimation based on channel reciprocity, the activation is more logically associated with the DL grant.  
In summary, we therefore propose to allow the inclusion of the activation signaling for aperiodic SRS in the DL grant.  

If it is possible to trigger aperiodic SRS by both UL grants and DL grants, we do not believe it is necessary to use dummy uplink grants. Dummy uplink grants cause additional overhead and use up control channel resources. Moreover, aperiodic SRS is not often likely to be useful if there is neither uplink traffic nor downlink traffic, so the useful scenarios for dummy UL grants would be very limited. 

2.3. Control Signaling of Aperiodic SRS triggering

Aperiodic SRS should be designed to provide statistic multiplexing gain.  It is more efficient and less complexity to provision a resource pool for aperiodic SRS.  The allocation of the aperiodic SRS resource could be configured for each UE through higher signaling in advance.  Since the eNB has full knowledge of the list of UEs configured for aperiodic SRS, the eNB could use a single bit to trigger the aperiodic SRS transmission without concern of collision.  Thus, a single bit for the triggering of SRS transmission via PDCCH DCI at subframe n should be sufficient to activate the SRS transmission at subframe n+4.  The single bit of SRS activation signaling could be specified as a new field for SRS, or use an existing reserved field
.  
3. Conclusions

In this paper, we analyze the triggering mechanism and control signaling to activate aperiodic SRS transmission.  We propose
· Using L1 signaling only as the trigger of aperiodic SRS – no L2/L3 signaling.

· Including SRS activation signaling in the DL grant (in addition to the UL grant as already agreed)
· Activation of aperiodic SRS should follow the usual timeline of UL scheduling transmission with 4 subframes delay

· One-bit activation field in both DL and UL DCI formats, with aperiodic SRS resource allocation pre-configured for each UE through higher layer signaling. 
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