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1. Introduction

In RAN1#60bis, the following agreement was reached regarding aperiodic sounding reference signal (SRS) enhancements in LTE-A

· 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
In this contribution, we discuss the need to also be able to trigger aperiodic SRS transmission in DL assignment and to consider group-based triggering as a method to lower aperiodic SRS overhead.
2. Aperiodic SRS Triggering
The current working assumption is that aperiodic sounding is triggered at least by PDCCH uplink grants.  Furthermore, it is FSS how many bits in the DCI message are used.  For example, a SRS-request bit similar to the aperiodic CQI request bit may be added.  Additional improvements, for example multi-bit trigger to provide some flexibility in SRS allocation, can also be considered. In this case, the underlying assumption is that SRS trigger occurs at the same time as a PUSCH allocation.  
Providing the trigger in the uplink grant is a reasonable approach as one of the important uses for SRS is to provide channel state information for uplink frequency selective scheduling.  In TDD, however, SRS can also be used for downlink transmission modes 7 and 8, and applicable for use in downlink frequency selective scheduling as well.  For TDD traffic that is heavily downlink asymmetric (given by downlink heavy TDD configuration), uplink allocation may be granted infrequently.  However, the number of SRS users can be very large due to heavy downlink traffic.  Aperiodic SRS can then be used to support this large number of users with SRS transmissions.  However, if aperiodic SRS can only be triggered in uplink grants, this can lead to a waste of uplink resource as PUSCH allocation will have to be given to trigger the SRS even when UEs have no pending uplink data transmission.  Alternately, if the eNB has to wait for uplink data to become available prior to triggering the SRS, downlink performance will suffer.  As a result, it would be beneficial to be able to trigger SRS transmission in downlink assignment as well.
Proposal – If SRS trigger is given as part of data allocation, triggering can also be done in DL assignment.

When the above signalling is used, sounding resource configuration (e.g. bandwidth, comb, cyclic shift, and antenna selection) is usually done with RRC signalling on a per user basis. 
3. Group-Based Aperiodic SRS

A disadvantage of individual-based triggers described in the last section is that the number of users that can be triggered is limited to the number of available grants.  This number is obviously further reduced by users receiving grants that do not require SRS.  If Rel-8 SRS configuration is re-used, a maximum of 16 users can be multiplexed into each sounding zone via different comb and cyclic shift assignment.  In addition, different sounding zones can be configured within one SC-FDMA symbol.  This means that each sounding opportunity can support many users.  To take advantage of this, group-based triggering can be used.  Group-based DCI similar to DCI 3/3A can then be defined to trigger multiple users at the same time.  Different grouping techniques can be used, for example based on CQI, data transmission pattern, and sounding requirements.  To provide some flexibility, the DCI may contain additional information in addition to the trigger.  For example, frequency location or cyclic shift can also be included.  This will, however, increase the number of required bits and lower the number of users that can be multiplexed together.  Naturally, to support group-based signalling, a new SRS-RNTI will have to be defined.

Proposal – Group-based triggering should be considered to minimize aperiodic SRS overhead and improve the flexibility of aperiodic SRS configuration.
4. Conclusions

In this contribution, the following points are recommended for consideration –

· If SRS trigger is given as part of data allocation, triggering can also be done in DL assignment.
· Group-based triggering should be considered to minimize aperiodic SRS overhead and improve the flexibility of aperiodic SRS configuration.
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