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1. Introduction

It has been agreed to support dynamic, aperiodic sounding reference signal transmission for rel-10 and it was further agreed at the last RAN WG1 meeting in Beijing that triggering is at least by PDCCH UL grants.    In addition to already noted aspects to further discuss, such as resources, how to share periodic and aperiodic resources, multiple antenna aspects, and duration, it was noted that further discussion is needed on topics such as the number of bits/codepoints in the UL grant, triggering with DL assignments as well as details of what is triggered.

In the present contribution, we discuss further details on dynamic aperiodic sounding reference signal transmission for release-10.
2. Discussion

2.1. Triggering of aperiodic sounding reference signals with downlink assignments

At the last meeting it was noted that triggering transmission of dynamic, aperiodic SRS by means of downlink assignments is for further studies.   For applications, such as uplink scheduling and link adaptation as well as uplink MIMO, it is natural to control the aperiodic SRS with the UL grants since there is need for sounding when there is uplink data transmission. Furthermore, carrier aggregation aspects, such as for which UL component carrier the SRS is to be transmitted are straight forward to handle.  
Triggering of aperiodic SRS transmission with DL assignments on the other hand could then be of interest if there is a need for uplink SRS transmission at the same time as there is a no need for uplink data transmission. One such application hinted in [1] is reciprocity based DL transmission, such as beamforming, which can exploit uplink channel estimates from SRS transmissions. At the same time, substantial design efforts have been spent already for Rel-8 on the SRS design for this purpose, and hence it is important to understand any shortcomings of the existing design that should be overcome.  Furthermore, it is not obvious that the same design is applicable for such sounding for DL transmission as for sounding for UL transmission. 
Proposal:

· Identify and study the application as well as benefits of DL assignment based triggering of aperiodic SRS transmission 
Assuming that the main application of DL assignment triggered sounding is downlink beamforming, we note that (aperiodic) CQI/PMI/RI feedback is needed in any case.  Furthermore, there needs to be an association between the downlink component carrier on which the PDCCH is transmitted and the uplink component carrier on which the aperiodic SRS is transmitted.  One may also consider coupling between downlink parameters and uplink parameters of the PDSCH and SRS respectively.  Another topic that needs analysis is how to deal with error cases when triggering of the same resource is allowed in two different ways, with both UL grant and DL assignment.  Yet another aspect to consider is the number of bits/codepoints that are needed which needs to be considered in together with control signal coverage.
2.2. Number of bits in UL grant and UE specific parameters 
One aspect that needs further consideration is how many codepoints, or bits, that should be used to trigger the aperiodic SRS. This is related to UE specific parameters such as frequency domain position, bandwidth, frequency domain comb and cyclic shift of the base sequence.   One approach, inline with the current agreements is not to add any extra codepoint at all to the UL grant so that the UE, if configured by higher layers, would always transmit an aperiodic SRS when detecting an UL grant. However, this could impose scheduling constraints and possibly offer too limited flexibility and hence at least one codepoint is preferable to control transmission or no transmission in a dynamic fashion.   As noted in the [2] , efficiency can be improved by allowing multiple users to share the same SRS resource in a dynamic fashion. From this perspective, to avoid collisions between different users, one can envision having multiple codepoints/bits to enable more efficient scheduling of aperiodic SRS resources. At the same time, our view is that the number of codepoints/bits added for dynamic aperiodic SRS transmission triggering should be kept to a minimum to keep the design simple and more importantly to preserve control channel coverage.
Proposal

· At most one bit/codepoint is added to the UL grant for dynamic triggering of UL aperiodic SRS
To improve the efficiency in the sense that collisions between multiple UEs can be possibly resolved in a more dynamic fashion, one can consider determining some of the UE specific aperiodic SRS parameters in a certain subframe from other information elements in the DCI format.

Proposal
· Further consider reusing other information elements in the DCI format to partially determine some of the UE specific parameters for the aperiodic SRS.
One example of this, as mentioned during the discussions at the last meeting is to use the DMRS cyclic shift bits.  When it comes other UE specific parameters such as bandwidth, frequency domain position, frequency domain comb, cyclic shift, frequency hopping and so on,   it is envisioned that they are semi-statically configured in a similar manner as the parameters for periodic sounding reference signals.  To save design efforts and signaling overhead, one can also consider reusing parameters for the periodic SRS transmission.
2.3. Resources for aperiodic sounding reference signals
The introduction of dynamic, aperiodic SRS is intended to improve the efficiency of the SRS transmission as compared to what is possible with only periodic SRS as defined in release-8/9 and there appears currently to be no clear need to increase the resources for sounding.   It may also be noted that the uplink codebooks currently defined for release-10 contain identity matrices for full rank precoding. Hence in addition to SRS, by granting a full rank transmission, the eNodeB can also acquire channel knowledge from DMRS.   

Since periodic and aperiodic SRS transmission can be multiplexed in the same way as periodic SRS transmissions from different UEs can be multiplexed, the natural starting point is to use the existing resources for aperiodic SRS. In fact, the existing notion of cell specific resources for SRS provides a framework for puncturing both PUSCH and PUCCH resources so as to avoid collisions as well as to comply with the uplink single carrier design, see also [3] .

Proposal

· Within cell specific resources reserved for sounding, periodic and aperiodic sounding reference signal transmissions are multiplexed in the same way as periodic sounding reference signals of different users are multiplexed in Rel-8/9.
A possible enhancement is to dynamically allow rel-10 UEs to transmit data also in the last symbol of a subframe reserved for SRS transmission. It is then left for eNodeB implementation to avoid (undesired) collisions.   
2.4. Duration of aperiodic SRS transmission
One topic to be further discussed is the duration of dynamic aperiodic sounding references signal transmission.   The need and the additional net benefit of any other duration than a one-shot transmission with a duration of a single subframe, such as timer-based deactivation or semi-persistent until disabled,  is not clear since the periodic sounding reference signals already provides such functionality. It would also require a more non-causal but not necessarily more efficient sounding reference signal resource allocation considering multiple future subframes or radio frames in combination with multiple UEs with different priorities. 

Proposal:

· A dynamically triggered aperiodic sounding reference signal on a certain component carrier has the duration of a single uplink subframe.

2.5. Sounding reference signals from multiple transmit antennas

The motivation for introducing sounding reference signal transmission from multiple UE antennas is to support uplink spatial multiplexing to enhance the uplink peak data rates. Since the uplink demodulation reference signals are precoded, non-precoded sounding reference signals are needed to enable the eNodeB to select precoders. Even though the demodulation reference signals are precoded whereas the sounding reference signals are not precoded, it appears natural to use the same multiplexing scheme; multiplexing of reference signals from different UE transmit antennas by means of code division multiplexing using different cyclic shift within the same UL SC-FDMA symbol.  Such an approach also appears more straightforward from a sounding reference signal resource management perspective as well as UE radio requirement perspective as compared to other approaches using multiple subframes.

Proposal:

· Sounding reference signals of different UE antennas are code division multiplexed using different cyclic shifts in the same symbol.

When it comes to the actual cyclic shifts used by different antennas, it is foreseen that there is need to only convey a single parameter from which the cyclic shift of the other antennas can be determined.

3. Conclusion

Based on the discussion above, we make the following proposals.
· At most one bit/codepoint is added to the UL grant for dynamic triggering of UL aperiodic SRS
· Further consider reusing other information elements in the DCI format to partially determine some of the UE specific parameters for the aperiodic SRS.
· Within cell specific resources reserved for sounding, periodic and aperiodic sounding reference signal transmissions are multiplexed in the same way as periodic sounding reference signals of different users are multiplexed in Rel-8/9.
· A dynamically triggered aperiodic sounding reference signal on a certain component carrier has the duration of a single uplink subframe.

· Sounding reference signal of different UE antennas are code division multiplexed using different cyclic shifts in the same symbol.

· Identify and study the application as well as benefits of DL assignment based triggering of aperiodic SRS transmission. 
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