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1. Introduction
At the last working group meeting it was agreed to support dynamic aperiodic sounding reference signals. It was further noted that the discussion needs to continue on PDCCH signaling aspects, how to provide aperiodic sounding reference signal resources (including for multiple antennas), how to share these resources with the ones for periodic sounding reference signals and on the duration of the dynamic sounding reference signals.  Pre-coded sounding reference signals was further agreed not to be supported in release 10.

In the present contributions, some details of release-10 dynamic, aperiodic sounding reference signal transmission are discussed.  More specifically, we propose that UL grants can trigger transmission of aperiodic sounding reference signals and that different antennas are multiplexed in the same UL symbol using different cyclic shifts. We furthermore discuss resources for aperiodic sounding reference signals and propose two different alternatives to consider.

2. Discussion
2.1. Triggering of dynamic aperiodic sounding reference signal transmission

An efficient way to trigger aperiodic sounding reference signal (SRS) transmission is to extend a DCI format with an extra field or an extra codepoint to indicate whether an aperiodic SRS should be transmitted or not.  Similar to how aperiodic CQI reporting on PUSCH can be dynamically trigged by a field in DCI format 0, the DCI format for an UL grant can be extended to dynamically trigger transmission of aperiodic sounding reference signal(s). The increase in PDCCH signaling overhead for such an approach appears close to the minimum possible. In the context of carrier aggregation, the UL grant could trigger the transmission of a sounding reference signal on the same component carrier that the PUSCH transmission is granted on. 

Proposal:

· An UL grant can trigger an aperiodic transmission of reference signals for sounding in a single subframe on the same component carrier on which the PUSCH is granted.

It was further noted at the last meeting that 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.  

Proposal:

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

2.2. 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.

2.3. Resources for dynamic aperiodic sounding reference signals

In rel-8/9, there are both UE specific and cell specific parameters for sounding reference signals. The cell specific parameters reserve resources in terms of symbols in the time domain and resource blocks in the frequency domain. The UEs in the cell adjust their PUSCH transmission accordingly to avoid collisions with sounding reference signal transmissions. The eNodeB can then configure the terminals with UE specific parameters so that different UEs transmit sounding reference signals within the resources given by the cell specific parameters. 

We note that it is straight forward to multiplex periodic and aperiodic transmissions of sounding reference signals in exactly the same way that periodic sounding reference signal transmissions from different UEs are multiplexed, hence using time division, frequency division and code division multiplexing, within the resources reserved on cell level.  The partitioning of resources between aperiodic and periodic sounding can be left for implementation. For example, different combs can be used for aperiodic and periodic sounding respectively. 

From a terminal perspective, UE specific parameters for periodic and aperiodic sounding can be configured in the same way; semi-statically. The main difference is that aperiodic sounding reference signals are only transmitted when the UE is instructed to do so. The efficiency improvement for aperiodic sounding reference signals stems from the fact that multiple users in a dynamic fashion can share the same resource. A straightforward approach is to configure several UEs semi-statically with the same parameter values for aperiodic sounding reference signal transmission.   A given UE will however only transmit an aperiodic sounding reference signal when dynamically instructed to do so by the eNodeB, and this way collision between UEs with the same parameters can be avoided. Not all parameters that are needed for periodic sounding needs to be semi-statically configured, but some of them, such as the cyclic shift, can be taken from the DCI granting the PUSCH transmission and triggering the sounding reference signal transmission.

Alternative 1:
· 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.
· Multiple UEs can dynamically share the same resources for aperiodic sounding.

One could also consider dynamic reservation of resources for sounding reference signals on a cell level. More specifically, as part of the UL grant, the eNodeB could indicate whether the last symbol in a subframe is to be used for sounding or data, and adjust the number of OFDM symbols used for PUSCH transmission to leave room for sounding.  This is however not possible with rel-8/9 terminals; the scheduler must then avoid scheduling such terminals in a subframe where cell specific resources have not been semi-statically reserved in order to dynamically create resources for sounding.

Another way to reserve resources for aperiodic sounding reference signals is considered in [1] 

 REF _Ref258066217 \r \h 
[2] . A terminal will, when aperiodic SRS is triggered, shorten the PUSCH with one symbol and use the resources in the last symbol for transmission of reference signals for sounding, as illustrated in Figure 1. This would allow transmission of reference signals for sounding in any UL subframe where cell specific resources are not reserved, and would not require any higher layer configuration since the UE could determine the parameters for the sounding transmission from the corresponding UL grant.
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Figure 1 Example with aperiodic sounding puncturing last PUSCH symbol

Alternative 2:
· The UE will dynamically puncture the last PUSCH symbol and use the corresponding time and frequency domain resources for sounding transmission from the same UE that was granted the UL resource.

This approach has the characteristic that each user pays for its own sounding overhead; resources need not to be reserved, nor configured, semi-statically on cell level.  A limitation is that sounding reference signal covers only the same band as the PUSCH transmission. In such a case, one needs to resort to periodic SRS transmission for frequency domain scheduling, whereas the aperiodic SRS transmissions can be used to refine transmission parameters such as precoders.
3. Conclusion

Based on the discussion above, we propose that

· An UL grant can trigger the transmission of an aperiodic sounding reference signal on the same component carrier for which the grant is valid.

· An aperiodic dynamic sounding reference signal has duration of a single symbol.

· Sounding reference signals of different antennas are multiplexed using code division multiplexing with different cyclic shift in the same symbol.

We also propose to 

· Consider two alternatives for aperiodic sounding reference signal transmission

1. Multiplex periodic and aperiodic sounding reference signals within the cell specific resources in the same way as periodic sounding reference signals are multiplexed.  Multiple UEs can dynamically share the same resources for aperiodic sounding.

2. Dynamically puncture the last PUSCH symbol and use the corresponding time and frequency domain resources for sounding transmission from the UE that was granted PUSCH resources.
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