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1
Introduction
In RAN1#59bis, independent SRS configuration per CC in case of carrier aggregation was agreed. In addition, email discussion was initiated focusing on the following topics:
· need for dynamic aperiodic sounding

· need for sounding via DMRS

· need for increased SRS multiplexing possibilities

· need for multi-cell coordination / randomization

· need for precoded SRS

· need for SRS coverage enhancement

· need for non-contiguous SRS transmission
In RAN1#60, it was decided that:
· Dynamic aperiodic SRS is supported

· Continue discussion on PDCCH signaling aspects, how to provide aperiodic SRS resources (including for multiple antennas), how to share these resources with ones for periodic SRS, and for the duration of the dynamic SRS transmission (e.g. one-shot, with a timer, semi-persistent until disabled, etc.)
· Precoded SRS is not supported in Rel-10
In this contribution, we provide our views on these possible SRS enhancements for LTE-A, primarily focusing on some design details supporting dynamic aperiodic sounding.
2
Discussion

In LTE-A, SRS design needs to take into account LTE-A features such as multiple transmit anntennas, CoMP, supporting heterogenous networks, etc. As a result, a list of potential SRS enhancements for LTE-A were initiated in RAN1#59bis for email discussion.

Multi-cell coordination and randomization sounding are believed to be beneficial.  LTE Rel-8 provides flexible cell-specific SRS configurations. This can be utilized first to accommodate certain level of inter-cell SRS coordination. However, in Rel-8, although SRS can be enabled to cyclically sound the entire or a fraction of cell-specific SRS bandwidth, SRS hopping is in a deterministic manner for a given set of configurations. Such deterministic manner is the same for all cells under the same configurations. SRS multi-cell randomization is thus deemed beneficial and worth further consideration.
At this point, there is no clear need for increasing SRS multiplexing capabilities. It was agreed in RAN1#60 that dynamic aperiodic sounding should be supported to provide an improved tradeoff between signalling overhead and SRS transmission latency. The support of dynamic aperiodic sounding can further alleviate the concerns over the SRS multiplexing capability. The need for sounding via DMRS, SRS coverage enhancements, and non-contiguous SRS transmission can be FFS. 
In the sequel, we focus on some design details for dynamic aperiodic sounding.
The following issues need to be considered when designing dynamic aperiodic sounding:
· DCI formats 
· Interaction with cell-specific SRS subframes
· Timing
· SRS transmission location/bandwidth and interaction with periodic sounding
· Support of multi-antenna on UL

2.1
DCI Formats

In LTE Rel-8, dynamic aperiodic CQI is pigggbacked on PUSCH and is triggered only in DCI format 0 scheduling UL transmissions. Dynamic aperiodic sounding, however, is not necessarily tied with PUSCH transmissions. In addition, SRS is beneficial for both DL and UL operations, especially in TDD systems. Therefore, we propose:
Proposal 1: Enabling dynamic aperiodic SRS should be supported in both DL and UL DCI formats.
2.2
Interaction with Cell-Specific SRS Subframes

In LTE Rel-8, SRS is only transmitted in subframes configured as cell-specific SRS subframes. SRS is only transmitted using the last symbol of a cell-specific SRS subframe. In LTE-A, it is expected that dynamic aperiodic sounding still utilizes the same last symbol.
In Rel-8, whenever a PUSCH transmission is overlapped, even partially, with any potential SRS transmissions, the last symbol of the PUSCH resource is punctured. This provides the necessary collision avoidance between PUSCH transmissions and SRS transmissions within the same cell.  In LTE-A, the eNB may control the triggering of dynamic aperiodic sounding without colliding with any PUSCH transmissions. In other words, no explicit restriction on dynamic aperiodic sounding is necessary from PUSCH perspective.
However, extra care has to be taken from PUCCH perspective. In Rel-8, it is possible to have simultaneous transmissions of SRS and ACK/NAK/SR by using shortened PUCCH formats 1/1a/1b in cell-specific SRS subframes. Note that in other subframes, regular PUCCH formats 1/1a/1b are always used. If shortend PUCCH formats are not configured, SRS is always dropped when colliding with ACK/NAK/SR. If aperiodic SRS is triggered in subframes not designated as cell-specific SRS subframes, it should either be dropped (under the SC waveform) or be carefully handled with the co-existence of shortend PUCCH formats (for new UEs) and regular PUCCH formats (for legacy UEs) in one subframe. Given that, it is preferred that dynamic aperiodic SRS is only triggered in cell-specific SRS subframes. 
Proposal 2: Only enabling dynamic aperiodic SRS triggering in cell-specific SRS subframes.

2.3
Timing

In LTE Rel-8, the min 4ms rule is applied for both DL and UL H-ARQ operations. It is thus natural to consider using the 4ms as the baseline defining the time between when the dynamic SRS sounding is triggered and when the SRS is transmitted.  In addition, as discussed earlier, the transmission of aperiodic SRS should only occur in cell-specific SRS subframes. Given that, we propose:

Proposal 3: The timing for dynamic aperiodic SRS transmission, after being triggered, should be the first available cell-specific SRS subframes at or after 4ms.

2.4
SRS Transmission Location/Bandwidth and Interaction with Periodic Sounding
One issue regarding dynamic aperiodic SRS is the flexibility of the SRS transmission locations and/or bandwidths per triggering, which can be enabled explicitly (e.g., 2 or more bits in DCI formats) or implicitly (e.g., subframe-dependent)   In order to enable efficient dynamic aperiodic sounding and to provide the intended improved tradeoff between SRS overhead and SRS efficiency, some flexibility in location/bandwidth for aperiodic SRS is desirable. The details can be FFS.
Proposal 4: Flexibility in aperiodic SRS transmission locations/bandwidths is desirable, details FFS.

On the other hand, aperiodic and periodic SRS transmissions in one cell should be smoothly integrated. To more effectively support aperiodic SRS and to facilitate eNB implementation, we propose that:

Proposal 5: Dynamic aperiodic SRS should be based on the same set of UE-specific SRS bandwidths defined for periodic SRS
2.5
Support of Multi-Antenna on UL
In LTE Rel-8, perioidic SRS sounding for two UL antennas is possible via alternating between different antennas. Aperiodic SRS sounding should also take into account the support of two UL antennas. A few design options can be envisioned:
· Option 1: only one trigger, but once set, it triggers SRS for both antennas simultaneously

· Option 2: only one trigger, but once set, it triggers SRS only for the first antenna

· Option 3: only one trigger, but once set, it triggers SRS for both antennas in an alternate manner (antenna switching)

· Option 4: two independent triggers

Needless to say, the detailed design of multi-antenna SRS is also related to the flexibility in dynamic aperiodic sounding location/bandwidth, as discussed in Section 2.2.

Proposal 6: Dynamic aperiodic SRS sounding should take into account the support of two UL antennas.
3
Conclusions
In this contribution, we provide our views on potential SRS enhancements listed in RAN1#59bis. In particular, we focus on the potential support of dynamic aperiodic SRS sounding and propose the following:
· Enabling dynamic aperiodic SRS should be supported in both DL and UL DCI formats
· Only enabling dynamic aperiodic SRS triggering in cell-specific SRS subframes
· The timing for dynamic aperiodic SRS transmission, after being triggered, should be the first available cell-specific SRS subframes at or after 4ms.
· Flexibility in aperiodic SRS transmission locations/bandwidths is desirable, details FFS.

·  Dynamic aperiodic SRS should be based on the same set of UE-specific SRS bandwidths defined for periodic SRS.
· Dynamic aperiodic SRS sounding should take into account the support of two UL antennas.
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