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1. Introduction

At the last RAN WG1 meeting in Jacksonville, progress was made when it comes to aperiodic sounding reference signal transmission.    After the meeting, it was however discovered that the transmission timing for aperiodic SRS in TDD needs further clarification.  The present contribution deals with this as well as some other remaining issues that needs to be resolved in order to complete the basic design. More specifically, we discuss

· Aperiodic SRS transmission timing, especially  in UpPTS of the special subframe

· Value ranges for the higher layer configured parameters of aperiodic SRS 

· Collision of periodic and aperiodic SRS in the same subframe

· Multiplexing of SRS from multiple antennas

· Triggering of aperiodic SRS

It should be noted that in addition to the above mentioned issues,   there are some additional issues to be settled when it comes to simultaneous transmission of both periodic and aperiodic SRS and other signals such as PUSCH and PUCCH.  These are not considered in the present ´contribution
2. Discussion

2.1. Aperiodic SRS transmission timing in UpPTS

At the last meeting agreements were reached regarding transmission timing of aperiodic SRS. More specifically, 

· When dynamic aperiodic SRS trigger is detected in subframe n, the UE shall transmit an aperiodic SRS in the first UE-specific A-SRS subframe n’ satisfying n’(n+4 and n’ satisfying kSRS ( n+4 for TDD (kSRS is derived from n’, as defined in 36.213) 

· As in Rel-8, UE-specific A-SRS subframe is determined by periodicity and offset

· UE-specific A-SRS subframes is a subset of cell-specific subframes 

· The values for periodicity and offset are defined as in Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213.

· FFS whether all or a subset of the table is used

It was noted during the email discussion that it is not clear how to determine for TDD since it is not clear how to determine kSRS (which in 36.213 appears to have a value range of between zero and nine).  Note that the condition first UE-specific A-SRS subframe n’ satisfying n’(n+4 is clear and applicable for both FDD and TDD. A possible reason for the special definition in case of TDD is the special case when UpPTS in the special subframe has two symbols available for sounding. Considering the fact that the cell specific resources anyway have to be shared between different users and between aperiodic and periodic SRS,   the ambiguity that could arise would be for the case that a specific UE is assigned aperiodic SRS resources in both symbols of UpPTS.  This case does not appear important enough to optimize for. We therefore propose the following:

Proposal
· When dynamic aperiodic SRS trigger is detected in subframe n, the UE shall transmit an aperiodic SRS in the first UE-specific A-SRS subframe n’ satisfying n’(n+4  (for both FDD and TDD)
· The UE can assume that higher layers have configured at most one of the available symbols in UpPTS to be available for aperiodic SRS.

2.2. Value ranges for parameters of aperiodic SRS

From the Chairman’s minutes and the list of physical layer parameters in [1] , we note that the value ranges of the following agreed parameters need to be determined:

· cyclicShift-ap

· srs-Bandwidth-ap

· SRS antenna port configuration-aperiodic

· TransmissionComb-ap

· freqDomainPosition-ap

It may be noted that one instance of each of the above parameters is associated to the SRS trigger bit in DCI format 0 and that three sets of the above parameters are associated to the 2 SRS-related IEs in DCI format 4.   There are also other parameters, which are for further study, and not needed for single-shot aperiodic SRS.

For narrower sounding bandwidths, periodic sounding appears appropriate since multiple transmissions are needed in case there is a need to sound the whole bandwidth.  In light of the SU-MIMO application for high data rates, wider sounding bandwidths appears suitable and hence the value ranges for the parameters only need to consider wider bandwidth. This leads to the following proposal.

Proposal
· The following is proposed for aperiodic sounding reference signal  higher layer parameters
· cyclicShift-ap: 3bits
· srs-Bandwidth-ap:  full BW, ½ BW and ¼ BW
· SRS antenna port configuration-aperiodic : 1, 2 or 4 (restrictions apply depending on transmission mode)
· TransmissionComb-ap: 1bit
· freqDomainPosition-ap: 2bits
When it comes to the configuration index, srsConfigurationIndex, the current agreement is that this is common for all sets. As mentioned above, an open issue is whether the whole or a subset of Table 8.2-1 for FDD, and 8.2-2 / 8.2-3 for TDD in 36.213 is to be used.  Longer periodicities are suitable for periodic sounding when multiple users need to be multiplexed.  Aperiodic sounding on the other hand use dynamic triggering to multiplex different users, and longer periodicities do not appear needed. 
Proposal

· SRS configuration index for periodicity and subframe offset only needs to consider periodicities up to 10ms.
2.3. Collision of periodic and aperiodic SRS

For a certain UE, there can be collisions between periodic and aperiodic SRS transmission in a given subframe. In this case, it is proposed that the periodic SRS is dropped. This means that the UE will use the higher layer parameters for aperiodic sounding reference signals. 

Proposal

· In case, a UE is requested to transmit an aperiodic SRS in a subframe where it is also configured to transmit a periodic SRS, the UE shall use the SRS parameters for aperiodic SRS.

2.4. Multiplexing of aperiodic SRS from multiple antennas

When it comes to multiplexing SRS from different antennas of the same UE, the use of cyclic shifts and frequency domain combs have been discussed.  The primary application for using different combs appears to be to multiplex sounding signals of different bandwidths from different terminals. Since both periodic and aperiodic SRS exist, there is need for this. Reminding that the multiplexing capacity of combs is only 2 it appears natural to employ such a multiplexing tool only when strictly necessary. At the same time, the benefit as well as scenarios where multiplexing sounding signals from different antennas would benefit from using different combs, the baseline solution is to multiplex sounding from different antennas using cyclic shift only, and for a given number of antennas use the maximum possible separation in terms of cyclic shifts. More specifically, in the case of two antenna ports, a shift separation of four applies whereas for four antenna ports, a shift separation of two is applies. 

Proposal:

· Sounding signals of different antennas are multiplexed using different cyclic shifts.

· For two antennas, a cyclic shift separation of four applies and for four antennas, a shift separation of two applies.

2.5. Triggering of aperiodic SRS

Suppose that a UE specific SRS resource is allocated once every 5ms. Without loss of generality, let us consider FDD.  It may be noted that there are then multiple downlink subframes, for FDD five (5), in which UL grants transmitted in the form of DCI format 0 or in the form of DCI format 4 can trigger the same aperiodic SRS transmission.   We note that there can thus be ambiguities since the different DCI formats are associated with different parameter sets, and at least for DCI format 4, the DCI formats can carry different values for the DCI triggering bits.   Since the aperiodic SRS transmissions can be triggered with different DCI formats, it appears not possible to require that the same values shall be used in all different UL grants.  Scheduling of data is to be possible on a per subframe basis, and some functionality is also needed to manage the aperiodic SRS resources which are to be shared between multiple users.  It is not obvious that the need for aperiodic sounding is known at the beginning of each set of associated subframes, in this case five. At the same time, error cases needs to be considered in case functionality to cancel already triggered aperiodic SRS transmissions is desired.  

Proposal:
· Discuss error cases when conflicting SRS configurations are set up for a given aperiodic SRS transmission, including the case of mixed triggering by both DCI format 0 and DCI format 4.

3. Conclusion
Remaining issues regarding aperiodic sounding reference signals were discussed, and the following proposal are made:

· When dynamic aperiodic SRS trigger is detected in subframe n, the UE shall transmit an aperiodic SRS in the first UE-specific A-SRS subframe n’ satisfying n’(n+4  (for both FDD and TDD)
· The UE can assume that higher layers have configured at most one of the available symbols in UpPTS to be available for aperiodic SRS.

· For aperiodic sounding reference signal  higher layer parameters
· cyclicShift-ap: 3bits
· srs-Bandwidth-ap:  full BW, ½ BW and ¼ BW
· SRS antenna port configuration-aperiodic : 1, 2 or 4 (restrictions apply depending on transmission mode)
· TransmissionComb-ap: 1bit
· freqDomainPosition-ap: 2bits
· SRS configuration index for periodicity and subframe offset only needs to consider periodicities up to 10ms.
· In case, a UE is requested to transmit an aperiodic SRS in a subframe where it is also configured to transmit a periodic SRS, the UE shall use the SRS parameters for aperiodic SRS.

· Sounding signals of different antennas are multiplexed using different cyclic shifts.

· For two antennas, a cyclic shift separation of four applies and for four antennas, a shift separation of applies.

· Discuss error cases when conflicting SRS configurations are set up for a given aperiodic SRS transmission, including the case of mixed triggering by both DCI format 0 and DCI format 4.
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