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1. Introduction

At the last WG1 meeting in Madrid, further agreements were reached with respect to single-shot aperiodic SRS transmission triggered by UL grant in Rel-10;

· Rel-8 (time/frequency/code) SRS resources are re-used for aperiodic sounding

· Cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding

· Aperiodic sounding using Rel-8 SRS resources is transmitted in cell-specific SRS subframes 

· UE-specific SRS configuration parameters such as SRS bandwidth, starting position, transmission comb, and cyclic shift could be different between periodic and aperiodic sounding

· A UE shall commence aperiodic SRS transmission in subframe n+k (k(4) upon detection of a positive SRS request in subframe n
· SRS for all the configured transmit antenna ports should be transmitted within one SC-OFDM symbol of the same subframe. 
· Both CS and Comb could be used for multiplexing different antennas
· Further discussion needed to see if we can narrow down the configuration parameters
· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports
During the discussion, it was noted that there is quite some number of issues remaining, such as relation to UL transmission modes, triggering for the multiple component carrier case, number of states needed in the PDCCH grant for triggering/configuration, parameters configured by RRC  (and the partioning between RRC and PDCCH). There were also proposals to enhance the aperiodic one-shot SRS by supporting durations greater than a single subframe (a.k.a. multi-shot aperiodic SRS) as well as proposals to allow triggering with downlink assignments.  In the present contribution, some of the remaining issues for aperiodic SRS are discussed.

2. Discussion

2.1. Relation to uplink transmission mode

Since uplink sounding reference signals can be used for different purposes, such as uplink frequency selective scheduling, uplink single-user and multi-user MIMO as well as reciprocity enhanced downlink transmission, and it is up to the eNodeB implementation whether or not to use the sounding reference signals, configuration of the number of antenna ports used aperiodic SRS should not be coupled with the uplink transmission mode.  Furthermore, since current uplink transmission modes are applicable to one, two or four antenna ports, it appears natural to support sounding from one, two or four antennas.

Proposal:
· Aperiodic SRS transmission from one, two or four antenna ports is supported. 

· The number of antenna ports from which the UE transmits aperiodic SRS is configured independently of uplink transmission modes by higher layers.

2.2. Multiplexing of sounding reference signals of different antenna ports

It has been agreed to multiplex sounding reference signals of different antennas within the same symbol, and it has been noted that the different antennas can be separated using different cyclic shift as well as different combs.  The need to separate SRS of different antennas using different frequency domain combs would make multiplexing of sounding reference signals of different bandwidths more difficult, where one example of such multiplexing is separation of periodic and aperiodic SRS transmission.  It is further not obvious that the potential improvement in orthogonality between different antenna ports is needed for channel estimates from the SRS which are not used for demodulation.   One aspect to consider in this context is the need for independent configuration of the cyclic shifts of SRS from different transmits ports. For example for the case of two antenna ports, a shift separation of two is expected to apply whereas a separation of two should apply for the case with four antennas. As a baseline solution, it is proposed to not have the possibility to configure the different antennas independently.

Proposal
· Different antennas are separated by means of different cyclic shift, and cyclic shifts of different antennas are determined from a single cyclic shift parameter of length 3 bits. 

2.3. Parameters for aperiodic SRS transmission

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. 

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

· As a baseline, one bit/codepoint is added to all UL grants for dynamic triggering of UL aperiodic SRS.
For single antenna transmission, we note that it was agreed to use the padding bit to distinguish between contiguous and non-contiguous resource allocation, and hence this bit can not be used to trigger aperiodic SRS.    Since not all uplink bandwidths that can be signaled in the resource assignment field for contiguous bandwidths are valid for uplink transmission, joint coding of the resource allocation and aperiodic SRS trigger can be considered.  For the case with non-contiguous resource allocation, the granularity of the resource allocation can be reduced.

Proposal:

· Consider reducing the resource allocation granularity and employ joint coding of resource allocation and aperiodic SRS trigger for DCI formats size aligned with DCI format 0.
To improve the efficiency in the sense that collisions between multiple UEs can be 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. One example of this, as mentioned during the discussions at the last meeting, is to use the DM RS cyclic shift bits, since this would not increase the DCI format pay load size.

Proposal
· Use the uplink DM RS cyclic shift bits in the DCI , to determine the cyclic shift of the aperiodic SRS. 

It could be argued that the uplink DM RS cyclic shift bits serves other purposes, such as resolving PHICH collisions in case of cross carrier scheduling and ensuring orthogonal demodulation reference signals in certain scenarios. At the same time, it should be noted that SRS collisions can be avoided by not triggering aperiodic SRS from such terminals simultaneously.

A straight forward approach is to configure the aperiodic SRS in the same way as the periodic SRS. The difference between periodic and aperiodic SRS is then that an aperiodic SRS is only transmitted when explicitly dynarnically triggered. Hence, as a baseline, the UE specific parameters for aperiodic SRS then include

· Bandwidth (srs-Bandwidth-ap)

· Hopping bandwidth (srs-HoppingBandwidth-ap)

· Frequency domain position (freqDomainposition-ap)

· SRS configuration index for periodicity and subframe offset (srs-ConfigIndex-ap)
· Transmission comb (transmissionComb-ap)

Having the same set of parameters allows multiplexing periodic and aperiodic SRS in a flexible way.   We also note that for the case that frequency hopping is enabled, (srs-HoppingBandwidth-ap > srs-Bandwidth-ap) the frequency domain position of the aperiodic SRS will be different and depend on subframe in which the aperiodic SRS is transmitted. Another aspect to consider is whether there is a need to configure the parameter srs-ConfigIndex-ap by higher layers or not. One aspect speaking in favor of having it configured is that it increases the opportunities for triggering aperiodic sounding reference signals since the timing between UL grant and SRS transmission is relaxed.  In any case, the value ranges of the parameters can be reduced as compared to the value ranges for periodic SRS.
Proposal
· Periodic and aperiodic transmissions of SRS are configured independently with different UE specific parameters.

· For aperiodic SRS, bandwidth (srs-Bandwidth-ap), hopping bandwidth (srs-HoppingBandwiith-ap), frequency domain position (freqDomainposition-ap), SRS configuration index for periodicity and subframe offset (srs-ConfigIndex-ap) and transmission comb (transmissionComb-ap) are configured by higher layers.
· Consider until RAN1 #63 the value ranges of the higher layer parameters above.
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. Other enhancements for aperiodic SRS

During past meetings, two enhancements to aperiodic SRS transmission have been discussed; the support of durations other than one as well as the possibility to trigger aperiodic SRS transmission with downlink assignments [1]. An additional enhancement that could be considered is the possibility to use dynamically schedule data transmission in resource that would otherwise be reserved on cell level for transmission of SRS. None of these enhancements appear critical at the current stage, since the same functionality can be implemented by requesting multiple SRS transmissions and/or can be added in a later release of the standard.  

Proposal
· Complete the design of single-shot aperiodic SRS transmission triggered by uplink grants before considering other enhancements.
3. Conclusion

Based on the discussion above, the following proposals are made:

· Aperiodic SRS transmission from one, two or four antenna ports is supported. 

· The number of antenna ports from which the UE transmits aperiodic SRS is configured independently of uplink transmission modes by higher layers.

· Different antennas are separated by means of different cyclic shift, and cyclic shifts of different antennas are determined from a single cyclic shift parameter of length 3 bits. 

· As a baseline, one bit/codepoint is added to all UL grant for dynamic triggering of UL aperiodic SRS.
· Consider reducing the resource allocation granularity and employ joint coding of resource allocation and aperiodic SRS trigger for DCI formats size aligned with DCI format 0.
· Periodic and aperiodic transmissions of SRS are configured independently with different UE specific parameters.

· For aperiodic SRS, bandwidth (srs-Bandwidith-ap), hopping bandwidth (srs-HoppingBandwdith-ap), frequency domain position (freqDomainposition-ap), SRS configuration index for periodicity and subframe offset (srs-ConfigIndex-ap) and transmission comb (transmissionComb-ap) are configured by higher layers.
· Consider until RAN1 #63 the value ranges of the higher layer parameters above.
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