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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 RAN WG1 meeting in Beijing that triggering is at least by PDCCH UL grants. At the RAN WG1 meeting in Montreal, the following agreements were reached when it comes to aperiodic sounding reference signals:

· One-shot SRS transmission is supported.

· In case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel-8, at least in common search space.
At the last WG1 meeting in Dresden, no progress was made on sounding reference signal transmissions. A way forward was proposed in [7] but not agreed. The way forward more specifically proposed the following:

· 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
In the present contribution these aspects in addition to some other aspects, such as how to support multiple antenna transmission, are discussed. Further, SRS durations other than one-shot duration, resources used for aperiodic SRS, support of triggering with DL assignments, triggering without PUSCH grant as well as support of group triggering are also discussed.

2. Discussion

2.1. Duration of aperiodic sounding reference signal

Currently, single-shot SRS transmission is supported, and other durations are for further discussion. Link level simulations submitted to 3GPP indicate that link level performance can be improved for power limited UEs using wideband sounding if multiple SRS transmissions can be combined [4] 
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[5]. From the existing results, which may be assuming that there is SRS resources in every UL subframe, it is not clear how many transmissions are needed and how the results compare to single antenna port transmission mode.   If too many transmissions are needed, latency and overhead may be too high and the net benefit due to channel decorrelation and UE transmit characteristics may further vanish. Furthermore, the assumption that SRS is available in every UL subframe may be too optimistic.  

The benefits of multi-shot SRS demonstrated in the evaluations come from improvements due of frequency selective scheduling and more accurate precoder selection. To investigate this, an initial basic link level evaluation was done for a 20MHz carrier with wideband sounding using 96PRBs in a typical urban channel with two receive and two transmit antennas and uncorrelated fading..  We assume a PUSCH bandwidth of 4PRB and make the idealized assumption that based on channel estimates; the eNodeB can freely choose the best four consecutive resource blocks in addition to the best precoding vector for rank-1 transmission. Based on the chosen allocation and precoding vector, the actual SNR after precoding and equalization assuming ideal channel and noise estimation is determined. To estimate the performance in terms of throughput, the SNR is mapped to a bit rate. The purpose of this is to assess the benefits for frequency selective scheduling as well as precoding vector determination for SRS duration of two symbols.   

We further assume that the terminal is power limited at an UL SNR of -5dB. The power offset between the PUSCH transmission of bandwidth 4 PRB and the SRS transmission of bandwidth 96 PRB is then 10log10(12) dB at the cell edge, and decreases as the SNR of he PUSCH transmission is increased. To assess the benefit of an aperiodic SRS transmission with a duration of two symbols, we neglect imperfections such as time varying phase offsets, decorrelation due to time variations and transmission power inaccuracy and assume that the SNR of the SRS is increased 3dB meaning that the offset at the cell edge between PUSCH and SRS transmission power is 10log10(6). From the results in Figure 1, we note that the improvement of frequency selective scheduling and precoding vector determination under these idealized assumptions is less than 0.5dB, or less than 10% throughput. It should further be noted that this kind of evaluation does not account in for the impact on link adaptation, nor the impact of PUSCH channel estimation.
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Figure 1: Throughput estimates for different power offsets between PUSCH and SRS. The dotted green curve corresponds to one-shot transmission and the solid blue line corresponds to 3dB improvement.
In practice, an improvement of the SRS SNR smaller than 3dB is anticipated, and even though neither the impact of various imperfections, nor the impact on link adaptation is considered, it does not appear critical to support to an aperiodic SRS duration of two symbols.

Proposal

· Since the need for an aperiodic SRS duration of two transmissions does not appear critical, further evaluations and studies of uses cases of SRS durations other than single-shot needs to be done, targeting for example releases beyond release-10.

We also note that according to current agreements, multiple aperiodic SRS transmissions can anyway be triggered using multiple UL grants.

2.2. Resources used for dynamic aperiodic sounding reference signals

There are proposals to use DMRS symbol for uplink multiple antenna channel sounding [1]. More specifically, it is proposed to multiplex DMRS of sounding UEs with DMRS of UEs transmitting PUSCH with different cyclic shits of the reference signal. As stressed in [2], intra- and inter-cell interference needs to be considered. The simulations in [2] argue that the impact of code multiplexing multiple UEs transmitting DMRS has negligible impact on the DM RS SINR, the analysis suggests that even in the case that there are four UEs in each cell transmitting DMRS (one UE transmitting PUSCH and three co-scheduled UE transmitting SRS for sounding), the degradation is less than 1dB for the case with a four UEs. However, this estimate of the impact appears very small, especially in light of system level evaluation results in [3] , where co-scheduling of  two UEs in an almost interference limited case reduces the SINR of  around 3dB as compared to the single UE case. Co-scheduling of four users in a cell reduces the SINR further. It should also be stressed that the reference point is not necessarily the case with 100% utilization in all cells, but rather the case with a fraction of the resource being used. In such a case using DMRS for sounding will limit the SNR achievable, and hence the relative degradation will be even larger. There is also a need to consider also scenarios where not all users use rank-1 transmission.

Based on this, we recommend that the inter and intra-cell interference impacts are studied further. Another aspect to consider is the overhead for triggering the DMRS transmission, especially for the case that the UE is not granted any resources on PUSCH. Yet another aspect is the scheduling constraints arising from the need to maintain orthogonality between DMRS of different UEs in a cell. Yet a third aspect to consider is the case with simultaneous transmission of SRS and PUCCH, which renders the use of DMRS a bit more challenging as compared to using Rel-8 resource for which there is an existing framework to deal with collisions. Finally, using DMRS for sounding appears to be more related to the possibility of granting uplink transmissions with zero payload and no PUSCH and could be discussed in the context of PUSCH transmission.

Proposal
· Rel-8 cell specific SRS resources are used for aperiodic sounding reference signal transmission.

· The use of DMRS for aperiodic sounding is discussed in the context of PUSCH transmission.

It should be noted that with Rel-8, sounding capacity can be increased quite significantly with sounding in every uplink subframe, and a natural question is whether the amount of resources for sounding needs to be increased further beyond this limit. To avoid reserving SRS resources statically, one could consider reserving SRS resources dynamically on a cell level, something that would be possible in a rel-10 context. For example, dynamic signaling could allow the terminal to use cell specific SRS resources for data transmission.

2.3. Triggering of dynamic aperiodic sounding reference signals

It has been agreed that aperiodic SRS transmissions can be triggered with UL grants, and there are discussions whether triggering with DL assignments should be allowed. It is obvious that there is a strong relation between having UL data to schedule and needing SRS transmissions. To request aperiodic SRS in UL grants when data transmissions are anyway scheduled is therefore natural and gives virtually no extra PDCCH signaling overhead. 

One argument brought forward in the TDD context is that the occasions at which aperiodic SRS transmission can be triggered can be limited for the case with DL heavy asymmetries. At the same time, the occasions where PUSCH transmissions can be granted appears to be just as limited, and since it is in general difficult to predict in advance when SRS are needed, the value of triggering with DL assignments to support UL MIMO transmission needs further justification. The increase in flexibility that triggering with DL assignments can offer can also be improved by allowing a flexible timing between the subframe in which the triggering the grant is sent in, and the SRS occasion in which the aperiodic SRS is transmitted in. More specifically, this could be formulated as

· An aperiodic SRS transmission triggered in subframe n will  take place in subframe n+k, where k is the smallest integer such that  k>3 and the UE is configured with an aperiodic SRS resource by higher layers.

It is a reasonable assumption that resources for aperiodic sounding reference signals are not configured in every uplink subframe. Assuming that aperiodic SRS can be transmitted every N uplink subframe; the transmission can in principle be triggered from up to N different downlink subframes. This leads to the following proposal

Proposal

· A UE with an aperiodic SRS resource every N subframes shall in subframe n transmit an aperiodic SRS if at least one PDCCH with DCI requesting an aperiodic SRS transmission has been detected in any downlink subframe k with n-N-4 < k < n-3.

In our view, another important application of dynamic aperiodic SRS is for reciprocity based DL beamforming. When using SRS for channel reciprocity reasons, it may for similar reasons as for the UL data case be argued that it is natural thing to request aperiodic SRS in DL assignments. This is however not strictly necessary since UL grants are typically used also in this case. Firstly, UL grants are used to request aperiodic CQI and aperiodic SRS can then be requested in the same grants. Secondly, there may be data to schedule in the UL at the same time as there is data in the DL. One example of such a traffic scenario is file downloading via TCP when TCP ACK/NACKs are transmitted in the UL. Since triggering of aperiodic SRS with DL assignments appears mostly related to DL beamforming, the possibility to trigger aperiodic SRS should be considered in the context of DL transmission modes. At the same time, in case of DL beamforming, there appears to also be a need for aperiodic CQI reporting which triggering of an SRS with a DL assignment does not solve. It is furthermore not obvious that the same UE specific parameters or SRS resources should be used for the DL beamforming application. In fact, one can envision having different parameters for aperiodic SRS triggered by UL grants and DL assignments respectively. When it comes to PDCCH overhead, it is further not obvious that the same configuration and flexibility in configuration applies for uplink and downlink transmission respectively.

Proposal

· The benefits of triggering aperiodic SRS with downlink assignments should be considered in the context of downlink transmission.

Due to the overhead, the strong correlation between data and need for sounding in uplink, and the difficulty to predict the need for sounding before data transmission, we do currently not see any strong need to support triggering without any PUSCH grant. The analysis in [6] further supports this.

When it comes to group based triggering with a new DCI format similar to 3/3A, the benefits of such an approach is a bit unclear in light of the fact that multiple UEs associated with the same RNTI need to have a need for sounding at the same time. 

2.4. 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. 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.
In case DCI format 0 is re-used, one can consider using the padding bit or the frequency hopping bit, but a clearer alternative is to define new DCI formats with an explicit field for aperiodic SRS request. Furthermore, it is recommended to progress the design of the uplink transmission modes and associated DCI formats before making the decision on which DCI formats that shall have the possibility for aperiodic SRS transmission.

Proposal

· Progress on the definition of uplink transmission modes keeping the need for aperiodic SRS triggering in mind before deciding which DCI formats that can trigger aperiodic SRS transmission.
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.

Proposal
· Use the uplink DM RS cyclic shift bits in DCI format 0, to determine the cyclic shift of the aperiodic SRS 

When it comes to other UE specific parameters such as bandwidth, frequency domain position, frequency domain comb, frequency hopping and so on, they are semi-statically configured in a similar manner as the parameters for periodic sounding reference signals. In fact, since there can be different use cases for periodic and aperiodic sounding reference signals, remaining parameters should be independently configured by higher layers. For example, periodic sounding may be used to support downlink reciprocity based beamforming whereas aperiodic SRS may be used for uplink multiple antenna transmission. 

Proposal
· Periodic and aperiodic transmissions of SRS are configured independently with different UE specific parameters.

· For aperiodic SRS, transmission comb, starting physical resource, configuration index, bandwidth and hopping bandwidth can be configured by higher layers.

· Aperiodic and periodic SRS transmission is configured independently from uplink and downlink transmission modes.

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 rather.

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.

2.5. 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. This since the need for additional flexibility is not obvious. 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, and to minimize the interference between different antennas, the cyclic shifts are chosen so as to obtain the largest possible separation. 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 from one, two and four antenna ports is supported. 

· The cyclic shifts of different antennas are determined from a single cyclic shift parameter of length 3 bits so that cyclic shift separation of four and two applies for the case with sounding from two and four antenna ports respectively.

· The number of antenna ports for aperiodic sounding is configured independently of the uplink transmission modes.

3. Conclusion

Based on the discussion above, we make the following proposals.

· Since the need for an aperiodic SRS duration of two transmissions does not appear critical, further evaluations and studies of uses cases of SRS durations other than single-shot needs to be done, targeting for example releases beyond release-10.

· Rel-8 cell specific SRS resources are used for aperiodic sounding reference signal transmission.

- The use of DMRS for aperiodic sounding is discussed in the context of PUSCH transmission.

· A UE with an aperiodic SRS resource every N subframes shall in subframe n transmit an aperiodic SRS if at least one PDCCH with DCI requesting an aperiodic SRS transmission has been detected in any downlink subframe k with n-N-4 < k < n-3.

· The benefits of triggering aperiodic SRS with downlink assignments should be considered in the context of downlink transmission.

· At most one bit/codepoint is added to the UL grant for dynamic triggering of UL aperiodic SRS.
· Use the uplink DM RS cyclic shift bits in DCI format 0, to determine the cyclic shift of the aperiodic SRS 

· Periodic and aperiodic transmissions of SRS are configured independently with different UE specific parameters.

· For aperiodic SRS, transmission comb, starting physical resource, configuration index, bandwidth and hopping bandwidth can be configured by higher layers.

· Aperiodic and periodic SRS transmission is configured independently from uplink and downlink transmission modes.

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

· Sounding from one, two and four antenna ports is supported. 

· The cyclic shifts of different antennas are determined from a single cyclic shift parameter of length 3 bits so that cyclic shift separation of four and two applies for the case with sounding from two and four antenna ports respectively.

· The number of antenna ports for aperiodic sounding is configured independently of the uplink transmission modes.
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