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1. Introduction

At the RAN1#62 meeting, it was agreed to use the Rel. 8 SRS resource for aperiodic SRS transmission. Meanwhile, issues regarding triggering mechanisms for aperiodic SRS still remain for further discussion. In this contribution, details regarding signaling for aperiodic SRS triggering are discussed.
2. Signaling Scheme for Aperiodic SRS
Regarding the signaling scheme of aperiodic SRS, we discuss the following points that require clarification in order to apply dynamic aperiodic SRS in Rel. 10. 
· Number of bits required for aperiodic SRS trigger and resource allocation via PDCCH
· Configuration of SRS parameters via RRC and PDCCH
2.1. Number of Bits Required for Aperiodic SRS Trigger and Resource Allocation Via PDCCH
There are two alternatives for aperiodic SRS triggering via the PDCCH.
· 1-bit indicator for aperiodic SRS triggering [1], [2]
· N (N > 1)-bit indicator for aperiodic SRS triggering and resource allocation [3]
In the former case, a single SRS resource (a set of UE-specific SRS parameters) is configured by RRC signaling, and a 1-bit indicator on the PDCCH triggers the aperiodic SRS on the resource. On the other hand, in the latter case, multiple SRS resources are configured using RRC signaling and a multi-bit indicator on the PDCCH triggers the aperiodic SRS in one of the SRS resources.
Here, the key point to determine the number of bits is whether or not the amount of SRS resources reserved for aperiodic SRS is sufficient considering an UL multi-antenna transmission that needs more resources, e.g., twice for two Tx antennas. From our system level simulation results described in the Appendix, a short aperiodic SRS interval, e.g., less than 10 msec, is required to utilize the scheduling gain even for UL multi-antenna transmissions. The results indicate that there can be a potential lack of SRS resources, considering the simultaneous connection of a large number of multiple antenna UEs. In such a case, a single SRS resource will be shared by multiple UEs as shown in Fig. 1, and then there would be possible collisions among UEs if aperiodic SRSs are simultaneously triggered for multiple UEs sharing a single SRS resource. Therefore, to achieve flexible resource allocation, an N (N > 1)-bit indicator is preferred.
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Figure 1 – Potential problem facing aperiodic SRS resource assignment

We evaluated the collision probability of SRS resources when employing 1-bit and 2-bit indicators in order to clarify the effect of employing the N-bit indicator. For the sake of simplicity, we assume that 12 SRS resources are available per subframe and a single SRS resource is configured to two UEs using RRC signaling, considering that Rel. 10 UEs have twice as many antennas as Rel. 8 single antenna UEs. In the evaluation, UEs that transmit an aperiodic SRS are randomly selected from a total of 24 UEs. Here, for the 1-bit indicator case, a collision of the SRS resources occurs if any one of the sets of two UEs that are allocated to the same SRS resource is selected simultaneously. Meanwhile, for the 2-bit indicator case, a collision occurs if any one of the selected UEs cannot avoid a collision with the other selected UEs even when allowing for the predefined set of three SRS resource options. The evaluation results of the collision probability are shown in Fig. 2. In the evaluation, the number of UEs that simultaneously transmit the aperiodic SRS is parameterized. The figure shows that the collision probability is significantly reduced by employing the 2-bit indicator compared to the 1-bit indicator case. We should also note that the collision probability can be reduced further when a 3-bit indicator is employed. Therefore, N = 2 or 3-bit indicator is preferred as the aperiodic SRS trigger.
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Figure 2 – Collision probability

Proposal 1:  N (N = 2 or 3)-bit indicator is supported for aperiodic SRS trigger and resource allocation via the PDCCH.
2.2. Configuration of SRS Parameters Via RRC and PDCCH

Potential list of parameters indicated by the PDCCH
As configurable SRS parameters for triggering, the following parameters are considered. 
· Cyclic shift (CS)
Each SU-MIMO UE is configured by RRC signaling multiple CS values for each antenna, and the N-bit indicator on the PDCCH indicates one of the configured CS values. If RAN1 decides CS is used for multiplexing SRS of different antennas, the PDCCH indication of CS values in aperiodic SRS triggering will be useful in the case of a small number of Tx antennas, e.g., two Tx antennas.
· Comb

The N-bit indicator on the PDCCH indicates one of two combs. If RAN1 decides the CS value is used for multiplexing SRS of different antennas (instead of a comb), the PDCCH indication of the comb in aperiodic SRS triggering will also be useful in the case that the comb is not used for multiplexing different SRS bandwidths.
· BW position

Each SU-MIMO UE is configured by RRC signaling multiple BW positions, and the N-bit indicator on the PDCCH represents one of the configured BW positions. The BW position can be employed as a triggered parameter only for the UEs that use narrowband SRS.
Partitioning of configuration parameters between RRC and PDCCH grant

As discussed in Sec 2.1, an N-bit indicator should be employed as aperiodic SRS triggering via the PDCCH for flexible resource allocation. However, the trade-off between the flexibility of SRS resource allocation and the signaling overhead should also be considered. Two alternatives are considered that achieve a reasonable trade-off.
· Alt. 1: RRC signaling indicates the default SRS configuration, then the PDCCH indicates the offset of CS and/or comb following a predetermined rule.
· Alt. 2: RRC signaling indicates multiple SRS configurations, then the PDCCH indicates one of the configurations.
Table 1 – Signaling mapping table examples for Alt .1 (Left) and Alt. 2 (Right)
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Alt. 1 achieves a lower RRC signaling overhead, whereas Alt. 2 provides more flexibility in the SRS resource configuration. Thus, if the RRS signaling overhead is not an issue, Alt. 2 is preferred.
3. DCI Format Used for Aperiodic SRS Triggering
Another important issue is which DCI format should be used for aperiodic SRS triggering. The following alternatives for the DCI format can be considered in order to support the aperiodic SRS triggering.
· New DCI format for UL MIMO 

Since our main motivation for introducing aperiodic SRS is flexible SRS resource allocation for UL SU-MIMO, a new DCI format for UL SU-MIMO is a good candidate to support aperiodic triggering of multiple antenna SRS with the N-bit indicator.
· DCI format 0 
In addition to the new DCI format for UL SU-MIMO, DCI format 0 may provide additional opportunities for aperiodic SRS triggering. However, it seems that there is no available bit/codepoint in DCI format 0 with the PUSCH grant. Hence, adding bit(s) will be necessary if aperiodic SRS triggering is to be supported using DCI format 0. Furthermore, it may be necessary to determine whether or not the additional bit(s) are semi-statically configured. 
· Dedicated grant for SRS [4], [5], [6]
Dedicated aperiodic SRS grant (without PUSCH grant) may be effective in terms of increasing the SRS resource allocation flexibility and in providing more triggering opportunities. However, the increase in the PDCCH overhead is a concern.
· DCI format for DL grant [1], [7], [8]
Similar to DCI format 0, although more triggering opportunities may be provided by this scheme, the necessity for aperiodic SRS triggering by the DL grant is not clear, at least in FDD. Then, adding bit(s) may also be required.

Among the above DCI formats, we prefer to use a new DCI format for UL SU-MIMO for the aperiodic SRS triggering with an N-bit indicator. On the other hand, it is not clear that aperiodic SRS triggering with the DL grant and DCI format 0 is worth increasing the existing DCI formats size at least in Rel. 10.
Proposal 2:  Use new DCI format for UL SU-MIMO to support the aperiodic SRS triggering with an N-bit indicator.
4. Conclusion

This contribution discussed the details regarding the signaling for aperiodic SRS. Our conclusion is as follows.
Proposal 1: N (N = 2 or 3)-bit indicator is required for aperiodic SRS trigger and resource allocation via the PDCCH.
· Examples of signaling mapping table are given in Table 1
Proposal 2: Use new DCI format for UL SU-MIMO to support the aperiodic SRS triggering with an N-bit indicator.
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Appendix
We evaluate the cell throughput and cell-edge user throughput (defined as 5% CDF value) in two scenarios as follows (details are also described in contribution R1-104937).
(1) Wideband SRS only

(2) Wideband SRS plus precoded DMRS

Table A1 gives the details regarding the simulation assumptions. Note that the adaptive SRS bandwidth, where the maximum bandwidth satisfies the UE power headroom is selected from the bandwidths of 48, 24, 12, and 4 PRBs. Frequency hopping is applied when the SRS bandwidth of 48 PRBs is not selected. When DMRS resources are used as in (2), channel quality information for each PRB used for scheduling, AMC, and PMI selection at the eNB is partially updated in addition to the full update using the wideband SRS. In the evaluation, the transmission interval for wideband SRS, which could be interpreted as the density of aperiodic SRS triggering, is parameterized. 
Table A1 – Simulation Parameters
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Figures A1(a) and A1(b) show the cell throughput and the cell-edge user throughput performance in 1-by-2 and 2-by-2 antenna configurations. The figures show that cell throughput and cell-edge user throughput performance degrade as the transmission interval, i.e., density of aperiodic SRS triggering for the wideband SRS becomes sparse. The performance degradation is severe when only a wideband SRS is employed. Furthermore, the performance degradation due to the long absence of the aperiodic SRS becomes more severe in the 2-by-2 antenna configuration compared to that for the 1-by-2 antenna configuration case. Therefore, a shorter aperiodic SRS interval is more essential in a multi-antenna transmission situation.
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Figure A1 – Performance for each SRS scheme
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