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1. Introduction
Aperiodic triggering via UL grants had been agreed as baseline for aperiodic SRS. Aperiodic triggering via DL grants was also discussed in previous meetings for better flexibility. In RAN1#63 meeting, some agreements on SRS triggering were reached as follows:
· 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) 
· For DCI format 4 

· 2 bits are added for SRS triggering and parameter
· A-SRS trigger of 2 bits is always present in DCI format 4

· For format 0 triggered A-SRS transmission, all A-SRS parameters are configured by RRC, and no dynamic signalling of A-SRS parameters
Whether to support DL triggered aperiodic SRS is still open. In this contribution, we discuss the motivation and details of SRS triggering via DL assignments.
2. Discussion

2.1. Motivation of DL triggering
Dynamic aperiodic scheduling via DL assignments was proposed in [1] by many companies in the RAN1#62bis meeting. We also specified the benefits of DL triggering in [2] from the aspects of UL transmission and DL transmission. In this section, we further consider the necessity to introduce DL triggering.
On one hand, in Rel-10 aperiodic SRS will play an important role for UL transmission, while periodic SRS may provide complementary assist with lower transmission frequency and smaller bandwidth. From this perspective, more opportunities for SRS triggering are clearly beneficial to UL transmission, though how many benefits can it provide is still unclear. At least in views of frequency-selective scheduling and sounding latency [2], DL triggering can be a good complement to UL triggering. Especially when hopping is supported for aperiodic SRS without multi-shot, multiple continuous aperiodic triggers will be necessary to obtain the wideband SRS. If only triggering in UL grants is available, the triggering opportunities which are tied to PUSCH scheduling will be hard to ensure. Then sounding in some BWs may be lost, while the sounding latency between two BWs is likely to be very large. These can all be well avoided by allowing triggering in DL grants. In a word, DL triggering can help to achieve the function of multi-shot SRS with only one-shot SRS if multi-shot is not supported in Rel-10.
Obversation1: DL triggering is beneficial to UL transmission at least in the aspects of scheduling, sounding latency and hopping/multi-shot support of aperiodic SRS.

On the other hand, DL triggering can provide more sounding opportunities for BS to obtain downlink CSI via channel reciprocity. For Rel-10 UEs, TM7 and TM8 without PMI feedback should also be supported at least in TDD system. The performance of the two transmission modes greatly lies on SRS transmission capability, e.g. sounding latency and the number of SRS ports. If there is only infrequent data scheduling as well as periodic SRS with large latency or few ports in uplink, the DL transmission performance will be significantly degraded without enough aperiodic triggering. While it is an uncertain way to trigger aperiodic SRS together with aperiodic CQI request, SRS can be triggered via the grants for corresponding DL modes. Similarly, DL CoMP also needs more aperiodic SRS for coordination scheduling among multiple points, and only UL triggering seems not enough for that. In addition, considering dual layers beamforming is optional for FDD UEs, and some companies argued the necessity of DL triggering in FDD system, this type of triggering can be an optional UE capability for FDD UEs. 
Obversation2: DL triggering is beneficial to DL transmission at least when TM7 or TM8 without PMI feedback or CoMP transmission is configured for R10 UEs.
2.2. Triggering signaling and UE procedure
Considering DL triggering is only a complementary mechanism for UL triggering, the resource allocated for UL triggered SRS can be directly reused for DL triggered SRS. In this case, only one activation bit is needed in corresponding DL grant, and the scheduling and standardization can be simplified. Concretely, DL triggering can reuse the resource signaled by latest UL grant with SRS triggering information, or simply adopt the higher layer configuration for format 0 triggered SRS. For example, if DL triggering follows a DCI format 4 with SRS request, the SRS configuration state indicated in the UL grant can be used for the DL triggered SRS; otherwise, default configuration from higher layer signaling will be used.

In addition, considering that the use of DL triggering is prior for DL transmission, which usually occupies different BWs from UL transmission, separate parameters configuration can also be considered. Separate parameters for DL triggered SRS via higher layer signaling will not lead to significant signaling overhead. If two bits are allowed for DL triggering, the same dynamic configuration mechanism as that in DCI format 4 can be reused. Regarding backward compatibility, this type of configuration is more suitable for new DCI format in R10, e.g. format 2C for DL 8x8 MIMO.
To summarize, the following signaling and configuration mechanism can be considered for DL-triggered SRS. Different DL DCI formats can adopt the same or different types of signaling and configuration according to application scenarios and specification impact.
· Method1:  Reusing the configuration for DCI format 0 triggered SRS with one bit for DL triggering.
· Method2:  Reusing the configuration for latest UL-grant triggered SRS with one bit for DL triggering.
· Method3: One set of separate RRC-configured parameters with one bit for DL triggering.
· Method4: The same configuration mechanism as format 4 triggered SRS with two bits for DL triggering. The three sets of RRC-configuration parameters can be reused or reset.
Proposal: One or two bits can be introduced for SRS triggering in DL DCI formats.
Proposal: DL triggering can reuse the configuration for UL-triggered SRS or use separate resources with configuration Method 1-4.
To minimize the impact on current Rel-8/Rel-9 specification, the DL DCI formats used for DL-triggering also needs careful study. Since a triggering bit had been allowed in DCI format 0, one padding bit should be added to DCI format 1A if configured, which can also be used for aperiodic triggering. With only one triggering bit, configuration Method1 or Method 3 above can be considered for SRS triggering in DCI format 1A. Additional triggering bit(s) in DCI format 2C like that in DCI format 4 is also acceptable in specification. For sake of specification, if only one bit is used for triggering in DCI format 2C, then the triggered SRS can adopt the same configuration as that for DCI format 1A. For more flexible configuration, two bits can be introduced in DCI format 2C using Method4 with the same or different sets of RRC-configuration parameters from DCI format 4. Considering the deadline for specification, at least DL triggering via DCI formats 1A and 2C should be supported.
Furthermore, to provide more benefits to reciprocity based DL transmission, aperiodic triggering in DCI format 1/2B for TM7/8 can also be considered. When sounding with small latency in required antenna ports is hard to obtain via triggering in UL grants only, e.g. in the cases of asymmetrical UL/DL transmission, DL triggering in corresponding DCI formats will be a good solution. For backward compatibility, SRS triggering in these DCI formats can be higher-layer configurable for R10 UEs and optional for FDD UEs.
Proposal: At least triggering via DCI format 1A/2C in USS should be supported.
· The higher layer signaling for aperiodic triggering in DCI format 0 can also be effective for format 1A.
· Triggering in DCI format 1/2B can also be considered for reciprocity based DL transmission.

· Higher layer signaling can be introduced to activate triggering the two DCI formats.
As pointed out in section 2.1, SRS triggering via DL grants is beneficial to both PUSCH and PDSCH transmission. It is narrow-mind to restrict DL-triggered SRS only for reciprocity based DL transmission. From implementation point of view, DL-triggering is only an approach for aperiodic triggering which is equivalent to UL-triggering in function. Therefore, if an UE detects a positive SRS request from PDCCH, the same UE procedure can be implemented no matter which link the PDCCH grant is signaled for (e.g. hopping or multi-shot SRS if supported). This will also simplify the specification of aperiodic SRS.
Proposal: The same transmission mechanism as UL-triggered aperiodic SRS is used for Dl assignment triggered aperiodic SRS, including timing mechanism and UE procedure.
2.3. Other issues on DL triggering
It had been shown in [2] that PDCCH decodings performance will not be an issue for triggering aperiodic SRS in DL DCI format. In this section, we further discuss some other correlated issues on DL triggering.
For UL triggered SRS, the power control command of SRS can be signaled via the “TPC command” field in corresponding UL grant. But for DL triggered SRS, it is not possible to send similar TPC command in DL grant. To solve this issue without additional specification effort, the power control mechanism of periodic SRS can be adopted for DL-triggering. The power of DL-triggered SRS can be controlled according to command in the latest UL grant, using the same TPC signaling as periodic SRS. 
Some companies also argued that DL assignment triggering would increase the possibility of collision with PUCCH. Noting that the parameter Simultaneous-AN-and-SRS is cell-specific and effective for all SRS, once it is enabled, no collision will happen. When it is disabled, SRS may be overlapped by PUCCH. Clearly, the possibility of collision with PUCCH is not correlated to how the SRS is triggered but the cell-specific SRS resources, since all the aperiodic SRS are restricted in these resources. Similarly, if DL triggering reuses the configuration and transmission mechanism of UL triggering, for which the resources are UE-specific and separate from other signals, the possibility of collision with periodic SRS and other aperiodic SRS will also be similar to that of UL triggering.
Proposal: Issues of power control and collision with other signals can be solved by following the mechanism and configuration of periodic SRS or UL triggered SRS.
3. Conclusions

In this contribution, we analyzed the necessity and details of DL triggering for aperiodic SRS. DL triggering is not only beneficial to UL transmission in the aspects of scheduling, sounding latency and hopping/multi-shot support of one-shot SRS, but also beneficial to DL transmission when TM7 or TM8 without PMI feedback is configured for R10 UEs. Flexible SRS transmission will also be very useful to CoMP transmission in future standardization. Furthermore, the specification impact of DL triggering can be minimized by tiny signaling overhead in parts of DL DCI formats and reusing the transmission mechanism of UL triggering. Therefore, we propose that:
· Aperiodic triggering via DL grants should be supported with one or two bits in the DCI message.
· At least triggering via DCI format 1A/2C in USS should be supported.
· The higher layer signaling for aperiodic triggering in DCI format 0 can also be used for DCI format 1A.

· Triggering in DCI format 1/2B can also be considered for reciprocity based DL transmission.

· Higher layer signaling can be introduced for activating triggering in the two DCI formats.
· For FDD UEs, DL triggering can be an optional UE capability.
· The same transmission mechanism as UL-triggered aperiodic SRS is used for DL-triggered aperiodic SRS, including the same timing mechanism and UE procedure.
· DL triggering can reuse the configuration for UL-triggered SRS or use separate resources with proposed configuration Method 1-4.
· If two bits are configured for triggering, the same signaling mechanism as in DCI format 4 can be adopted.
· The same dynamic TPC command as periodic SRS can be used.
· PDCCH detection and collision with other signals will not be problems.
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