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1 Introduction
This contribution and [1] share our considerations for dynamic aperiodic sounding. They extend the discussion on the e-mail reflector where the topics were:
· Triggering of multiple-shot SRS
· Triggering of aperiodic SRS by DL assignment
· Resources used for aperiodic SRS
· Support of empty uplink grant
· Group triggering of aperiodic SRS
This paper focuses on triggering mechanism of dynamic aperiodic sounding. Sounding resources and related issues are addressed in [1].
2 Triggering mechanism of dynamic aperiodic SRS
Design for aperiodic SRS triggering mechanism can be categorized into:

· Option 1: configures and activates aperiodic SRS transmission via PDCCH.
· Option 2: configures aperiodic SRS transmission mainly via higher layer signalling and conveys only limited information such as activation bit in PDCCH.

Option 1 allows full sounding flexibility and can fulfil diverse sounding requirements. On the other hand, it may need a dedicated PDCCH for configuration and triggering (e.g. empty uplink grant), so the overhead issue needs to be considered. Further analysis is provided in section 2.2.
Option 2 keeps the PDCCH overhead low, the triggering bits can be piggybacked to one data scheduling PDCCH, for instance, DL assignment and UL grant. Group triggering may also be considered as a type of option 2. For option 2, the flexibility is constrained as most of the configurations are predefined. To enhance the flexibility, one may consider including more bits in PDCCH for triggering and configuration [4], however, if SRS transmission is not triggered, these bits may be wasted. 
One way to enhance sounding flexibility while keeping the overhead low is to define multiple independent sets of configuration parameters for aperiodic sounding. Each set is similar to periodic sounding configuration (hopping pattern, bandwidth, etc), although the sounding allocation is not periodic. If sounding resources corresponding to different configurations do not appear in the same subframe, eNB can choose the desired configuration by triggering in the corresponding subframe and no additional overhead is needed. An example is shown in Figure 1(a), where two sets of configurations with different bandwidths are defined for one UE. So eNB can trigger a UE to perform wideband sounding in an odd subframe or subband sounding in one or several even subframes. 
Another configuration, as shown in Figure 1(b), allows the predefined resources to be located at non-contiguous subbands. Compared to one set of configuration parameters, which only allows contiguous resource setting, more frequency selectivity can be obtained. 
Note that one may schedule PUSCH transmission on band-edge non-active CQI PRBs to avoid severe interference to adjacent channels [2]
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[3] as shown in Figure 2. In this case, PUCCH region locates between PUSCH regions. Therefore configurations with non-contiguous subbands can also avoid the PUCCH regions.
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(a) Wideband sounding + subband sounding
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(b)  Non-contiguous SRS resource configuration

Figure 1 Multiple configurations for aperiodic SRS for one UE
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Figure 2 Reuse of non-active PUCCH CQI RBs for PUSCH transmission
Therefore it is proposed that:

· In case that option 2 is accepted, only 1 activation bit is included for triggering by PDCCH.

· Multiple sets of UE specific parameters for aperiodic sounding are predefined to enhance scheduling flexibility.
2.1 Triggering of aperiodic SRS by DL assignment
Allowing triggering of aperiodic SRS by DL assignment would create more triggering opportunities and smaller delay than only allowing triggering of aperiodic SRS by UL grant. For DL transmissions that utilize short-term channel reciprocity, such as beamforming, PDSCH transmission quality is highly related to sounding performance. In these transmission modes, triggering of aperiodic sounding by DL assignment is beneficial when there is only infrequent UL transmission. 
For instance, as demonstrated in Figure 3, for DL/UL configuration 5 in TDD, there is only 1 UL subframe in each radio frame, which implies much less UL traffic than DL traffic. Therefore the opportunities to trigger aperiodic sounding are limited if only UL grant triggering is possible.

Also, if the UE has no data to be transmitted in PUSCH, the eNB is forced to schedule an aperiodic CQI report and trigger an aperiodic sounding simultaneously. It then becomes obvious that if aperiodic sounding is constantly needed, the control signalling overhead and PUSCH consumptions becomes significant.  For these reasons, triggering aperiodic sounding also via DL assignment may be beneficial. 
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Figure 3 DL/UL configuration 5 in TDD
The improved triggering flexibility may also benefit PUSCH transmissions due to possibilities for better measurements and thus link adaptation. However, as UL grants are regularly transmitted, to what extent the improved triggering flexibility will be utilized and what is the corresponding improvement of PUSCH transmission quality needs further study.

Since the triggering in DL grant implies additional control overhead, we suggest that it should only be supported for transmission modes 7 and 8 with DCI format 1a, 1 and 2b.
2.2 Triggering by empty UL grant

Triggering using an “empty” UL grant (i.e. the normal UL grant but which does not result in a PUSCH transmission) is useful when there is no data to send on uplink at the exact time when sounding is needed. It is also beneficial for triggering aperiodic sounding to initialize link adaptation before uplink scheduling, especially for UEs with bursty uplink traffic. Furthermore, triggering using an empty UL grant also allows triggering aperiodic sounding in component carriers for which there is no accurate channel information at the eNB without having to schedule a data transmission. 
Therefore it is suggested that triggering by empty UL grant is supported. Indicating an “empty” UL grant can be done without additional overhead by using unused code points (such as unused states in the PMI table or using the transport block (TB) disabling).
2.3 Group triggering

For group triggering, which is a type of empty UL grant, a new PDCCH format similar to format 3/3a would be introduced for triggering aperiodic SRS simultaneously for a group of UEs. Group triggering increases triggering flexibility, as it is not tied with either UL or DL data transmission. However, it brings non-negligible PDCCH overhead. Also, similar to using DL grant for triggering, how the increased triggering flexibility improves transmission quality needs further study.

Another issue of group triggering in case of carrier aggregation is similar to cross-CC power control. For each UE, the aperiodic SRS triggering command intended for a UL CC may be sent on a DL CC, which may be different from the DL CC paired with the intended UL CC due to cross-CC scheduling operation. Therefore similar approaches as cross-CC power control would also need to be considered for group triggering.
Hence, group triggering is FFS.
2.4 Single-shot or multiple-shot per trigger
In Rel.10, periodic SRS and aperiodic SRS can be jointly used for better sounding resource management. For periodic SRS transmission, as Rel-8 configuration already provides support for dual antenna sounding by antenna switching, it is natural to apply similar procedure to support antenna switching for four antenna ports sounding. Any enhancement beyond the baseline approach should demonstrate convincing performance gain and/or resource management efficiency.
For aperiodic sounding, in RAN1 #61 meeting, it was agreed that triggering a single-shot SRS transmission is supported and multiple-shot SRS from a single trigger is FFS. 
Multiple-shot SRS transmissions from a single trigger is beneficial when each SRS transmission is rather narrow in bandwidth (e.g. due to UE power constraints) and multiple SRS transmissions is needed to cover a larger frequency region. The resulting wider sounding bandwidth will then enable frequency dependent scheduling. Alternatively, multiple-shot SRS transmissions over the same frequency region can increase the received SINR at the eNB and hence improve the sounding quality which is important for cell edge UEs. If multi-shot SRS is used over the same frequency it is desirable that it occurs in a time period smaller than the coherence time of the channel to provide a reliable channel estimate.
The multiple-shot SRS reduces control signalling overhead significantly compared to single-shot SRS. Besides that, if it is accepted to allow only UL/DL grant that schedule PUSCH/PDSCH transmission for triggering a SRS transmission (i.e. no “empty” grants), then the opportunities for triggering multiple single-shot SRS are further reduced. 
The drawback of multiple-shot SRS is the need for more complicated sounding resource management. However, we believe that the advantages are convincing and multiple-shot SRS should be supported, mainly to limit the signalling overhead.

One may also consider dynamic selection of one-shot and multiple-shot SRS transmission to obtain more flexibility. To avoid increasing PDCCH overhead, the approach demonstrated in Figure 1 can be considered. For example, eNB can activate single-shot SRS by triggering in odd subframes and activate multiple-shot SRS by triggering in even subframes.
3 Conclusions
In this contribution, we analyzed the triggering aspects of aperiodic SRS. It is proposed that, if aperiodic SRS transmission is mainly configured via higher layer signalling, then:

· Only 1 activation bit is included for triggering by PDCCH.
· Multiple sets of UE specific parameters for aperiodic sounding are predefined to enhance scheduling flexibility.
In addition we propose:
· Triggering a multiple-shot SRS from a single trigger is supported.
· Triggering by empty UL grant is supported.
· Triggering by DL assignment may be supported. If it is supported, it should be limited to transmission modes 7 and 8 with DCI formats 1a, 1 and 2b.
· Support of group triggering needs further study. 
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