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1. Introduction
Aperiodic triggering via UL grants was agreed as baseline for aperiodic SRS. For better flexibility, aperiodic triggering via other approaches was not excluded in previous meetings. In RAN1 #61 meeting, some agreements about SRS triggering were reached as follows:
· In case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel8 at least in common search space

· Continue email discussion until RAN1#61bis
· Support of aperiodic triggering by DL grant?

· In case of UL triggering, allow triggering without PUSCH grant?

· Support of group triggering
In this contribution, we further discuss the possible approaches for aperiodic triggering of SRS in LTE-A.
2. Discussion

2.1. Triggering of aperiodic SRS
In our view, an important motivation to introduce aperiodic SRS is to reduce the overhead of periodic SRS. If aperiodic SRS can be scheduled dynamically and flexibly, the transmission of periodic SRS can be greatly reduced, and even single port SRS or long-periodic antenna-specific SRS is enough for periodic SRS in most scenarios. In this case, the SRS resources in LTE-A will be more sufficient even without additional enhancement. For this purpose, the flexibility of aperiodic SRS should be ensured as much as possible in scheduling and resource configuration, also taking specification impact into count. Hereinto, aperiodic triggering can be an important approach.
SRS triggering via UL grant, which was agreed in RAN1 #60bis, is a straightforward way for scheduling aperiodic SRS. From the view of scheduling, one triggering IE in DCI message is sufficient enough. For full flexibility, triggering should be allowed at least via the UL grants in USS for R10 UEs. In this case, if format 0 is reused in USS, extended size relative to that in R8 should be considered for triggering bit. 

The PDCCH overhead is hard to accept if a specific UL grant is introduced for SRS triggering and/or SRS resources configuration, especially when there are considerable requests for aperiodic SRS. Instead, simultaneous triggering of a group of UEs via a new DCI similar to format 3/3A can be considered to minimize the PDCCH overhead. However, it is uncertain that how many UEs in a semi-static UE-group need to send aperiodic SRS at one time, which results in the uncertain efficiency with this type of triggering.
Another choice for aperiodic triggering is DL grant, which will be discussed below.

2.2. Aperiodic SRS triggering via DL grant
Motivation of DL triggering

Dynamic aperiodic scheduling via DL assignments was proposed in contribution [1-3].  In our view, it is beneficial for aperiodic triggering at least in the following aspects:
· It provides the capability of frequency-selective scheduling and accurate PMI/CQI for the first transmission(s) or sporadic transmission(s), which is unavailable via UL triggering. In LTE R8, frequency-selective scheduling is useless. But for UL MIMO transmission, especially for spatial multiplexing, accurate scheduling and PMI/CQI indication will provide additional performance gain. It is useful in many application scenarios with sporadic UL transmission when short-delay periodic SRS is unavailable.
· This type of triggering can reduce the delay of aperiodic SRS. As results shown in [4], UL MIMO transmission with spatial multiplexing is more sensitive to sounding accuracy than SIMO transmission in Rel-8. If the SRS delay gets smaller, the performance can be improved. With only UL triggering, the SRS delay is hard to ensure because the PUSCH scheduling is difficult to match the resource for aperiodic SRS, in case SRS resource is configured via higher layer signaling. A particular example is shown in figure 1, in which the aperiodic SRS is transmitted 12ms after triggering.
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Figure 1: An example of triggering and transmission of aperiodic SRS
· It can provide more chance for DL transmission to exploit SRS, for example, to acquire downlink CSI/CQI via channel reciprocity. It is beneficial not only for DL beamforming, but also for DL CoMP transmission.
Impact on PDCCH detection

In this section, we study the impact on performance of PDCCH decodings with additional triggering bit(s) for different DL formats. In figure 2-3, the BLER performance with different PDCCH payloads for different aggregation levels is simulated. It is shown that with aggregation level of 2/4/8, negligible impact is introduced by triggering bit(s). Even with aggregation level of one, the performance loss for PDCCH decodings is also insignificant. Therefore, we don’t think PDCCH decodings will be an issue to aperiodic triggering via DL formats.
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Figure 2 BLER performance of different DL formats with additional triggering bit(s)
(Left: aggregation level=1 Right: aggregation level=2)
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Figure 3 BLER performance of different DL formats with additional triggering bit(s)

(Left: aggregation level=4 Right: aggregation level=8)
DL formats for SRS triggering
Concerning implementation of DL triggering, we provide two candidates to be considered:
Alt1: Triggering bit(s) in parts of DL formats 
To minimize the impact of triggering on current R8/R9 DCI format, the triggering bit can only be introduced in some of the DL formats. If aperiodic triggering is introduced in DCI format 0, the same triggering in format 1A will be a straightforward idea. Additional one triggering bit in the new format(s) for DL 8x8 transmission in R10 (e.g. DCI format 4) will also have little impact on standardization. Furthermore, to provide more benefits to DL beamforming, aperiodic triggering in format 1/2B can also be considered. In this case, new DCI sizes with extended bit(s) should be defined in R10 for format 1/1A/2B with additional complexity in standardization and testing. However, it is worthwhile because this type of triggering can bring significant benefits to both UL and DL transmission as mentioned before.
Alt2: Triggering bits in all UL/DL formats
Alt2 can provide the most flexibility for SRS triggering. As the introduction of CIF bits had been agreed for R10 UEs in UL and DL CA, additional one IE in each UL and DL grant will not bring additional blind decodings and significantly increase PDCCH blocking probability. However, as all the DCI formats in R8/9 should be redefined in R10 even without crossing-carrier scheduling, the effort on standardization will be a little great.
Considering standardization complexity and scheduling flexibility, we recommend Alt1 to be baseline and Alt2 can also be considered.
3. Conclusions
In this contribution, we analyze the triggering of aperiodic SRS, and provide our views that:
· Aperiodic triggering should be allowed at least in all the UL grants in USS for R10 UEs.
· Triggering via UL grant without PUSCH scheduling, including SRS-specific grant, is not needed.
· Triggering of a group of UEs via PDCCH is FFS.
· Dynamic aperiodic triggering via DL grant should be supported with one bit in the DCI message.
· Concretely, at least triggering via DCI format 1/1A/2B/4 (new DCI format 4 for DL 8x8 transmission in R10) should be considered.
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5. Appendix
Table 1: Simulation assumptions
	Parameter
 
	Assumption 

	Antenna configuration 
	2x2

	Bandwidth 
	5M

	Channel model 
	EPA

	Antenna correlation
	Low

	Receiver 
	MMSE

	UE mobile speed 
	3km/h

	CCE aggregation level
	1/2/4/8
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