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1 Introduction
During RAN1#63bis meeting it has been agreed that [1]:

Agree on the support of triggering with DL grant 1A as baseline working assumption for TDD.

· Only in case format 0 configured for type 1 SRS triggering 
· “0”, No type 1 SRS trigger
· “1”, triggering type 1 SRS by RRC-configured parameters set 5 (as defined in R1-110558)
· UE behavior is same as in case UL DCI format triggering of type 1 SRS
· Could be revisited by next meeting

· The support of 1A for FDD, 2B and 2C for TDD is FFS

· Companies are encourage to investigate further, especially with respect to the following issues

· DCI format size ambiguity

· Collision handling of multiple triggers

· SRS and A/N collision

In this paper we discuss the application of the above agreement and we analyze the FFS points.
2 DL Triggering of A-SRS in FDD Operation
During RAN1#63b in Dublin it was agreed to consider the introduction of DL triggering of SRS, mainly motivated by potential (even though unproven) performance improvements in the DL for TDD operations. There was however no consensus on any potential gain in case of FDD operation.

The main use case of DL triggering of SRS for FDD is the fast acquisition of the UL channel at the beginning of a new transmission sequence. If such UL transmission is characterized by sufficiently small time granularity it is natural to employ Type 0 SRS and/or UL grant triggered A-SRS for accurate channel sounding. On the other hand, if the UL transmission is characterized by large sparsity it is difficult to justify at all the consumption of energy and system resources for SRS. Under such understanding, the usefulness of DL triggered SRS for FDD appears to be limited to optimizing the first few UL transmissions which are anyway typically performed with conservative link adaptation as already observed, e.g., in [2]. 
Considered the limited use case and the lack of any performance result, it is proposed to avoid supporting DL trigger of SRS in FDD in order to simplify specification, implementation and testing.

Proposal

· Do not support triggering of A-SRS for any DL DCI format in FDD operation

3 DL Triggering of A-SRS in TDD Operation
Even though the performance of DL triggering of SRS has not been quantified in RAN1 it appears natural to assume that the relative gains, if any, are expected to appear in the TDD case where SRS can be exploited for DL link adaptation. Nevertheless, there are a number of potential drawbacks associated to DL triggering that need to be taken into account in order to avoid potential deterioration of the performance compared to Rel-8/9 TDD and unnecessary testing, as discussed in the following. 

DL triggering of SRS cannot be supported for DCI formats transmitted in the common search space for backward compatibility towards Rel-8/9. Furthermore, the sizes of DCI formats 0, 1A, 3 and 3A need to be aligned by means of zero-padding even when they are transmitted in the UE-specific search space of PDCCH. It should be remarked that DCI formats 0 and 1A have larger payloads in the TDD case compared to FDD and that support for DL SRS triggering results in further potential increase of the payload size for both such formats, resulting in coverage issues for, e.g., DCI format 0 in TDD. Such a scenario is clearly undesirable and should be limited by allowing the configuration of the DL SRS trigger bit only when it is possibly useful, as explained in the following.

3.1 Transmission Modes and DCI Formats supporting A-SRS Triggering

The main use case for DL triggered SRS is the fast acquisition of the DL channel at the beginning of a bursty DL transmission in TDD. Such channel information is typically employed for DL link adaptation at a later transmission occasion. Clearly, it makes sense to support DL SRS triggering for those Transmission Modes (TMs) that allow adaptive transmission with high spectral efficiency. On the other hand, unnecessary complexity results from supporting DL SRS triggering for TMs that are not able to provide sufficient adaptation flexibility.

TM9 is the natural choice for supporting high spectral efficiency and flexible adaptation in a future-proof fashion. Therefore, it appears reasonable to support A-SRS triggering for DCI Format 1A only when TM9 is enabled. In case the associated performance improvement is shown to be significant, support for A-SRS triggering by DCI format 2C in TM9 might be considered, too.

On the other hand, it is certainly wasteful to support DL SRS triggering for TMs that are tailored for FDD, i.e., TMs 1-6. TM7 and TM8 are respectively limited to 1 and 2 layers transmission and are therefore unable to provide the necessary flexibility in link adaptation that is required to exploit the (in any case unproven) gain from DL SRS triggering. Furthermore, TM9 supports also the same transmission schemes as TM7 and TM8 including Tx Diversity, which may be useful for the initial transmission phase.

Proposal

· By default no SRS triggering bit is present in any DL DCI formats for TDD
· When in TM9, TDD operation and UE-specific search space:

· 1 bit SRS triggering is enabled in DCI format 1A by RRC configuration

· In case of quantified performance improvement support enabling of 1 bit SRS triggering in DCI format 2C by RRC configuration.
4 UL CC Selection for DL Triggering
The behaviour of DL triggering for the multi-carrier case needs to be specified in order to avoid ambiguities with specific carrier configurations.
Arbitrary combinations of DL and UL carriers can be configured for each UE by RRC signaling, provided that each UL CC is associated to a single DL CC by a SIB-2 link. The CIF, if present, indicates which DL CC is associated to a DL DCI format on PDCCH. When the CIF field is not present the DCI format refers to the CC on which PDCCH is transmitted. In case of UL DCI formats the UL CC is indexed by the SIB-2 link associated to the carrier on which PDCCH is transmitted (if CIF is not present in the DCI format) or by the SIB-2 link associated to the DL carrier indicated by CIF. An example is provided in Figure 1.
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Figure 1: CC indication for DL and UL scheduling, with and without cross-carrier scheduling. The CIF, if available, indicates the DL CC indexed by a DCI format. The corresponding UL carrier, if available, is indicated by the SIB-2. The example in the figure refers to a TDD configuration with 3 DL CCs and 2 UL CCs.
The above procedure is followed for indexing the CC on which SRS is triggered by UL DCI formats. However, the UE behaviour in case of DL triggering of SRS is still to be specified.
A natural solution is to reuse a similar behaviour to that already specified for CC selection on PUSCH: the UL CC index is derived from the DL CC indexed by the DL DCI format through the corresponding SIB-2 link. Furthermore, it is necessary to define the UE behaviour in case the SIB-2 link is not defined as, e.g., for CC#2 in Figure 1. An obvious solution is to not support A-SRS transmission when the SIB-2 link is missing for the DL CC indexed by the DL DCI. Such a solution avoids ambiguous trigger cases.
Even though more advanced behaviours for CC indexing in the ambiguous cases are possible, we believe that the above straightforward solution guarantees sufficient functionality while reusing the current PUSCH behaviour.

Proposal

· A-SRS are transmitted on the carrier which is SIB-2 linked to the DL carrier indexed by the DL DCI format.

· A-SRS transmission is not supported in case the SIB-2 link is not defined for the indexed DL CC.
5 Summary
In this contribution the remaining issues for DL triggering of A-SRS have been targeted and the following is thus proposed:

· Do not support triggering of A-SRS for any DL DCI format in FDD operation

· By default no SRS triggering bit is present in any DL DCI formats for TDD

· 1 bit SRS triggering is enabled in DCI format 1A (in TDD operation and UE-specific search space only) by RRC configuration

· Possibly support SRS triggering in DCI format 2B in case of quantified performance improvement
· A-SRS are transmitted on the carrier which is SIB-2 linked to the DL carrier indexed by the DL DCI format.

· A-SRS transmission is not supported in case the SIB-2 link is not defined for the indexed DL CC.
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