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1.
Introduction
There still remain some details on aperiodic SRS open, although progress on several issues was achieved in previous RAN1#63bis meeting [1]. In this contribution, we discuss the remaining open issues related to aperiodic SRS transmission in LTE Release 10 and share our view on these topics.

2. Discussion
Aperiodic SRS triggering by DL assignment vs. timer based aperiodic SRS
Both timer-based aperiodic SRS and triggering via DL assignment aim for minimizing the PDCCH overhead due to SRS triggering. Both methods can reduce PDCCH overhead when an UL grant is not otherwise necessary (i.e. when no UL data or aperiodic CQI is scheduled to the UE) but there is need to trigger aperiodic SRS. Additionally, triggering via DL assignment considerably increases the number of opportunities to trigger aperiodic SRS. To reduce overall SRS overhead, aperiodic SRS resources are configured to multiple UEs, which in turn leads to occasional blocking of aperiodic SRS (i.e. aperiodic SRS cannot be triggered from all desired UEs). The impact of this is effectively alleviated by increasing the number of triggering opportunities per UE. 

It is not quite clear if this optimization needs to be taken into very extreme by allowing for both triggering with DL assignment and timer based SRS. In our view there is little need for supporting both mechanisms. On other hand,  triggering with DL DCI 1A assignment was agreed as baseline working assumption for TDD in RAN1#63bis meeting [1]. As SRS triggering with DL grant is already supported in TDD, our preference would be not to allow timer-based aperiodic SRS from the signalling flexibility as well as standardization and system complexity point of view. Instead, sufficient optimization can be achieved by allowing for triggering via DL DCI1A assignment also in FDD.

Proposal 1: 
Triggering via DL DCI 1A assignment is extended also for FDD. 
Proposal 2: 
There is no need to support other SRS durations than “1”.

Support for SRS hopping

The concept of SRS hopping with dynamic aperiodic SRS was briefly discussed in RAN1#62bis. In our view it can be expected that many of the Rel-10 UEs will not be configured to transmit periodic SRS due to overhead reasons. The primary motivation for the introduction of aperiodic SRS is the improved capacity / interference reduction of SRS resources. When considering SRS hopping, the same benefits and the use cases exist as in the case of no hopping. Therefore it would be logical to provide the same tools for SRS transmission with aperiodic SRS that are in place with periodic SRS.  Hence, for consistency we propose to support SRS hopping also with dynamic aperiodic SRS.

The SRS hopping mechanism itself should be as simple as possible. In our view it is sufficient just to have similar mechanism for SRS hopping configuration (RRC configured pattern) as in Rel-8 and let the aperiodic SRS trigger “sample” the pattern. This would minimize the related standardization effort.

Proposal 3: 
SRS hopping is supported with an RRC configured hopping pattern that the aperiodic trigger samples.

Multiple aperiodic SRS trigger handling

As aperiodic SRS transmission timing is restricted to UE-specific aperiodic SRS frames, UE can receive multiple PDCCH grants containing SRS request field that are linked to the same UE-specific SRS frame. In fact, this is quite common situation and as discussed in [3], [4], [5] UE behaviour in such situation should be clarified. 

In [4], it was proposed that SRS transmission is dropped if UE receives inconsistent SRS instructions. In [3], it was proposed that UE follows the last received SRS instructions, thus, allowing for eNB to cancel already scheduled SRS transmission at the very last moment. 

Depending on the outcome of RAN1 discussions, it is possible that DCI 1A, DCI 0 and DCI 4 can trigger aperiodic SRS with different configurations [6]. On other hand, it is highly desirable that aperiodic SRS triggering does not cause any unnecessary restrictions to eNB scheduler on the use of DCI formats. As an example, let’s assume that eNB triggers SRS with DCI 4. It is important that eNB can use freely DCI 1A and DCI 0 in the following subframes, without cancelling the already scheduled SRS transmission. In other words, it should be possible to set SRS request field to such value that already scheduled SRS transmission is not dropped. Negative SRS request is a logical choice for such value. Hence we propose to modification to Huawei’s proposal in  [4] to allow for free use of different DCI formats containing SRS request field:   

From the eNodeB point of view it is an unlikely scheduler implementation that a positive SRS trigger would first be transmitted indicating a given set of parameters to be used in the upcoming SRS subframe, but in another later subframe the decision would be overruled (i.e. another set of SRS parameter or cancellation of the aperiodic SRS transmission).  Furthermore, such functionality would complicate things when considering e.g. cases when the UE misses the DL assignment or the UL grant with the SRS trigger.
Therefore we think that the cleanest way is to agree that multiple positive aperiodic SRS triggers with different contents can be considered as an error case from the UE point of view, and in such case the UE behaviour is left unspecified. We also note that for robust system operation (considering e.g. missed DCI grants) it makes sense to set the Aperiodic SRS trigger bit(s) to the same value in all the grants of the same type following the first positive SRS trigger until the transmission of the aperiodic SRS takes place. However, it may not be need to specify this, but to leave it up to the eNodeB implementation. Instead, it is sufficient to specify that:
Proposal 4: 
When a UE receives a positive aperiodic SRS trigger, it may ignore the subsequent aperiodic SRS triggers referring to the same UE specific Aperiodic SRS subframe.
3. Summary and conclusions
This contribution deals with remaining open details of aperiodic SRS. We make the following concrete proposals and observations:
Proposal 1: 
Triggering via DL DCI 1A assignment is extended also for FDD. 
Proposal 2: 
There is no need to support other SRS durations than “1”.

Proposal 3: 
SRS hopping is supported with an RRC configured hopping pattern that the aperiodic trigger samples.

Proposal 4: 
When a UE receives a positive aperiodic SRS trigger, it may ignore the subsequent aperiodic SRS triggers referring to the same UE specific Aperiodic SRS subframe.
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