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1 Introduction
In RAN1#61, it was agreed for aperiodic SRS that:

· One-shot SRS transmission is supported.
· 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
In the RAN1#62 meeting, the dynamic aperiodic SRS in Rel-10 was further discussed and more agreements have been agreed [1]. 
However, there are still some remaining issues including the detailed signaling for aperiodic SRS need to be further discussed. In this contribution, we further provide our views on the remaining issues of aperiodic SRS.
2 Discussion
In RAN1 #60, to alleviate SRS resource shortage in LTE-A due to the support of SU-MIMO, it was decided that dynamic aperiodic sounding is supported expecting such additional SRS scheduling flexibility can optimize the SRS resource utilization. Intuitively, the introducing of dynamic aperiodic sounding can optimize the usage of SRS resource by dynamically triggering them only when necessary. However, how to perform efficient aperiodic SRS to achieve this target is not clear yet, which is highly related to the signalling design and resource sharing. Hereinafter, we further provide our views on the detailed signalling of aperiodic SRS.

2.1 Resource sharing
It has been agreed that Rel-8 (time/frequency/code) SRS resources are re-used for aperiodic sounding in RAN1#62. Then the following are natural: 
· Aperiodic SRS can fully share the existing sounding resources or be separately reserved. How to allocate/balance resources between aperiodic SRS and periodic SRS should be left for implementation, i.e. scheduler is responsible for collision avoidance, both TDM manner and Non-TDM manner can be used.
· Multiple UEs can dynamically share the same resources for aperiodic sounding.
· UE specific periodic SRS parameters should be shared as much as possible. E.g. same UE specific SRS bandwidth for both aperiodic and periodic SRS.
As stated in [2], additional resources can be introduced for aperiodic SRS by Comb/CS extension, piggybacking on unused DMRS, Puncturing granted PUSCH symbol etc., which can further address the problem of SRS shortage due to MIMO but need much standard effort. Considering time for R10 is quite limited and it seems R10 does not cry for new resources for sounding assuming a small number of MIMO UEs, we propose that new resource for aperiodic SRS is not considered in R10 time frame. 
Proposal 1: multiplexing aperiodic and periodic SRS within R8 SRS resource is up to eNB implementation and new resource of aperiodic SRS is not considered in R10 time frame.

2.2 Signalling for aperiodic SRS
Basically, dynamic sounding trades off Rel-8/9 sounding overhead with PDCCH signaling overhead for efficient management of the existing R8 sounding resources. More PDCCH signaling overhead, more efficient but more impact to PDCCH design and performance. So SRS utilization efficiency boils down to L1 signaling flexibility of aperiodic SRS resource allocation.  
There are several ways to trigger the aperiodic SRS for single CC: 
a) Triggering by DL grant
One of outstanding issues remained for aperiodic SRS is whether triggering by DL grant is allowed. In our opinion, it is not necessary to tie the aperiodic SRS triggering only with UL grant, especially for TDD. There are some use cases for DL grant to carry SRS activation signaling, such as reducing the latency of aperiodic SRS triggering, providing scheduling information before PUSCH transmission and using SRS for DL channel state information etc. On the other hand, adding “aperiodic SRS activation” IE in the UL grant can also result in payload increase in the corresponding DL grant (DCI format 1A) to avoid extra blind decoding operations. So dynamic aperiodic SRS triggering via DL grant can be supported. In addition, as stated in [2], if aperiodic SRS can be triggered by both UL grant and DL assignment, the necessity of group triggering is questionable and should be investigated further.
Proposal 2: Dynamic aperiodic SRS triggering by DL DCI format 1A is supportive. And the number of states for triggering in DL grant should be same as that in the corresponding UL grant.
b) Triggering by dedicated PDCCH

If aperiodic SRS triggering by both DL and UL grant is supported, it is not necessary to allow triggering SRS via a dedicated PDCCH without PUSCH grant. Likewise, there is no clear need to support group triggering by dedicated PDCCH. Triggering without PUSCH will cause additional overhead, lead to unnecessary resource waste and increase the PDCCH blocking probability. Furthermore, periodic SRS can be used to complement aperiodic SRS if there is neither uplink traffic nor downlink traffic. In addition, though simultaneous triggering of a group of UEs via a new DCI similar to format 3/3A can be considered to minimize the PDCCH overhead, it is uncertain 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.
Proposal 3: If aperiodic SRS triggering by both DL and UL grant is supported, there is no need to support aperiodic SRS triggering via dedicated PDCCH, i.e. no PUSCH/PDSCH grant.
c) Triggering one shot aperiodic SRS by UL grant for single port transmission
UL grant in common search space and in UE specific search space should be considered separately. To support triggering by UL grant in common search space, some information fields should be re-interpreted, which may has impact to those indications more or less. As the support of aperiodic SRS transmission is due to the introduction of SU-MIMO in LTE-A, it is straightforward to mainly use aperiodic SRS for MIMO UE for the purpose of precoding refinement, frequency selective scheduling and AMC. So there is no clear need to optimize this case. 

Proposal 4: There is no need to support aperiodic SRS triggering by UL grant in common search space. For aperiodic SRS triggering by UL grant for single port transmission in UE specific search space, one new bit is added with the following interpretation:
· One state: aperiodic SRS is not triggered

· Another state: aperiodic SRS transmission is triggered to be transmitted on the RRC configured resource according to the commencing time agreed. 
d) Triggering one shot aperiodic SRS by UL grant for MIMO transmission
As proposed in [2][3], to perform efficient SRS management and improve SRS resource utilization, dynamic flexibility of aperiodic SRS transmission locations, CS and/or bandwidths are crucial and desirable. The simple and efficient way is that multiple aperiodic SRS resources are configured to a certain UE via RRC signalling and the “Activation/triggering bits” can activate one of the configured resources, which is similar to ACK/NACK resource allocation for SPS, then dynamic flexibility of comb, CS, frequency location and/or bandwidth can be achieved.  Considering the BW and/or location table defined for R8, introducing 2-4 new bits overhead are sufficient. In addition, as mentioned above, the motivation of aperiodic SRS is to alleviate the shortage of SRS resources due to SU-MIMO in R10, so it is natural to frequently trigger the aperiodic SRS for SU-MIMO UE. The DCI for SU-MIMO is a brand new DCI and the design is not finalized, accordingly adding 2-4 bits in that DCI is not a big issue and has no impact to backward compatibility and blind decoding. It was agreed in RAN1#62 that one of {2, 4, 18} states should be decided. Considering the concern on PDCCH overhead, a compromised way is to introduce 2 new bits for aperiodic SRS triggering in UL grant for MIMO transmission, i.e. 4 states for triggering. 

Regarding simultaneous aperiodic SRS transmissions for multiple UL antennas in case of MIMO, it was agreed that both CS and comb can be used for multiplexing different antennas and further discussion is needed to try to narrow down a sole way. In reality, UE specific SRS bandwidths in two combs are usually different, e.g. UE with largest SRS BW are multiplexed on comb 1, while UE with modest/small bandwidth are multiplexed on comb 2. So it is not suitable to multiplex SRS from different antennas via comb, otherwise great complexity/restriction is imposed to eNB scheduler. In addition, it is straightforward to tie the simultaneous aperiodic SRS transmissions for multiple UL antennas with the configuration of UL MIMO mode.
Proposal 5: The SRS multiplexing from different antennas are solely CDM via CS configurations. The other antennas’ CSs are implicitly derived from the CS of antenna port 0. And simultaneous aperiodic antennas SRS transmission mode can be tied with the configuration of UL MIMO transmission mode.
Proposal 6: 2 new bits for aperiodic SRS triggering should be introduced in UL grant for MIMO transmission with the following interpretation
· One state: aperiodic SRS is not triggered
· Other three states: aperiodic SRS transmission is triggered to be transmitted on the RRC configured resource according to the commencing time agreed. Each state corresponds to one of the three RRC configured SRS resource.
e) Triggering one shot aperiodic SRS by UL grant for MIMO transmission
In [4], the details of triggering of dynamic aperiodic SRS in the case of multiple UL CCs were discussed and it was proposed that in principle it should be possible to trigger aperiodic SRS on multiple UL CCs without having to send multiple UL grants. However, it seems no clear need to trigger aperiodic SRS for multiple CC using one UL grant considering the following:
· The periodic SRS on each configured CCs, given that SRS should be transmitted to give eNB information for CC activation/deactivation, is sufficient to provide such information. So there is no clear need to trigger aperiodic SRS on the configured but deactivated CC.
· In activated CCs, every CC has own grants, the aperiodic SRS can be triggered by those grants on a need basis.
·  Aperiodic SRS can be used in conjunction with periodic SRS. It is not essential to trigger aperiodic SRS to satisfy the need of long-term channel estimation, e.g. tracking the CC state only. The aperiodic SRS should be used only in case of traffic transmission, in particular, UL MIMO transmission.
Proposal 7: In case of multiple CCs, it should be the baseline that aperiodic SRS on each CC is triggered by each CC’s own UL/DL grant respectively. The use case of trigger aperiodic SRS on multiple UL CCs with one UL grant should be identified firstly before going to the details.
3 Conclusion
In this contribution, we further provide our views on the remaining issues of aperiodic SRS. Our proposals are summarized below: 
Proposal 1: multiplexing aperiodic and periodic SRS within R8 SRS resource is up to eNB implementation and new resource of aperiodic SRS is not considered in R10 time frame.
Proposal 2: Dynamic aperiodic SRS triggering by DL DCI format 1A is supportive. And the number of states for aperiodic SRS triggering in DL grant should be same as that in the corresponding UL grant.

Proposal 3: If aperiodic SRS triggering by both DL and UL grant is supported, there is no need to support aperiodic SRS triggering via dedicated PDCCH, i.e. no PUSCH/PDSCH grant.
Proposal 4: There is no need to support aperiodic SRS triggering by UL grant in common search space. For aperiodic SRS triggering by UL grant for single port transmission in UE specific search space, one new bit is added with the following interpretation:

· One state: aperiodic SRS is not triggered

· Another state: aperiodic SRS transmission is triggered to be transmitted on the RRC configured resource according to the commencing time agreed. 
Proposal 5: The SRS multiplexing from different antennas are solely CDM via CS configurations. The other antennas’ CSs are implicitly derived from the CS of antenna port 0. And simultaneous aperiodic antennas SRS transmission mode can be tied with the configuration of UL MIMO transmission mode.
Proposal 6: 2 new bits for aperiodic SRS triggering should be introduced in UL grant for MIMO transmission with the following interpretation:
· One state: aperiodic SRS is not triggered
· Other three states: aperiodic SRS transmission is triggered to be transmitted on the RRC configured resource according to the commencing time agreed. Each state corresponds to one of the three RRC configured SRS resource.

Proposal 7: In case of multiple CCs, it should be the baseline that aperiodic SRS on each CC is triggered by each CC’s own UL/DL grant respectively. The use case of trigger aperiodic SRS on multiple UL CCs with one UL grant should be identified firstly before going to the details.
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