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1.
Introduction
This contribution deals with the remaining open issues related to dynamic aperiodic sounding. The topic has been discussed quite extensively in the last few RAN1 meetings as well as in the RAN1e-mail reflector. After RAN1#61 the e-mail discussion rapporteur raised the following questions in the reflector:
a.         Support of other SRS durations

b.         Resources used for aperiodic SRS

c.         Support of aperiodic triggering by DL grant

d.         In case of UL triggering, whether to allow triggering without PUSCH grant

e.         Support of group triggering

In the RAN1 meeting #62 a Way Forward document on the point b. was agreed: 

· Rel-8 (time/frequency/code) SRS resources are re-used for aperiodic sounding

· Cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding

· Aperiodic sounding using Rel-8 SRS resources is transmitted in cell-specific SRS subframes

· UE-specific SRS configuration parameters such as SRS bandwidth, starting position, transmission comb, and cyclic shift could be different between periodic and aperiodic sounding

· A UE shall commence aperiodic SRS transmission in subframe n+k (k(4) upon detection of a positive SRS request in subframe n

In this contribution we share our view on these topics and discuss also some other related issues.

2. Discussion
a. Need for other SRS durations
In our view the timer based aperiodic SRS and the triggering with DL grant are optimization aiming for minimized PDCCH overhead in the cases when an UL grant is not otherwise necessary (i.e. when no UL data or Aperiodic CQI is scheduled to the 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. From the signalling flexibility as well as standardization and system complexity point of view our preference would be not to allow timer-based aperiodic dynamic SRS if triggering with DL grant is supported. 
Proposal: Assuming triggering with DL assignment is supported there is no need to support other SRS durations than “1”
b. Support of aperiodic triggering by DL grant
As discussed in the point a., both timer-based dynamic aperiodic SRS and triggering via DL assignment aim for minimizing the PDCCH overhead due to SRS triggering. 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. In our view it is sufficient to allow for triggering via DL assignment. If that is allowed, there is no clear need for timer based SRS solutions.  
Proposal: Triggering via DL grant can be supported unless it imposes significant standardization effort
c. Required number of states in PDCCH grant for aperiodic SRS triggering

With sufficient flexibility in SRS triggering opportunities, we do not see any need to have a large number of  states for aperiodic SRS triggering in PDCCH grant. On the contrary, we see it as unnecessary flexibility optimization at the cost of further increased PDCCH overhead. Thus we propose that  2 states / 1bit is reserved in PDCCH grant for aperiodic SRS triggering both in single-antenna port and multi-antenna port transmissions.

Proposal: In PDCCH grant, 2 states are reserved for aperiodic SRS triggering 

d. In case of UL triggering, whether to allow triggering without PUSCH grant 
We do not see a need to preclude triggering SRS without PUSCH grant (i.e. grant for simultaneous data and/or aperiodic CQI transmission). Triggering without UL grant does not complicate the UL design and operation in any significant way. 
Furthermore, we propose to allow triggering aperiodic SRS on multiple UL CCs without having CIF in PDCCH configured. This can be supported e.g., by special interpretation of “CQI-only on PUSCH ” –grant with aperiodic SRS flag set to 1. In such case New data indicator included in PUSCH grant is used as a switch between “SRS only” -grant and “CQI-only on PUSCH + aperiodic SRS” –grant. If “SRS only”-grant is indicated, appropriate codepoints of RA field could then contain information about the UL CC in which the SRS relates to.
Proposal: UL triggering is allowed regardless of whether there exists an UL grant of not
Proposal: Allow triggering aperiodic SRS on multiple UL CCs without having CIF in PDCCH configured
e. Support of group triggering 
If further optimization of PDCCH overhead is deemed as necessary, it makes sense to consider a possibility of supporting group triggering with a DCI format derived from the ones used for power control command signalling. It is, however, crucial to keep in mind the related standardization impact as well as the UE complexity (blind decoding etc.)
Proposal: Group triggering should be considered as a way to decrease PDCCH overhead 
f. Multi-antenna SRS 
Details of multi-antenna SRS transmission need to be agreed for both aperiodic and periodic SRS. We see that multiplexing SRS transmissions from all configured antenna ports into one SC-FDMA symbol of the same subframe (with same bandwidth and frequency position) as a reasonable approach from the viewpoints of both channel estimation and SRS resource configuration. We also see cyclic shifts as primary multiplexing methods. However, it is not clear if limiting multiplexing options only to cyclic shifts, i.e., excluding RPF comb, will also limit in some conditions the obtainable channel estimation accuracy for 4 Tx antenna UEs
Proposal: SRS transmissions from all configured SRS antenna ports are transmitted in one SC-FDMA symbol of the same subframe. For 2 and 4 antenna ports, cyclic shifts is the used multiplexing method. FFS if additionally a combination of cyclic shifts and RPF comb needs to be supported for 4 antenna ports.
3. Summary and conclusions
This contribution deals with potential channel details of aperiodic sounding enhancements discussed in e-mail reflector. We propose the following concrete proposals:
Proposal: Assuming triggering with DL assignment is supported there is no need to support other SRS durations than “1”
Proposal: Triggering via DL grant can be supported unless it imposes significant standardization effort
Proposal: In PDCCH grant, 2 states are reserved for aperiodic SRS triggering 
Proposal: UL triggering is allowed regardless of whether there exists an UL grant of not

Proposal: Allow triggering aperiodic SRS on multiple UL CCs without having CIF in PDCCH configured
Proposal: Group triggering should be considered as a way to decrease PDCCH overhead 

Proposal: SRS transmissions from all configured SRS antenna ports are transmitted in one SC-FDMA symbol of the same subframe. For 2 and 4 antenna ports, cyclic shifts is the used multiplexing method. FFS if additionally a combination of cyclic shifts and RPF comb needs to be supported for 4 antenna ports.
