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1. Introduction
RAN1 has reached agreement on the support of aperiodic SRS for more effective SRS transmission at the last RAN1 #62 meeting as below:

Agreement:

· 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

And also we leave remaining issues for one-shot SRS using UL-grant as below:

Remaining issues for one-shot aperiodic SRS using UL grant:

· Support of multi-antenna port SRS 
· SRS for all the configured transmit antenna ports should be transmitted within one SC-OFDM symbol of the same subframe. 
· Both CS and Comb could be used for multiplexing different antennas
· Further discussion needed to see if we can narrow down the configuration parameters
· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports
· Detailed signaling for aperiodic SRS for the single CC case, assuming UL data is scheduling

· Number of states needed in the PDCCH grant for triggering/configuration

· DCI format for single-port transmission:  {2,4,10}states

· DCI format for MIMO transmission: {2, 4, 18}states

· More discussion needed to decide on one set of states

· Potential list of the parameters to be configured: CS, Comb,  BW position, Transmission BW, hopping

· Partitioning of configuration parameters between RRC and PDCCH grant

· FFS
In this contribution, we propose a ‘holding scheme’ for the aperiodic one-shot SRS transmission and a signaling method, which is used to hold the other users’ periodic SRS transmissions configured by cell-specific SRS parameters. An eNB could allocate a given user those empty resources which become available by holding the periodic transmissions of other users. We analyze how effective this scheme would be by simulations and present the results.
2. Wide-band one-shot Aperiodic SRS & Holding Scheme

[image: image1]
For the wide-band one-shot SRS transmission, to facilitate the allocation of available empty resources, we suggest the ‘holding scheme’, which would hold or suspend the other users’ periodic SRS transmissions configured by cell-specific SRS parameters. Because the triggering for aperiodic SRS is dynamic and the transmission original periodic SRS transmission is semi-static, if we do not send any signaling we could not avoid the collision between resource of periodic SRS of one UE and resource of aperiodic SRS of another UE. With this ‘holding’, in the point of long term average throughput, the overall cell performance would not be affected since the aperiodic SRS would be transmitted in a certain subframe only when it is needed. In section 4, simulations show cell-throughput comparison results from the aperiodic one-shot SRS with ‘holding scheme’ and from the aperiodic multiple-shot SRS.

In addition, this scheme still has an issue for legacy impact, because legacy users do not understand ‘holding scheme’ while their SRS transmission is on. However, eNB could manage this problem and moreover, even if there are some legacy users located in subframe which aperiodic wide-band one-shot SRS is transmitted on, the impact would be trivial.
3. Signaling Aspect
As described in section 2, there could be significant collisions between the aperiodic SRS and the periodic SRS if we don’t have any signaling which would prevent that collision. In [2], Fig.1 shows the examples of possible collisions on one-shot SRS scheme.
To avoid this collision, we could transmit ‘holding indicator’ by UL grant or group signaling.
3.1. One-shot aperiodic SRS with holding signaling using UL Grant
As mentioned in section 1, we could use number of states in the PDCCH grant for triggering/configuration as an implicit signaling. If we should use only 2 states, we simply add a bit to PDCCH and use that added bit for aperiodic SRS triggering. However, we may also be able to use higher states to configure aperiodic SRS parameters by PDCCH signaling, and for this purpose, we could reuse RA field for configuration of aperiodic SRS transmission.
For example, if a user receives PDCCH grant which contains a different range of RA field (5050 ~ 8190 code points), it could recognize that this PDCCH grant includes aperiodic SRS information, and could try to decode other fields which may not directly related to UL grant information (such as FH field, aperiodic CQI field, etc.) to obtain necessary information on the aperiodic SRS. After secured necessary information on the aperiodic SRS, the user holds a specific location within the whole band, which is indicated through RA field (5050~8190 code points). In this point of view, we could reuse a part of fields in PDCCH grant which does not directly related with transmitting aperiodic SRS as a ‘holding indicator’.
However, in this case, PDCCH overhead could be substantially increased because every user who wants to transmit aperiodic SRS should receive the PDCCH grant format which does not include UL grant information. That could bring increase of PDCCH overhead.
3.2. One-shot aperiodic SRS with group holding signaling 

Different from using DL grant as described in 3.1, we could send ‘holding indicator’ to multiple users at the same time so that PDCCH overhead and blind decoding would not increase.
In [3], using a new DCI format similar to PDCCH format 3A signaled via common search space is already mentioned. With this format, an eNB could control multiple users simultaneously in one DCI format effectively since this format could support up to 32/16 users [4]. Simply, we could reuse a DCI format such as DCI format 3/3A for the signaling of ‘holding indicator’. If this format is used, an eNB could send simultaneously a ‘holding indicator’ bit(s) to multiple users.
However, in this case, besides the one for triggering aperiodic SRS transmission, we would need one more signaling format for group de-triggering, which would take the similar format as format 3/3A.
Therefore, we propose that triggering and configuring aperiodic SRS transmission should be done at the same time by group signaling through new DCI format similar to PDCCH format 3/3A. We could trigger aperiodic SRS transmission on a user through allocating specific index and also configure de-triggering of periodic SRS transmission of the other users among 16 or 32 users (e.g. allocating index 0 for triggering aperiodic SRS user and the other index for de-triggering the other periodic SRS user who’s BW is collided with aperiodic SRS user’s BW). Then, we would need only one new signaling format for triggering aperiodic SRS transmission and configuration for de-triggering of periodic SRS transmission of the other users who have been transmitting periodic SRS at the assigned resources which would collide with aperiodic SRS transmission resource.
4. Conclusion
In this contribution, we present the aperiodic one-shot SRS transmission with ‘holding scheme’ and a signaling method for it.

We compare UL grant scheme with group signaling scheme for aperiodic SRS transmission triggering and de-triggering of periodic SRS transmission. We propose that triggering and configuring aperiodic SRS transmission should be done at the same time by group signaling through new DCI format similar to PDCCH format 3/3A. In this manner, we could trigger aperiodic SRS transmission on a user among 16 or 32 users, depending on the format, and also configure de-triggering of periodic SRS transmission on the other users.
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Fig.1 Example of the aperiodic one shot SRS with ‘holding’ periodic SRS
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