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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#60 meeting as below:

Agreements:

· Dynamic aperiodic SRS is supported

· Continue discussion on PDCCH signaling aspects, how to provide aperiodic SRS resources (including for multiple antennas), how to share these resources with ones for periodic SRS, and for the duration of the dynamic SRS transmission (e.g. one-shot, with a timer, semi-persistent until disabled, etc.)
In this contribution, we investigate possible solutions on effective aperiodic SRS transmission in terms of PDCCH signaling, providing aperiodic SRS resource, aperiodic SRS resource sharing with periodic SRS and duration of aperiodic SRS. Also we suggest a scheme on PDCCH signaling which would address those points mentioned.
2. Aperiodic SRS solutions
2.1. Aperiodic one-shot SRS

[image: image11.bmp]
Fig.1 shows an example of aperiodic one-shot SRS within periodic SRS configuration which is configured by RRC. In this case, as shown in the figure, there is collision between periodic SRS and aperiodic SRS resources, and if there is a user who uses the same CS with a user who transmits one-shot SRS, sounding for both of these two could be deteriorated. Beside this collision, there’s another issue to be considered. For example, after the one-shot SRS transmission by user#1 ends, there would be resources which are supposed to be used for the transmission by other users originally under periodic configuration. Without any indication to user#1 to release these resources, they may not be available or allocated to other users. . Thus, to improve the scheduling flexibility and efficient usage of resources for SRS transmission, it would be necessary to have a certain signaling to make the resources for aperiodic SRS available immediately after they are used. 

[image: image2]
Fig.2 shows another example of aperiodic one-shot SRS which does not collide with periodic SRS transmission. However, it still has the same issue regarding the resources usage as mentioned above.
2.2. Aperiodic SRS via DM-RS
[image: image1]
[image: image3]
Fig.3 shows an example of aperiodic SRS via DM-RS without OCC. In [1], this scheme has several advantages, but also has several disadvantages to be addressed. The advantages of this schemes are the increase of the sounding capacity by using unused DM-RS and the improvement of sounding performance by reducing RPF=1. However, the disadvantages are additional PDCCH overhead due to conveying information on PRB allocation and CS, and the increase of inter-cell interference on DM-RS due to sharing the same resources. Also, it should transmit SRS via DM-RS with equal resource allocation constraint, if OCC is not applied.
Besides these disadvantages, it also has the same issue as the one-shot SRS case regarding the usage of resources. For example, in Fig.3, user#1 transmits aperiodic SRS via DM-RS after the first original periodic SRS subframe and user#1 transmits enough sounding channel information before the second periodic SRS subframe. In this case, for the SRS scheduling flexibility and efficient usage of resources, it would be necessary to allocate the second periodic resources to other users.
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[image: image4]Fig.4 shows an example of aperiodic SRS via DM-RS with OCC. OCC could facilitate more efficient usage of DM-RS for SRS. However, if we apply OCC, we would not be able to fully exploit the benefit of sequence/group hopping of the base sequence of DM-RS which is supposed to be changed in every slot. This would require additional schemes to compensate for the loss 
2.3. Burst Aperiodic SRS
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Fig.5 shows an example of burst aperiodic SRS according to periodic SRS configuration [2]. As with those schemes mentioned above, after transmitting burst aperiodic SRS for a given user, there are still resource reallocation issue for scheduling flexibility and efficient usage of SRS resources.

[image: image6]

Fig. 6 shows another example of burst aperiodic SRS which does not collide with periodic SRS configuration. However, this would have the same issue as the example shown in Fig.5.
3. Signaling for aperiodic SRS

To achieve efficient and flexible aperiodic SRS transmission, we need a signaling to a given user, which triggers aperiodic SRS transmission. This signaling should be as swift enough as eNB could control aperiodic SRS dynamically, and also it should be as small sized as eNB could control multiple users simultaneously. Therefore, we support L1 signaling for aperiodic SRS triggering or activating. In this point of view, there could be several signaling schemes for aperiodic SRS transmission.
3.1. New DCI format such as format 0 in Rel.8
SRS overhead reduction can be achieved by using the same approach as in Rel.8 for DL dynamic CQI transmission. Similarly to the “CQI request” in DCI format 0, a 1-bit “aperiodic SRS triggering” can be introduced to request a UE to transmit aperiodic SRS. 
However, it would be difficult to make multiple users transmit aperiodic SRS simultaneously. Because, with this way, if eNB controls multiple users simultaneously, too much of PDCCH resource may have to be allocated, and also only the “aperiodic SRS triggering” would be possible. Besides “aperiodic SRS activation”, if eNB wants to control timing interval of it, another information bits would be needed, whether explicit or implicit.
3.2. New DCI format such as format 3/3A in Rel.8
We can also consider a new DCI format similar to Format 3/3A [3].
3.2.1. 1bit trigger for aperiodic SRS transmission
A new DCI format similar to Format 3A could schedule multiple users simultaneously with using “1 bit aperiodic SRS triggering”. Overhead wise, 1-bit operation seems to be best. However, there may be SRS resource allocation collision problem because the original periodic SRS parameters are semi-statically scheduled via higher layers and would change more slowly than aperiodic SRS.
3.2.2. 2bit indicator for aperiodic SRS transmission
A new DCI format similar to Format 3 could be another solution which can address the overhead and resource collision problem at the same time because Format 3 could transmit 2-bit signaling just as 2-bit power control. For example, if we use 1-bit for triggering aperiodic SRS and 1-bit to suspend periodic SRS transmission, even though we use one more bit, we could prevent aperiodic SRS from colliding with periodic SRS [4]. On the other hand, we could use another 1-bit to give more flexibility to aperiodic SRS operation. How to use 2-bit indicator to schedule or reallocate the resources after aperiodic SRS is done is FFS.
4. Conclusion
In this contribution, we investigate aperiodic SRS schemes and signaling methods. After transmitting aperiodic SRS, the resources which were used for the transmission could be reallocated to another user(s) or to the same user for continuous transmission of aperiodic SRS.
To sum up, we suggest that;
1) to give more flexibility to the aperiodic SRS scheduling, it is desired to have a signaling mechanism to reallocate the resources which are used for aperiodic SRS transmission, whether it’s periodical or aperiodical.
2) how to schedule or reallocate the resources with 2-bit indicator after aperiodic SRS is FFS.
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Fig. � SEQ Fig. \* ARABIC �4� Example of aperiodic SRS via DM-RS with OCC





Fig. � SEQ Fig. \* ARABIC �3� Example of aperiodic SRS via DM-RS without OCC





Fig. � SEQ Fig. \* ARABIC �2� Example of aperiodic SRS out of periodic SRS config.





Fig. � SEQ Fig. \* ARABIC �1� Example of aperiodic one shot SRS within periodic SRS config.





•••











1











1











1











1





Blank or overlap





subframe





DM-RS


For UE#1





UE#5





3





5





Periodic SRS


for UE#1,2,3,4





1





2





3





5





•••





1





2





3





•••





1





2





3





4





5





1





2





3





4





1





2





3





3





3





3





4





1





2





3





5





1





2





3





5





Burst


A-SRS for UE#3





Burst


A-SRS for UE#3





2





1





Periodic SRS


for UE#1,2,3,4





3





3





3





3





Fig. � SEQ Fig. \* ARABIC �5� An example of burst Aperiodic SRS with dependency of periodic SRS config.





Fig. � SEQ Fig. \* ARABIC �6� Another example of burst Aperiodic SRS regardless of periodic SRS config.
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