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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 and #60b meetings as below:

Agreements from RAN1 #60:

· 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.)
Agreements from RAN1 #60b:

· In case of aperiodic sounding, triggering is at least by PDCCH UL grants

· FFS how many bits / code points in the DCI message are used (i.e. including whether a PUSCH grant is given at the same time). 

· Triggering in DL assignment is FFS

· Details of what is triggered are FFS

In this contribution, we try to refocus ourselves on the purposes and the reasons for the adoption of aperiodic SRS, and from this point of view, we review and compare those aperiodic SRS schemes suggested so far, and present a possible outline for designing aperiodic SRS.

Our view on aperiodic SRS is that it could be designed as swift as eNB could control it dynamically and also as eNB could get enough channel sounding in a given time, which would be enoughly shorter than periodic sounding.
2. A possible outline for designing aperiodic SRS scheme
On considering aperiodic SRS schemes, we suggest that below four conditions be an outline in designing aperiodic SRS.

a) Use of other resources beside Rel.8 SRS configuration resources


: to give more multiplexity to Rel.10 system

b) Transmission of aperiodic SRS in one-shot or in a enoughly short time period


: to take enough channel sounding in a certain time period eNB needs

c) No increase of present blind decoding level while minimizing PDCCH overhead


: to minimize signaling overhead and processing overload

d) Minimizing the loss to PUSCH data, if any or necessary


: to avoid cancelling out the gain from enhancing SRS by the loss from PUSCH data

3. Aperiodic SRS solutions
3.1. Aperiodic one-shot SRS

[image: image13.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. 


[image: image2]
Fig.2 shows another example of aperiodic one-shot SRS which does not collide with periodic SRS configuration. However, in this case, this aperiodic one-shot SRS would collide with the last PUSCH symbol in a subframe because the last symbol would be used for PUSCH data if this symbol is not in periodic SRS configuration subframe.

Moreover, in Rel.8 SRS configuration, there could be a cell which would configure a UE to transmit periodic SRS in every subframe. In this case, eNB could not transmit aperiodic one-shot SRS without collision with periodic SRS. Also, there could be many possible configurations which let UEs transmit periodic SRSs densely in a radio frame. This would mean that even though we could transmit aperiodic one-shot SRS by puncturing the last PUSCH symbol in a subframe, it could be rather difficult to transmit aperiodic SRS within a certain period where eNB wants to sound the uplink channel, because eNB should wait for some subframes to transmit aperiodic SRS to avoid collision with periodic SRSs.

Aperiodic one-shot transmission is the fastest solution for transmitting aperiodic SRS. In addition, at the signaling point of view, it seems to be the swiftest and lightest solution because it would need only one bit for triggering aperiodic one-shot SRS. However, as mentioned above, it has a limitation for transmitting aperiodic SRS if it should avoid collision with periodic SRS or the last PUSCH symbol.

3.2. Aperiodic SRS via DM-RS

[image: image3]Fig.3 shows an example of aperiodic SRS via DM-RS, especially with OCC. In [1], SRS via DM-RS has several advantages, but also has several disadvantages to be addressed. The advantages 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.
At this point, the details on how to apply OCC are still in discussion and we are aware that OCC can not be applied if sequence/group hopping is enabled. However, even if we could address this issue, and we could use OCC for SRS via DM-RS, we would still have one more limitation, that is, a possible band for transmitting SRS via DM-RS is limited by a band used only for the SU-MIMO users with single layer or the SU-MIMO users up to 2 layers, depending on the conclusion of UL DM-RS discussion, because OCC could not be applied twice to the same DM-RS. For example, applying one OCC for separating layer/user and at the same time, applying another OCC for SRS via DM-RS would not be possible.

3.3. Burst Aperiodic SRS
 SHAPE  \* MERGEFORMAT 



Fig.4 shows an example of burst aperiodic SRS. This scheme has similar problem with aperiodic one-shot SRS as mentioned above. If there is no proper scheme to avoid this collision between aperiodic burst SRS for user#3 and PUSCH symbol for the other users, this collision would bring performance degradation. Moreover, if the symbol positions which are supposed to be for transmitting aperiodic burst SRS are random or at least dynamically vary, it could interrupt important control symbol such as RI or HARQ Ack/Nack. In addition, transmitting aperiodic burst SRS could take rather longer than the other aperiodic schemes. Thus, eNB might not collect enough channel sounding in a certain time period eNB desires.
3.4. Aperiodic SRS using PUSCH region

[image: image5]
Fig.5 shows an example of aperiodic SRS using PUSCH region where the first PUSCH symbol in a subframe is used for aperiodic SRS transmission. Same as aperiodic one-shot SRS, this scheme has also collision problem between SRS using the first PUSCH symbol for user#1 and PUSCH symbol for the other users. If we don’t use puncturing scheme, this collision would bring performance degradation due to the interference. However, unlike aperiodic one-shot SRS, this scheme does not have subframe limitation because it doesn’t need to wait for a subframe which does not incur collision with periodic SRS transmission.

3.5. Puncturing/Holding scheme
Fig.6 to 8 show a puncturing/holding scheme for each aperiodic SRS case. For the case where transmitting aperiodic SRS incurs collision, if we puncture or hold the colliding symbol in advance, we could avoid the collision from periodic SRS or PUSCH region as below.

[image: image6]

[image: image7]
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For signaling aspect related with this scheme, refer our another contribution [2].

4. Conclusion
In this contribution, we reviewed proposed aperiodic SRS schemes, and suggest a possible outline in designing aperiodic SRS scheme. Based on this, we suggest below:

1) puncturing/holding scheme


: puncturing/holding PUSCH symbol or periodic SRS symbol for the other users except a user who transmit aperiodic SRS over PUSCH symbol(or periodic SRS symbol) to avoid collision between aperiodic SRS symbol and PUSCH symbol(or periodic SRS symbol).
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Fig.� SEQ Fig. \* ARABIC �3� Example of aperiodic SRS via DM-RS with OCC





Fig.� SEQ Fig. \* ARABIC �2� Example of aperiodic one shot SRS without periodic SRS configuration





Fig. � SEQ Fig. \* ARABIC �1� Example of aperiodic one shot SRS with periodic SRS configuration
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Fig.7 Example of aperiodic one shot SRS with puncturing PUSCH symbol
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Fig.4 A example of burst Aperiodic SRS
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Fig.6 Example of aperiodic one shot SRS with holding periodic SRS
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Fig.8 Example of aperiodic SRS using PUSCH region with puncturing
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Fig.5 Example of aperiodic SRS using PUSCH region
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