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1. Introduction
RAN1 has reached agreements on the support of more effective UL transmissions. However, the effective SRS transmission scheme for Rel.10 has not been decided yet. Since the SRS scheme in Rel.8 was designed for the single antenna transmission only, certain enhancements of SRS scheme in Rel.8 would be necessary for Rel.10, which, among others, has so far included following features :
· UL SU-MIMO

· DL-MU/SU-MIMO

· CoMP

· Carrier Aggregation

In previous RAN1 meeting, #59b in Valencia, we agreed the necessity of enhancement for SRS Rel.8 and have been trying to find essential enhancements from the email discussion since the last meeting. The area which we shared our opinions are as below:
· Need for dynamic aperiodic sounding

· Need for sounding via DMRS

· Need for increased SRS multiplexing possibilities

· Need for multi-cell coordination / randomisation

· Need for precoded SRS

· Need for SRS coverage enhancement

· Need for non-contiguous SRS transmission

In this contribution, we present further consideration on aperodic and periodic SRS transmission, especially when it needs switching between aperiodic and periodic.

2. Aperiodic SRS transmission procedure

Aperiodic SRS in fixed positions

[image: image5.bmp]
< Fig.1 Example of limited aperiodic SRS transmission >
Fig.1 shows an example of an aperiodic SRS transmission in certain positions, which are the same as periodic SRS transmission subframe position determined by eNB for the balance among other users. For instance, if the periodicity of a periodic SRS transmission is given as 5 subframes and offset {2,3}, then the periodic SRS would be transmitted as Fig.1. At this point, if an aperiodic SRS transmission is triggered within the same set of the periodic SRS, there would be no increase of interference between the users since the periodic SRS transmission itself is supposed to be scheduled in a way to avoid or minimize the interference from each other.
Apparently, this scheme would not increase the interference between users who share the resources to transmit SRS in a same cell or adjacent cell, if multi cell is considered, because the aperiodic SRS would not interrupt those resources which other user might use. However, this scheme would lose the scheduling flexibility from the aperiodic SRS, which is deemed to be a great benefit of using it.  
Aperiodic SRS in random positions

[image: image2]< Fig.2 Example of full aperiodic SRS transmission >
Fig.2 shows a general case of an aperiodic SRS transmission having full degree of freedom. A UE could transmit SRS at any timing where eNB dictates. However, this scheme should take into account how to balance the aperiodic and periodic SRS resources within the existing SRS resources and how to avoid or minimize interferences from users who transmit SRS.
2.1. Aperiodic/ periodic SRS transmission mode switching


[image: image3]
< Fig.3 Example of aperiodic/periodic SRS transmission mode switching >

Fig.3 illustrates a possible problem which could occur while switching the mode between aperiodic SRS transmission and periodic SRS transmission. In [1], aperiodic SRS transmission can be dynamically scheduled in a similar manner with aperiodic CQI reports on PUSCH. Aperiodic CQI scheme has 1 bit for activation/deactivation of CQI reporting on DCI format 0. If we follow the similar procedure of aperiodic CQI for aperiodic SRS, we would also need 1 bit for activation/deactivation of SRS transmission trigger. However, when in mode switching such as from periodic to aperiodic as illustrated in Fig.3, since there’s no clear L1 signaling such as PDCCH which orders a UE not to transmit periodic SRS, the periodic SRS would be transmitted together with aperiodic SRS, possibly giving rise to an increase of interference to the system.
2.2. Use case for aperiodic/periodic SRS transmission mode switching
Depending on user

Aperiodic/periodic SRS transmission could be configured per user basis since each UE would have different environment or environment changes such as UL SU-MIMO, DL-SU/MU-MIMO, CoMP, and CA, and transition from one to another. 
For instance, in CoMP case, when we use different time resources for the CoMP UEs and the non-CoMP UEs separately, an eNB could order an aperiodic SRS transmission to a UE who is transitioned from non-CoMP to CoMP by L1/L2 signaling which would be rather faster than the RRC signaling as in Rel.8.
Depending on cell or Site

It could be also possible to configure an aperiodic SRS or a periodic SRS transmission depending on cell or site. In Rel.9/10, the heterogeneous networks including micro cell such as femto, pico, relay, etc have been discussed. These micro cells have characteristics where users in the cell are mostly not moving or slowly moving, and the number of users is much smaller than those in macro. These characteristics would result in the situation where users in micro cells may not need to transmit SRS periodically and the micro eNB could fully control a small bundle of users. From these perspectives, applying aperiodic SRS transmission to micro cell would be more reasonable.
3. Conclusion

Based on the discussion above, it is proposed to 
· Support aperiodic SRS transmission in a random position.

· When it comes to aperiodic/ periodic SRS transmission mode switching, use signalling to indicate the transition from periodic SRS transmission to aperiodic SRS transmission, or vice versa.
· Configure aperiodic/periodic SRS transmission per users or per cell/site. The other possible use cases are FFS.
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