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1. Introduction

In RAN1#60bis meeting, the enhancement for uplink Sounding RS (SRS) was discussed [1]-[20] and the following was agreed. 
· 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

The number of bits of dynamic aperiodic SRS depends on the duration and the signalling manner of SRS parameters (i.e. PDCCH or higher layer). These are related to use case of the SRS. In this contribution, we mainly discuss the use case, the duration and the triggering scheme of dynamic aperiodic SRS.
2. Discussion
2.1. Use case of dynamic aperiodic SRS 

The periodic SRS in Rel.8/9 is transmitted on the last symbol of a subframe. These resources are blanked by cell specific configuration in case the periodic SRS is used. In Rel.10, SRS resources may not be sufficient because SRS from multiple antennas is required for SU-MIMO. So, one way would be to use additional SRS resource for Rel.10, e.g. SRS on DM-RS and enhanced CS and Comb.
However, our thinking is at first to efficiently utilize Rel.8 cell specific SRS resources by the dynamic aperiodic SRS. Still, if the SRS resources are not enough yet, additional SRS should be considered. 
There are two approaches to use the cell specific SRS resources for periodic SRS and dynamic aperiodic SRS. One is the resources are shared by periodic SRS and dynamic aperiodic SRS. This can efficiently utilize the resources because vacant resources by periodic SRS can be assigned to the dynamic aperiodic SRS as shown in Fig.1. The other is the resources are separated by periodic SRS and dynamic aperiodic SRS. This can reduce the management complexity at eNB.
We think these two cases are just how eNB use cell specific resources and we should consider the two cases for the discussion.
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Figure 1 The resources for Rel.8/9 periodic SRS and dynamic aperiodic SRS
2.2. The duration of dynamic aperiodic SRS

For the dynamic aperiodic SRS, one aspect which needs to be concluded is the duration (e.g. one-shot, with a timer, semi-persistent until disabled, etc.).
· One shot dynamic aperiodic SRS

· Beneficial for quick channel quality measurement 
· Easy to avoid the collision with periodic SRS from other UEs because SRS assignment is valid only in a subframe. This results in more efficient utilization of SRS resources, especially in case SRS resources are shared by periodic SRS and dynamic aperiodic SRS.
· Dynamic aperiodic SRS with a timer

· A possible use case is SRS frequency hopping for cell edge UEs as mentioned in [20]. However, it may be sufficient for cell edge UEs to use a narrow band SRS without hopping. Another use case is periodical measurement for a busty traffic as mentioned in [4]. However, it may be sufficient to trigger multiple one shot SRS if necessary. At this point, the gain of timer is not clear. 
· Difficult to avoid the collision with periodic SRS from other UEs because SRS assignment is valid for multiple subframes (continuous or non-continuous), especially in case SRS resources are shared by periodic SRS and dynamic aperiodic SRS. 

· Semi-persistent until disabled

· Rel.8 periodic SRS would be sufficient due to the similar operation. If SRS for multiple antennas (e.g. four antennas) is necessary, it would be preferable to define the Rel.8 periodic SRS transmission independently for each antenna for simplicity. 

· Difficult to avoid the collision with periodic SRS from other UEs because SRS assignment is valid for multiple subframes (continuous or non-continuous), especially in case the SRS resources are shared by periodic SRS and dynamic aperiodic SRS.
· PDCCH is transmitted for enabling and disabling the semi-persistent SRS. When the PDCCH for enabling is falsely detected or the PDCCH for disabling is missed, SRS is continued to be transmitted on unexpected resources and give a severe interference to SRS for other UEs. Hence, virtual CRC and confirmation for the PDCCH is necessary. 
In our view, one shot dynamic aperiodic SRS should be supported for a flexible SRS assignment. Dynamic aperiodic SRS with a fixed timer (i.e. no dynamic signalling for timer) may be supported if sufficient gain/benefit is identified. 
2.3. How to trigger dynamic aperiodic SRS 
Dynamic aperiodic SRS is at least triggered by UL grants. We identify the following alternatives for the signalling of dynamic aperiodic SRS. 
· Alt.1) Dynamic aperiodic SRS is triggered by one bit in DCI format 0 or 1A. All parameters for the SRS resource are indicated by higher layers (MAC or RRC). 

· Merit 

· Signalling overhead is small. 
· Single PDCCH can assign both uplink/downlink data and the dynamic aperiodic SRS simultaneously. 

· Demerit 

· SRS resource assignment is less flexible since SRS parameters (e.g. RB, cyclic shift) are configured by higher layers. SRS can not be triggered when the configured SRS parameters does not match the unused SRS resource by periodic SRS as shown in Fig.2. 
· Most bits in DCI format would be wasteful when data and SRS are not simultaneously indicated. In addition, some signalling to disable the dynamic aperiodic SRS is required.
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Figure 2 Assignment limitations for Alt.1 and Alt.2 
· Alt.2) Dynamic aperiodic SRS is triggered by one bit in DCI format 3/3A (group indication), i.e. a part of TPC fields in DCI format 3/3A is redefined for SRS trigger bits instead of TPC command. All parameters for the SRS resource are indicated by higher layers (MAC or RRC). 

· Merit

· Signalling overhead is small.

· If TPC command and SRS trigger are informed simultaneously in the single PDCCH, overhead increase is small.
· SRS can be triggered irrelevant to the uplink/downlink data assignment.
· Demerit 

· SRS resource assignment is less flexible since SRS parameters (e.g. RB, cyclic shift) are configured by higher layer signalling. (Same as Alt.1)
· Alt.3) Dynamic aperiodic SRS is triggered together with SRS resource indication. The payload size is aligned with DCI format 0. 
· Merit

· SRS resource assignment is flexible and more efficiently used because SRS parameters cannot be dynamically indicated.
· Especially, in case the SRS resources are shared by periodic SRS and dynamic aperiodic SRS, this is beneficial.
· Demerit 

· Signalling overhead is relatively large.
· Single PDCCH cannot assign PUSCH and dynamic aperiodic SRS simultaneously. Using two PDCCHs in a subframe, i.e., one for PUSCH and one for SRS, is also one option.
We propose at least to support Alt.3) because Rel.8 cell specific SRS resources can be efficiently utilized in spite of the signalling overhead. If it is concerned to support to transmit two PDCCHs, one for PUSCH allocation and the other for the SRS trigger, another option is to support Alt.2 and Alt.3 simultaneously. Either combination should be supported.
2.4. Triggering in UL and DL assignment

As we discussed in the previous section, our preference for triggering dynamic aperiodic SRS is Alt.3 and possibly Alt 2 in addition. Therefore, dynamic aperiodic SRS can be triggered at any time irrelevant to data assignment. 
3. Conclusion

We discussed dynamic aperiodic SRS. We propose the followings as way forward.
· At first, how to efficiently utilize Rel.8 cell specific SRS resource should be discussed. Still, if the SRS resources are not enough yet, additional SRS should be considered.
· It is eNB matter whether Rel.8 cell specific SRS resource is shared or separated by Rel.8/9 periodic SRS and dynamic aperiodic SRS. We should consider the two cases for the discussion.  

· One shot dynamic aperiodic SRS should be supported for a flexible SRS assignment. Dynamic aperiodic SRS with a fixed timer may be supported if the gain/benefit is identified.
· Triggering dynamic aperiodic SRS together with the SRS resource parameters in PDCCH should be supported. 
· If transmitting two PDCCHs, one for PUSCH allocation and the other for the SRS trigger, is concerned, additional use of DCI format 3/3A for the SRS trigger should be considered. 
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