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1 Introduction

Dynamic aperiodic sounding reference signal (SRS) has been agreed as an UL sounding enhancement for LTE-A.  In RAN1#61 meeting, it was further agreed that one-shot SRS transmission is supported and when DCI format 0 is used for SRS triggering, the size of DCI format 0 remains the same as defined in Rel-8 at least in the common search space. The following remaining topics were subject to email discussion until RAN1#61bis:
· Support of other SRS durations is FFS 

· Resources used for aperiodic SRS

· Support of aperiodic triggering by DL grant?

· In case of UL triggering, allow triggering without PUSCH grant?

· Support of group triggering

The topic of resource allocation for aperiodic SRS has been discussed in a few contributions in #61bis ([1]- [6]). In this contribution, we discuss some possible options for resource allocation and signalling for aperiodic SRS. 
2 Resource Allocation for Periodic and Aperiodic SRS
In Rel-8/9, various dimensions of frequency, time, and code division are used to orthogonally multiplex different UEs onto a limited amount of sounding resources.  The signalling mechanism used to achieve this uses a combination of broadcast signalling of the cell-specific parameters and higher-layer signalling of the UE-specific parameters.  For Rel-10, the question becomes whether to employ a similar approach for the signalling of aperiodic resources.  One possibility for aperiodic sounding is to simply treat the entire set of periodic resources that are currently signalled through broadcast as a superset of both periodic/aperiodic resources for Rel-10 UEs.  In this case, only RRC signalling of any new aperiodic UE-specific parameters becomes necessary.  However, we feel that using some cell specific signaling has benefits over using only RRC signaling to indicate aperiodic SRS resource: 
· SRS parameters that could be cell specific (e.g. SRS bandwidth and subframe configuration) can be reconfigured more easily and with less signaling overhead. Whenever there is a change to a cell specific parameter, it must be RRC signalled to each UE in the cell.  However, if the aperiodic cell specific parameters are broadcast to the UEs, this delay and overhead can be avoided.
· Designating subframes as cell specific aperiodic subframes simplifies SRS timing, making it easier to implement features such as frequency hopping.   Unlike Rel-8 periodic SRS, aperiodic SRS is not transmitted at fixed, UE specific times, and so some new timing reference is needed when frequency hopping is used.  If periodic and aperiodic resource is not partitioned (“mixed”), and the amount of periodic SRS present in a mixed subframe varies, then the available resource for aperiodic SRS will also vary subframe by subframe.  Since the amount of resource available for aperiodic SRS varies subframe by subframe, hopping patterns are more difficult to manage and/or synchronize between eNB and UE.  If the resource is partitioned on a cell specific basis, a fixed amount of aperiodic resource is available, and hopping over that resource is simplified.
The drawback of cell specific partitioning of aperiodic and periodic SRS resource is some loss of scheduling flexibility and/or capacity.  However, since the cell specific resource can be partitioned quite flexibly, and since the partition can be reconfigured efficiently, we believe that the greater complexity and overhead of using only RRC configured aperiodic and periodic resource is probably not needed. Therefore, the cell specific approach is further discussed below.
2.1 Subframe Based SRS Resource Partitioning

One of the possible partition methods is to divide the cell-specific SRS subframes into two sets, one for periodic SRS and the other for aperiodic SRS. Some possible partitions are shown in Table 1 in the Appendix, where srs-Subframe-Config # is used to inform all UEs about the total cell-specific SRS subframe configuration while periodic-srs-Subframe-Config # is used to inform Rel-10 UEs about the SRS subframes configured for periodic SRS. The cell-specific aperiodic SRS resources are not explicitly signalled, but could be derived by the Rel-10 UE from the cell-specific total SRS sources and cells-specific periodic SRS resources.  The same cell-specific SRS subframe configuration in Rel-8 can be used for this purpose. For example, srs-SubframeConfig # 0 means all subframes are configured for SRS whereas periodic-srs-Subframe-Config #0 means all subframes are configured for periodic SRS.  This allows the eNB to partition the SRS subframes between periodic and aperiodic SRS flexibly based on different deployment scenarios while remaining backward compatible to Rel-8 UEs.

Using partition #2 in Table 1 as an example, srs-SubframeConfig#0 is broadcast to all the UEs.  In addition, periodic-srs-SubframeConfig #2 is broadcast to only Rel-10 UEs to indicate the partition between periodic and aperiodic SRS subframes.   In this particular example, 100% of the subframes are configured as cell-specific SRS subframes,  half of which are configured for periodic SRS (i.e. subframes # 1,3,5,7,9) and the other half for aperiodic SRS (i.e. subframes # 0,2,4,6,8).   Using partition #47 as another example, srs-SubframeConfig #14 is broadcast to all UEs, while periodic-srs-SubframeConfig #4 is broadcast to only Rel-10 UE to indicate the subframe partition.  In this case, 80% of the subframes are configured for SRS, whereas 20% are configured for periodic SRS and 60% are for aperiodic SRS.   

It can be seen from Table 1 that such a partitioning method provides many possible combinations with different subframe usage ratios between periodic and aperiodic subframes, It keeps the same overall SRS resource allocation capability of Rel-8/9 in terms of percentage of subframes and subframe offsets configured for SRS. It allows flexible semi-static partitioning of the total cell specific SRS resources between periodic and aperiodic SRS based on different deployment scenarios. It also enables aperiodic SRS frequency hopping without dynamically signalling the frequency domain resources.
2.2  Frequency Hopping Support 
With the above cell specific SRS subframe partitioning, frequency hopping patterns can be assigned to the cell-specific aperiodic SRS subframes as shown in Figure 1. Unique frequency hopping patterns are determined for a given aperiodic SRS configuration such as SRS bandwidth, SRS hopping bandwidth, and frequency position.   The hopping subframe index starts at the first aperiodic subframe in system subframe 0 and increments at each of the subsequent aperiodic SRS subframes (regardless of actual aperiodic SRS assignments).  The frequency location varies as a function of the hopping subframe index according to a predetermined pattern that is known by all Rel-10 UEs and the eNB. 
Since a Rel-10 UE knows the cell-specific aperiodic SRS subframes and thus the hopping subframe index for a given aperiodic subframe, it is able to calculate the frequency domain location of its aperiodic SRS transmission if it is triggered or scheduled.   For example, when aperiodic SRS for a UE is triggered at subframe 1 of system frame 1 or at subframe 4 of system frame 2, the UE can easily determine the frequency location for aperiodic SRS transmission on the two subframes (shown in blue in Figure 1). 

[image: image1]
Figure 1:    Frequency hopping support for aperiodic SRS 

In case of multi-shot aperiodic SRS, a UE can similarly determine the subsequent subframes and the starting frequency location in each of those subframes for aperiodic SRS transmission according to the hopping subframe index and the predetermined hopping pattern. This hopping scheme allows for uplink sounding over a wider bandwidth with narrow-band aperiodic SRS without the need of dynamically signalling the frequency domain locations, thus less signalling overhead is required. 

3 Summary 
To facilitate aperiodic SRS scheduling by the eNB and to reduce or eliminate the overhead for dynamic signalling of aperiodic SRS resource allocation, subframe based cell specific SRS resource partitioning between periodic and aperiodic SRS should be supported. 
Proposals:

· Subframe based cell specific aperiodic SRS allocation should be supported
· Aperiodic SRS transmission should support frequency hopping.
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5 Appendix

5.1 Possible subframe based cell specific SRS resource partitioning  
Table 1.  Some possible subframe based SRS resource partitions (“p” indicates subframes for periodic SRS while “a” indicates subframes for aperiodic SRS) 
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