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1 Introduction

The aperiodic sounding mechanism is widely recognized to be an efficient manner for sounding resource management. As a result, the aperiodic sounding was agreed to be supported in Rel-10, but the details about how to activate it are for further study. This paper discusses two possible manners to activate the aperiodic sounding for an UE. One is RRC based aperiodic sounding, and the other is the PDCCH-based aperiodic sounding.
2 RRC-based aperiodic sounding
In Rel-8/9, the RRC signaling contains two parts, common (i.e., SoundingRS-UL-ConfigCommon) and dedicated (i.e., SoundingRS-UL-ConfigDedicated) parts. The common part indicates the configurations of cell specific subframes and sounding bandwidth. The dedicated part determines each UE’s sounding parameters, including the duration, CS value, sounding periodicity, and so on. In the current sounding mechanism, only one-shot and infinite transmissions are supported by using the one-bit RRC message “duration”. However, the flexibility does not seem to be enough to support dynamic sounding. As described in [1], RRC of periodic SRS determines the configuration of cell specific subframes, in which an UE is allowed to do sounding transmission. While the sounding resource, which is provided by the cell specific subframes, is not fully utilized by the periodic SRS, it could be a waste of sounding resource. To exploit the un-used resource, it seems to be possible to design a complementary RRC format, on top of that of periodic sounding, for aperiodic sounding to efficiently manage the available sounding resource [2][3]. The complementary RRC could trigger a burst of sounding operations (see figure 1) when sounding resource is highly demanded during a specific time period. This situation would happen if number of multi-antenna UEs significantly increases. Before triggering the aperiodic sounding, an eNB should take the risk of collision (in time/frequency/code domain) between periodic and aperiodic mechanisms into consideration. It is noted that, if needed, the RRC of aperiodic sounding could be re-configured several times in between two RRC configurations of periodic sounding. To realize the RRC configured aperiodic sounding, the following item could be further studied.
· Configurations of the UE specific parameters for aperiodic sounding: the cell specific parameters should be configured by RRC of periodic sounding. Only the UE specific parameters could be configured for aperiodic sounding, in order not to affect PUCCH transmission. The corresponding UE specific parameters might include sounding periodicity, sounding bandwidth location, timer parameter, resource assignment rule to multiple antennas, and so on.
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Figure 1. Illustration of RRC configured aperiodic sounding.
3 PDCCH-based aperiodic sounding
The aperiodic sounding also could be triggered via PDCCH [2][5][6]. That is, a one-bit aperiodic sounding request is added in the uplink scheduling grant. If the bit is TRUE, an UE should transmit sounding signals in one of the PUSCH symbols. Essentially, this method supports one-shot aperiodic sounding. However, since the sounding bandwidth is limited to the UE’s allocated resource blocks, this method is only suitable for tracking closed-loop MIMO parameters, such as precoder index and rank number, rather than frequency-domain scheduling. As a result, this method also could be considered as another complement to the periodic sounding.
According to [4], the sounding bandwidth in Rel-8 is allocated in a unit of four resource blocks with a frequency decimation factor equalling 2. The length of existing sounding sequence is thus a multiple of 24. However, the allocated PUSCH bandwidth shall fulfil 
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 are non-negative integers. It implies that the number of allocated resource blocks might be a multiple of 2, 3, or 5. Whether the frequency decimation is used or not, the existing sounding sequences could not always fit the size of the allocated resource blocks. As a result, it seems that the PHY structure and sounding sequences for this method should be re-defined. The following are some possible intuitive manners to solve this problem.
· Limit the number of allocated recourse block to be a multiple of 4 if the aperiodic sounding is enabled. This manner is quite simple since the current sounding PHY structure, sequences, CS values could be directly applied, but however the scheduling flexibility is limited.
· Directly apply DM-RS sequences in the sounding symbol. This manner is also simple since length of DM-RS sequence exactly matches the size of the allocated resource blocks. The standardization effort might be the assignments of cyclic shifts to different transmit antennas. However, it should be further studied if there is any negative effect caused by re-using DM-RS sequences.
· Re-define the sounding sequences for aperiodic sounding. First of all, frequency decimation should be discussed if it is needed or not in PDCCH-based aperiodic sounding. Then, the sounding sequences and the corresponding CS values could be further defined. To our understanding, this option requires the most standardization efforts and thus does not seem to be a good choice.
4 Conclusion
Based on the above discussions, the following are the proposals:
· Suggest RAN#1 to discuss the feasibility of RRC configured aperiodic sounding, such as the RRC format.

· Suggest RAN#1 to discuss the feasibility of PDCCH-based aperiodic sounding, such as the PHY structure and sequences.
5 Reference

[1] 3GPP TS 36.213, “Physical layer procedures,” Release-8, May 2009.
[2] R1-100860, “Further discussion on SRS enhancement,” Ericsson, Feb. 2010.
[3] R1-101134, “Views on SRS enhancement for LTE-A,” Motorola, Feb. 2010.
[4] 3GPP TS 36.211, “Physical channels and modulation,” Release-8, May 2009.
[5] R1-101094, “Considerations on aperiodic SRS,” TI, Feb. 2010.
[6] R1-101224, “Views on SRS enhancement for LTE-advanced,” NTT Docomo, Feb. 2010.












































































_1331462416.unknown

_1331462422.unknown

_1331462441.unknown

_1331462397.unknown

