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1 Introduction

Currently, some SRS enhancement issues are under e-mail discussions, including
1) Need for dynamic aperiodic sounding
2) Need for sounding via DMRS
3) Need for increased SRS multiplexing possibilities
4) Need for multi-cell coordination / randomization
5) Need for precoded SRS
6) Need for SRS coverage enhancement
7) Need for non-contiguous SRS transmission
Some issues (i.e., items 1 and 2) gain majority support, but some do not. This contribution aims to show some further viewpoints on items 3 and 6.
2 Increase of Multiplexing Opportunity
The cyclic shift (CS) extension is a straightforward method to fundamentally increase the sounding opportunity. Although this method reduces the distance between two adjacent CS values, an eNB always could choose the appropriate CS values for each UE based on the current communication scenario. In a large-delay-spread environment (e.g., rural and suburban areas), the eNB could allocate CS values with larger separation to UEs to avoid interference. Instead, in a small-delay-spread environment (e.g., femtocell), the eNB could assign CS values with small separation to UEs to enhance the SRS capacity. For example, if an UE with closed-loop MIMO demands exists in a indoor hotspot, adjacent CS values could be assigned for its transmit antennas. Since the UE is expected to be close to the eNB and experiences short channel delay spread, the orthogonality of the sequences assigned for its multiple antennas could be kept under smaller CS separation. Moreover, although the aperiodic sounding mechanism improves the usage efficiency of the sounding resource, it does not seem to be able to fundamentally increase the sounding resource. It would be better to combine a complementary method to further increase the sounding resource. The CS extension would be a good candidate.
3 Sounding Coverage Enhancement
It is widely recognized that LTE-A will support multiple-antenna transmission in uplink, i.e., open-loop and closed-loop MIMO techniques. For closed-loop MIMO scenarios, an eNB might require the channel information from all of the transmit antennas of an UE. As a result, an UE might need to do sounding operations for all its transmit antennas simultaneously. The sounding power for each transmit antenna is thus lower than that of the single-antenna case (i.e., Rel-8/9 sounding), and the coverage is obviously reduced. To maximally maintain the sounding coverage, it is necessary to consider the coverage enhancement issue. In the sequel, three possible simple coverage enhancement methods are introduced. The first one is directly repeating the SRS transmission in the consecutive subframes (see Figure 1), such that the eNB can collect the power on those subframes to enhance the SRS strength. This method seems easy to be implemented, but, however, it is quite demanding on the sounding resource. In Figure 1, it is seen that if an UE has four transmit antennas, four sounding opportunities are consumed in each subframe to support this method.
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Figure 1. SRS repetition for coverage enhancement.
The second method is to separate the SRS transmissions of the transmit antennas to the consecutive subframes. Figure 2 shows an example, in which the four transmit antennas of an UE are scheduled to transmit SRS on two consecutive subframes. This way it could allow each transmit antenna to utilize larger transmit power at a sounding symbol. The third method is to limit SRS bandwidth for an UE with the demand on the multiple-antenna SRS transmission. Since the transmit power is collected in a narrow band, the power of each sounding tone can be increased. Due to the property, it is possible for an eNB to allocate all of the transmit antennas of an UE in a subframe, although the transmit power is shared by multiple antennas. If the channel information of a larger band should be sounded, the SRS bandwidth hopping, which already exists in Rel8/9, could be enabled. The advantage of methods 2 and 3 over method 1 is that there is no more sounding opportunity consumed for the purpose of coverage enhancement. Since the SRS assignment is antenna-specific, realizing the above methods might require some efforts to define additional SRS configurations.
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Figure 2. Antenna separation for coverage enhancement.
4 Conclusion
In this contribution, we show the further opinions on the two SRS discussion items. The CS extension fundamentally increases the sounding resource and seems to be a good candidate to be combined with the aperiodic sounding mechanism to further enhance the legacy SRS. As a result, it is worth further evaluating the CS extension. Moreover, sounding coverage is also a problem in LTE-A due to the support of multi-antenna sounding. Further discussion would be needed for this issue.
Proposal: Suggest RAN#1 to further evaluate the feasibility of the CS extension and consider the sounding coverage enhancement issue.
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