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1. Introduction

This is a revision of R1-103193. The adequacy of Rel-8/9 SRS resources for sounding in Rel-10 systems has garnered some attention in the past few RAN1 meetings. This is partly due to the fact that TR 36.913 specifies a 50% increase in the number of supported UEs compared to a Rel-8 system. Secondly, sounding may be required from multiple antenna ports to support UL SU-MIMO transmission mode. While it has been agreed to support dynamic aperiodic SRS for efficient management of the existing SRS resources, it is still an open question on what, if any, additional sounding resources are required in Rel-10 over and above the Rel-8 sounding resources. This contribution investigates some proposed methods to increase sounding resources.
2. Discussion
The proposed methods to increase sounding resources include increasing the repetition factor (RPF), increasing the number of cyclic shifts, sounding on the DMRS symbols, and sounding in the PUSCH region. As discussed during past meetings, and in several contributions, increasing the number of cyclic shifts is limited to low delay spread channels. In the same vein, increasing RPF, say from 2 to 4, reduces the frequency resolution and may be better suited for wideband channel estimation to support, e.g. long term covariance estimation. However, this added benefit comes at the cost of increased inter-cell interference. Since the RPF and the number of cyclic shifts were carefully chosen during the Rel-8 standardization phase it is preferable not to re-open such discussions within the Rel-10 timeframe except sufficient justification is shown. Sounding within the PUSCH region can be further studied bearing in mind the signaling overhead required to enable such sounding. Note that sounding in the PUSCH region encompasses sounding on either the DMRS symbols or data symbols (by PUSCH truncation or RB reservation).
Proposal: For the Rel-10 timeframe limit consideration of additional SRS resources to investigation of sounding within the PUSCH region.
2.1. Sounding on DMRS symbols

By exploiting the concept of MU-MIMO a pair of UEs can coexist within the same UL grant, where one UE is scheduled for PUSCH transmission, while the other is scheduled for sounding [1], [2]. From a performance perspective there should be limited impact in terms of intra-/inter-cell interference, provided the PUSCH and SRS bandwidths completely overlap, because this method is analogous to MU-MIMO for the DMRS symbols, while it does not introduce interference for the data symbols. The UE may be configured for DMRS sounding by:
· Dynamic signaling: this is an added cost in terms of DL signaling overhead, and it is unclear what the net benefit is since the sounding UE does not benefit from UL data transmission. 
· RRC signaling: a different approach is to semi-statically configure a UE for DMRS sounding, possibly with the same bandwidth, period and offset as the SRS RRC configuration. This could introduce interference to another UE that is dynamically scheduled for PUSCH transmission due to loss of orthogonality of DMRS sequences if the respective bandwidths partially overlap. The use of orthogonal cover codes (OCC) for Rel-10 UL MIMO can mitigate performance degradation. 
2.2. Sounding in the PUSCH region

Sounding in the PUSCH region has also been proposed to increase Rel-10 sounding resources. Figure 1 shows an example where the UE is configured to truncate its PUSCH transmission and transmit a sounding symbol in the last symbol of a subframe [3].
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Figure 1 Sounding by puncturing last PUSCH symbol
In our view there are quite limited benefits for this scheme because:
· This procedure is already provided in Rel-8, where the PUSCH transmission is truncated for the last symbol of a cell-specific sounding subframe. Therefore the benefit is limited to non-cell-specific sounding subframes, which could be sparse or even zero depending on the SRS configuration.
· In the non-cell-specific sounding subframes it further reduces transmission efficiency to 79% (3 symbols reserved for channel estimation).

· A benefit of this scheme is that the UE pays for its own sounding overhead. However, since the sounding is limited to the PUSCH bandwidth it may not applicable for frequency dependent scheduling. 

· Since the sounding symbol is not precoded a proposed benefit is that it can be used to refine precoding parameters. Again, this benefit has limited applicability to long term precoders because the UE’s PUSCH allocation may change from one subframe to the next. 

A different proposal is to increase sounding resources by reserving some PRBs solely for sounding [4]. The net benefit of this scheme is unclear because it trades off SRS capacity with PUSCH capacity. Furthermore, inter-cell coordination may be required to align the sounding PRBs between different cells in order to mitigate interference to PUSCH.  Given these issues the performance tradeoff between enhanced channel estimation and spectral efficiency requires further investigation. 
3. Conclusion

Any increase in SRS resources for Rel-10 systems should carefully weigh benefits of improved sounding versus PUSCH capacity, inter-cell interference and signaling overhead. Our recommendations are

· For the Rel-10 timeframe limit consideration of additional SRS resources to sounding within the PUSCH region.
· If sounding on DMRS symbols is supported configuration is by RRC signaling and the use of OCC is supported to mitigate intra-cell interference.
· Sounding on the last PUSCH symbol is already provided in the existing specifications.

· It is FFS whether reservation of PRBs provides a net benefit since it trades off sounding capacity with PUSCH capacity.
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