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1 Introduction

Important SRS transmission enhancements were introduced in Rel.10 including aperiodic SRS triggering by PDCCH and support of SRS transmissions from multiple UE antennas (for UL SU-MIMO). A few more enhancements were considered but not introduced in Rel.10 either because the tradeoff between benefits and specification/implementation complexity was not conclusive or because the lack of time for thorough discussions. 

As CoMP-based transmissions or further improvements in spectral efficiency in Rel.11 will rely on the availability at the network of additional or more frequent channel information from the UEs, the SRS functionality will continue to increase. This is particularly true for TDD systems but also holds for FDD systems. SRS overhead reduction should therefore remain a top consideration for SRS enhancements in Rel.11. 

Additionally, the support of clustered PUSCH transmissions and of heterogeneous networks initiated in Rel.10 is important to continue in Rel.11 and associated SRS enhancements should be considered.  

2 SRS Multiplexing and Overhead Reduction
Two ways exist for reducing SRS overhead; either by increasing its multiplexing capacity [1] or by using available DMRS CS in a PUSCH to multiplex DMRS that is not associated with data and serves only as SRS [2]. Having non-orthogonal SRS multiplexing is another option but it has several important disadvantages and is not further considered.
As the Rel.8/Rel.10 design for SRS multiplexing is highly efficient, further increasing the SRS multiplexing capacity by using all CS values [1] for each of the two combs will be of very limited scope (e.g. may only apply when all UEs experience frequency flat channels). Considering that the SRS sequence duration is 66.67/RPF sec, then for RPF=2 and 8 CS, the CS separation is 4.167 sec. Even without considering timing errors and filtering transients, this CS separation is not adequate for a TU6 type channel where only 3 CS/comb can be supported. However, a 4.167 sec CS separation is adequate for frequency flat channels (although the impact of inter-CS interference due to filtering transients on the channel estimate should be evaluated for high SINRs). 

Using available DMRS CS values in a PUSCH to multiplex DMRS serving for sounding [2] may provide substantial SRS overhead reduction as DMRS is allocated 2 symbols per subframe in every subframe for a total of 14.3% of the UL resources (i.e. several times more UL resources than for Rel.10 SRS). Therefore, if a part of the available DMRS resources can be used for sounding, more sounding can be accommodated without introducing additional overhead (or an existing SRS overhead can be reduced). The additional DMRS interference from multiplexing several DMRS is not an issue as such multiplexing is already the case with UL MU-MIMO and it is under network control.
Multiplexing DMRS for sounding purposes can be semi-static by network configuration (RRC signaling) or dynamic by PDCCH (empty UL grant). The following properties are identified for these two approaches: 
a) Network configuration: Simple to support and specify. Sounding is limited to SPS resources - sufficient for providing wideband SINR.
b) PDCCH: More complex to support and specify. Even though it can opportunistic (i.e. only when PDCCH resources exist) and avoid increasing the number of OFDM symbols for DL control, it cannot be consistent and additional PDCCH interference will be generated. However, sounding can be over variable BWs and not only over the small BWs associated with SPS PUSCH that are typically located at the two ends of the PUSCH BW. 
Both approaches should be further evaluated in Rel.11.

3 Non-contiguous SRS Transmissions
SRS transmission with maximum/large BW is often impractical because:

a) SRS overhead is maximized.

b) SINR estimation accuracy is minimized as the SRS transmission power is spread over a wide BW.

c) For PUCCH transmissions with ICIC-FFR in het-nets or for avoiding interference in an adjacent frequency, the PUSCH BW is non-contiguous and is punctured by the PUCCH BW which should not be sounded.

d) ICIC (through fractional frequency reuse) on SRS transmission cannot be supported (in case of one cell).
Support for non-contiguous SRS transmissions is primarily motivated by the previous three design considerations. It is noted that one of the key factors limiting the throughput gains from non-contiguous resource allocation is the unavailability of SINR estimates over a large part of the operating BW from the majority of UEs, in addition to the inaccuracies of these SINR estimates [3]. It is also noted that SRS transmission over non-contiguous BW is already supported if it is in different cells and that DMRS transmission over non-contiguous BW in a same cell is also already supported for a clustered PUSCH transmission.
Figure 1 assumes “SRS configuration 2” at 20 MHz for which the maximum SRS BW is 
[image: image1.wmf]0

SRS,

m

= 80 PRBs. Support of non-contiguous SRS transmission over 2 pairs of 20 PRBs can be used instead of the maximum SRS BW to:

a) Reduce SRS overhead by 50% (or more than 50% if smaller BWs are considered).

b) Improve SINR estimation accuracy by about 2.5 dB (considering the CM increase).

c) Allow ICIC-FFR of SRS transmissions in non-sounded BWs.


[image: image2]Figure 1: Non-Contiguous SRS Transmission over 2 BWs of 20 PRBs.

The obvious tradeoff is that the whole BW is not sounded. However, the relative significance of this is minor and it may even be advantageous to not sound the whole BW especially considering that:
a) Sufficient frequency selectivity can be obtained particularly for UEs supporting non-contiguous PUSCH transmissions.

b) Wasteful sounding over BWs allocated to SPS can be avoided.

c) The channel in RBs near sounded RBs can be interpolated or assumed to be similar especially if the channel is not highly frequency selective.

d) Not sounding the whole BW is beneficial for ICIC-FFR. 
Therefore, BW non-contiguous SRS transmissions should also be supported within a cell.  
4 Conclusions

This contribution considered potential SRS enhancements in Rel.11 in order to increase the functionality and utilization of SRS transmissions while avoiding introducing additional resource overhead. In particular, the following two functionalities should be considered as they provide substantial benefits with trivial specification and implementation complexities:
a) Multiplexing in a PUSCH of DMRS transmissions for sounding purposes.
b) BW non-contiguous SRS transmissions within a cell  
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