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1 Introduction

Enhancements to SRS transmission characteristics have been agreed for further consideration in Rel.10 as a consequence of the introduction of new features for PUSCH transmission including:

a) Carrier Aggregation (CA) 

b) UL SU-MIMO (multiple UE Tx RF chains)

c) Operation in Heterogeneous Networks (SRS ICIC support) 

d) Non-contiguous Resource Allocation (RA) 

e) Support UL CoMP 
Each of the above features, with the possible exception of UL CoMP, requires corresponding enhancements to the SRS transmission. 

This contribution focuses on the signaling aspects of SRS enhancements, particularly for operation in heterogeneous networks and for support of non-contiguous RA. Controlling SRS overhead associated with the support of UL SU-MIMO and SRS support for possible activation of UL Component Carriers (CCs) are being considered in [1].

2 SRS Operation in Heterogeneous Networks
Figure 1 shows the SRS hopping BW for the tree-based SRS structure in Rel.8 [2]. The possible SRS hopping BWs are equivalent to the four SRS BWs and 2-bit RRC signaling can indicate the SRS hopping BW. When the SRS hopping BW is equal to (or smaller than) the SRS BW, no SRS BW hopping applies.

[image: image1]
Figure 1: SRS hopping BW for tree-based SRS structure

Although the above possible SRS hopping patterns provide adequate flexibility for homogeneous networks in Rel.8, they are either inapplicable or too restrictive in heterogeneous networks where the application of ICIC prohibits SRS transmission in certain parts of the BW. 

One simple case indicating the inadequacy of the Rel.8 hopping pattern in heterogeneous networks is to consider that any part in the middle of the BW is not used in a cell due to the application of ICIC. Then, SRS transmission in that BW part will violate ICIC and create interference (in addition to being wasteful as no PUSCH scheduling will occur in that BW part). The only way to avoid such faulty operation using the Rel.8 SRS hopping configurations is to effectively disable SRS hopping. Therefore, enhancements of the Rel.8 SRS hopping patterns are needed to support SRS hopping in conjunction with the application of ICIC in heterogeneous networks.
Proposal: Support enhancements of Rel.8 SRS hopping patterns to allow SRS hopping in conjunction with ICIC.

3 SRS Support for Non-Contiguous RA
One of the key factors limiting the potential throughput gains from non-contiguous RA within a CC 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]. 
Configuring SRS transmission with maximum BW is obviously not possible due to the resulting overhead and due to the fact that most UEs do not have the required SINR for such an SRS transmission to provide accurate channel estimation.
Relying on SRS BW hopping is also not possible as SINR estimates are obtained in different SRS transmission sub-frames and, unless the SRS transmission happens frequently enough for a respective increase in SRS overhead and UE power consumption, SINR estimates obtained in different SRS transmission sub-frames will not be highly correlated.

Therefore, to properly support PUSCH transmission in non-contiguous BWs of a CC, including transmission of DM RS over non-contiguous BWs, it is necessary to support SRS transmission over non-contiguous BWs of a CC.

Proposal: Support SRS transmission over non-contiguous bandwidths within a CC in Rel.10. 

4 SRS Multiplexing 
SRS multiplexing in Rel.8 is achieved using 2 combs (CAZAC Repetition Factor, RPF=2) and up to 8 Cyclic Shifts (CS) of a CAZAC sequence. With respect to SRS multiplexing capacity (for orthogonal SRS transmissions), the Rel.8 configuration of 2 combs and a maximum of 8 CS allows for an SRS multiplexing capacity that exceeds the capacity possible in most channels, with the possible exception of completely flat (frequency non-selective) channels and even then, timing errors and filtering effects will further reduce the number of theoretically supportable CS. 
It should be kept in mind that the important metric that needs to be kept constant is the product of the number of combs and the number of CS (in other words, as the number of combs increases, the number of supportable CS proportionally decreases). The duration of the SRS sequence is 66.67/RPF sec. For RPF=2 and 8 CS, the CS separation is 4.167 sec. Even without considering timing errors and filtering effects, this CS separation is not adequate for a TU6 type channel where only 3 CS can be supported for orthogonal multiplexing of SRS transmission using 2 combs (6 CS with a single comb). Furthermore, as also witnessed by the performance of CS-separated DM RS for SU-MIMO, even this apparently conservative CS estimate may in fact be too optimistic and interference may affect SINR estimation using the SRS at high UE SINRs. 
Maintaining 8 CS and increasing the RPF to 4 will barely provide enough time separation to guard against timing errors and filtering transients. Also, increasing the RPF decreases the SRS processing gain and increases its susceptibility to interference, particularly for cell edge UEs which are anyway likely to have small SRS transmission BWs. Backward compatibility issues with Rel.8 UEs may also occur (e.g. when for any SRS BW both Rel.8 combs need to be allocated to Rel.8 UEs, there is no possibility in practice for changing the RPF of Rel.10 UEs and maintaining orthogonal SRS multiplexing).
Therefore, the Rel.8 SRS configuration with 2 combs and a maximum of 8 CS is highly adequate to provide the maximum (orthogonal) SRS multiplexing capacity in virtually all channels, especially considering timing errors and filtering effects. 

Regarding orthogonal SRS multiplexing among different cells, this is already possible among cells of the same Node B using different combs and/or CS. Whether there is a need to provide orthogonal SRS multiplexing among different Node B is FFS although current evidence and realistic implementation considerations suggest that no such need exists. 
Regarding randomization of interference experience by SRS transmissions in different Node Bs, the SRS transmission parameters including the period, the comb, the CS, the CAZAC sequence (a large number of sequences exists for all BWs other than for 4 or 8 RBs, and the implementation can always choose sequences with low correlations), the starting sub-frame, and the starting BW position seem to offer adequate degrees of freedom to the network implementation without a need for explicit co-ordination. 

Observation: The Rel.8 SRS transmission parameters are adequate to support highly efficient SRS multiplexing in Rel.10. 

5 Conclusions

This contribution considered aspects related to the SRS signaling in Rel.10 and proposes the following:
a) Support enhancements of Rel.8 SRS hopping patterns to allow SRS hopping in conjunction with ICIC

b) Support SRS transmission over non-contiguous bandwidths within a CC in Rel.10.  
Moreover, it is observed that, the Rel.8 SRS transmission parameters are adequate to support highly efficient SRS multiplexing in Rel.10 (as in Rel.8).
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