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1 Introduction

SRS transmissions in Rel-8, with or without hopping, cannot support ICIC while sounding the entire BW available for PUSCH transmissions. 

This contribution considers simple enhancements to the SRS transmission, with or without hopping, to enable ICIC and improve SRS resource utilization. 
2 Non-contiguous SRS Transmissions without Hopping
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) ICIC on SRS transmission cannot be supported (in case of one carrier).

Support for non-contiguous SRS transmissions is primarily motivated by the previous three design considerations. It is worth noting that 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 [1]. Moreover, SRS transmission over non-contiguous BW is already supported in case of carrier aggregation.
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 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 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 especially considering that:
a) Substantial frequency selectivity is obtained particularly for UEs supporting non-contiguous PUSCH transmissions.
b) Wasteful sounding over BWs allocated to SPS can be avoided.

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

d) Not sounding the whole BW is beneficial for ICIC. 
Proposal: Support SRS transmission over non-contiguous BW within a CC.
3 SRS Hopping
The need to modify the Rel-8 SRS hopping patterns in order to support ICIC is subsequently described.
Figure 2 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 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: image3]
Figure 2: SRS hopping BW for tree-based SRS structure

The above SRS hopping patterns are either inapplicable or too restrictive in heterogeneous networks where the use of ICIC prohibits SRS transmission in certain parts of the BW. One obvious case indicating the inadequacy of the Rel-8 hopping patterns in het-nets is to consider that any part in the middle of the BW is not used due to the support 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). 
Proposal: Support enhancements of Rel-8 SRS hopping patterns in conjunction with ICIC.

4 Conclusions

This contribution considered aspects related to the SRS signaling in Rel-10 and proposes the following:
a) Support SRS transmission over non-contiguous BW within a CC.
b) Support enhancements of Rel-8 SRS hopping patterns in conjunction with ICIC
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SRS BW Configuration 2
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