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1 Introduction

The working assumption from [1] comprises a new DL carrier type for carrier aggregation. If such a carrier is only defined for non-standalone operation, it cannot be configured as a DL PCC but will only serve as a DL SCC in Rel-11. Since only the UL PCC contains the PUCCH, the UL SCC linked to (by fixed duplex distance in FDD) the new DL SCC type will not have any PUCCH region. In Rel-10, the PCell configuration is UE-specific which is beneficial, e.g., to balance the load among the serving cells in the eNodeB. Thus, it could always be assured that an UL CC has a PUCCH for some UEs. With the new DL carrier type in Rel-11, this cannot be achieved and as a consequence of the new DL carrier type, the associated UL CC will be a PUCCH-less carrier.
Since one of the motives for a new DL carrier type is to improve the spectral efficiency, it is essential that a new carrier type in the DL does not worsen the spectral efficiency in the UL. The ‘extra’ RBs previously being used for the PUCCH should thus be available for PUSCH transmission in the associated UL CC. A fundamental requirement for spectrally efficient PUSCH transmission is that the eNodeB has the means to leverage the frequency selectivity of the channel for the scheduling and link adaptation, which is important for the use case of carrier aggregation, where the link conditions are supposed to be good and localized transmissions are preferred. This is particularly emphasized here, since the PUCCH-less carrier cannot be an UL PCC and thus only carries transmissions from UEs being configured with UL carrier aggregation. Those UEs are not power limited and the UL link conditions are expected to be favorable. 
2 Limitations to SRS transmission

A UE that is not power limited could be configured with wideband SRS transmission, which enables maximum gain from frequency-selective scheduling. Furthermore, in TDD, channel reciprocity allows the SRS to be used for reducing the amount of CSI reporting. In TDD, information derived from the SRS plays a fundamental role in non-codebook based beamforming. Thus if SRS is unavailable on some RBs, it would induce either more CSI reporting, lack of beamforming gain or more conservative DL scheduling, which is not in line with the objective of using the new carrier type for improving the spectral efficiency. Hence, it should be possible to transmit the SRS on any RB in the carrier. 
The same problem was found in TDD already in Rel-8 where there are subframes (UpPTS) without PUCCH [2]. It was concluded that sounding should be possible on all RBs when the subframe does not contain PUCCH. Consequently, sounding in UpPTS was specified to cover the whole carrier bandwidth. In Rel-11, the problem with PUCCH-less subframes will reappear and apply to both FDD and TDD and for all subframes. 
The SRS bandwidths are a multiple of 4 RBs in order to achieve maximum cyclic shift separation among the 8 cyclic shifts assuming a RPF=2. The Rel-10 SRS comprises 8 cell-specific SRS bandwidth configurations CSRS, each supporting 4 UE-specific SRS-bandwidths BSRS. The down-selection of SRS bandwidths was done assuming there would be a PUCCH region [3]. One feature of this agreement is that the allowable bandwidth region for SRS transmission is equal to the maximum wideband SRS bandwidth. Fig. 1 shows the number of resource blocks that cannot be sounded with SRS as function of the carrier bandwidth in RBs. It can be seen that a significant number of RBs cannot be sounded for certain transmission bandwidths. For a carrier of 6 RBs bandwidth, 2/6=33% of the RBs cannot be sounded.
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Figure 1. Number of resource blocks that cannot be sounded with the SRS as function of the uplink carrier bandwidth in resource blocks.
DFT-based channel estimation for OFDM is known to exhibit edge effects, i.e., giving worse channel estimates close to the bandwidth edges of the reference signal. For the SRS, the cyclic shift de-multiplexing is typically done in the time-domain and it will thus face the same issue of edge effects as DFT-based channel estimation. It has been shown that the mean-square-error (MSE) for the channel estimates is large at the vicinity of the SRS edges [4]. Hence, it will be inherently difficult to obtain accurate channel estimates by extrapolation for REs located outside the SRS bandwidth. This is verified in Figs. 2 and 3, which depict channel estimation performance based on the principle of [4] for an ETU channel at 3 km/h for 20 and 1.4 MHz bandwidths, respectively. The results reflect an ideal situation in that only 1 UE transmits SRS and the system is noiseless, i.e., the SNR is infinite. Linear interpolation was performed for REs located within the SRS region while linear extrapolation was performed for REs located outside the SRS region. It is verified that the MSE increases at the SRS edges and that extrapolation results in very inaccurate estimates. 
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Figure 2. Mean-square-error of channel estimates for a 20 MHz carrier and ETU 3km/h channel with 1 UE transmitting SRS at an infinite SNR. 
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Figure 3. Mean-square-error of channel estimates for a 1.4 MHz carrier and ETU 3km/h channel with 1 UE transmitting SRS at an infinite SNR.
3 Enhancing the sounding capability

Only the 100 RB carrier has a bandwidth being a multiple of 4 RBs, whereas the 6, 15, 25, 50 and 75 RB carrier bandwidths are not. Hence the problem may not be solved by introducing more SRS bandwidth configurations. It would also be difficult to assure a future-proof solution if new transmission bandwidth configurations are introduced. Manipulating the SRS sequences to relax the constraint on the 4 RB bandwidth multiple does also not appear suitable as it may require reducing the number of cyclic shifts, i.e., the multiplexing capacity. Thus, two options would be of primary interest:

Sounding by DMRS 

Usage of DMRS for sounding has already been proposed as a simple way of extending the sounding resources [5], [6]. Since the DMRS could be transmitted on any RB, it would be capable of sounding RBs which the SRS cannot cover. The RBs not covered by the SRS could, e.g., be sounded by the DMRS through empty UL grants or by higher layer configurations. 

Frequency shifting of the SRS region
The existing SRS structure could be utilized if some form of frequency position shifting of the SRS region can be performed. Numerous such shifting approaches could be envisaged, either fixed or time-dependent, that still keep the tree-property of the SRS bandwidths and thus avoids partial overlap of SRSs of the same bandwidth. An example of an existing time-dependent shift is given by the frequency starting position for the SRS in UpPTS [7].  
4 Conclusions
The introduction of a new DL carrier type for carrier aggregation will imply that its corresponding UL carrier contains no PUCCH. Since the SRS bandwidth in Rel-8 was chosen assuming some RBs are used for the PUCCH, there will be RBs that cannot be sounded. In Rel-8, the same issue appeared for sounding in UpPTS in TDD, which does not contain PUCCH.  It was concluded that SRS should span the whole bandwidth and shifting of the SRS region in UpPTS was specified. For Rel-11, this issue applies to both FDD and TDD, for all subframes. It was shown that extrapolation does not give accurate channel estimates. Hence the problem may be solved by either DMRS-based sounding or frequency shifted SRS region.  
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