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1 Introduction
In Rel.10, uplink transmission is enhanced for higher spectral efficiency, including new designs for the uplink RS. OCC is introduced to enhance uplink MU-MIMO with orthogonal DM-RSs within the cell and more flexible scheduling while aperiodic sounding is introduced to improve sounding flexibility. All the new designs enable Rel.10 to achieve the ITU requirements. 
In Rel.11 up till now, some new techniques and new scenarios come forth, as well as new challenges for UL reference signal design to enable them to work well. Hence further enhancements are needed to guarantee the efficiency and reliability.
This contribution investigates issues related to uplink RS, including DM RS and SRS. Some possible enhancements are discussed.
2 Enhancements for DM RS
CoMP is an important component in Rel.11, and it has been shown that uplink CoMP can provide significant gain for uplink transmissions as seen in both Phase 1 and Phase 2 simulation results [2-5]. The gain is due to additional diversity from receivers at the cooperative cells for CoMP UEs. In other words, this gain relies on the link quality between CoMP UEs and the cooperative cells. 

Consider the example in Fig. 1, where CoMP UE1 receives PDCCH from cell1, but transmits uplink data to both cell1 and cell2; UE2 only transmits or receives signals to/from cell2, and is scheduled with overlapped PRBs as CoMP UE1. CoMP UE1 can enjoy performance gain with the additional link to cell2 receiver. However, the quality of the additional link is much worse than the link to cell1 since that pathloss is usually larger and frequency domain scheduling mainly considers channel condition related to the serving cell (i.e. cell1). The impact from frequency domain scheduling may be solved by optimizing the scheduler but the impact to the channel estimation accuracy (i.e. UE2’s signals interferes CoMP UE1’s signals at cell2 receiver) is difficult to solve with the current specification because different cells usually adopt different groups of sequences. The eNB could configure sequence groups of different cells to be the same with cell-specific signaling (i.e., 
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 in the specification). However, this configuration will cause other non-CoMP UEs not served by multiple cells to suffer from high interference. The impact may be different for different scenarios and assumptions, which needs careful evaluation. Consequently, it is proposed to evaluate the performance of UL CoMP considering the issue in the study for inter-cell DM RS orthogonality. 
Proposal: 

· The performance of UL CoMP should be evaluated in the study on inter-cell DM RS orthogonality.
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Fig. 1 Inter-cell DM RS orthogonality issue for CoMP
The introduction of OCC enables better orthogonality between layers/UEs for SU-MIMO and MU-MIMO, as well as unequal bandwidth allocation for MU-MIMO for better scheduling flexibility. One issue is about sequence/group hopping (SGH), i.e. OCC cannot guarantee DM RS orthogonality in MU-MIMO with non-equal bandwidth allocation for current sequence group hopping configuration [6]. This issue prevents the benefit of ICI randomization from SGH and scheduling flexibility from unequal bandwidth allocation. To achieve Rel.10’s requirement, it was agreed to simply introduce UE-specific disabling SGH to solve SGH issue. 

In Rel.11, the requirement to mitigate ICI is much higher than in Rel.10, especially for the links from CoMP UE to its cooperative cells in CoMP Scenarios. The reasons include: 1) the pathloss of the link are usually larger, as well as the interference from UEs of other cells including the cooperative cells themselves; 2) CoMP UEs’ Tx power is usually higher than non-CoMP UEs to enable the cooperative cells to demodulate CoMP UEs’ signals, causing higher interference to other cells. For better optimization in ICI randomization, a new subframe-level SGH scheme can be introduced in Rel.11. Such research has been started with several detailed designs [8-9], where DM-RS sequence obtained from Rel.8 SGH in the first slot is used also for the second slot. Although this design is simple, it cannot avoid sequence collision for the second slot, so the design’s impacts need further investigation. Other schemes can also be studied for better optimization.
Proposal: 

· Introduce subframe-level SGH to improve inter-cell interference mitigation.

3 Enhancements for SRS
In [10], SRS capacity is analyzed in great detail. It was found that SRS resources are insufficient to support timely sounding since uplink channel states related to maximum 4 antennas need to be monitored. Aperiodic sounding was introduced in Rel.10, which can alleviate the impact of the issue. 
In Rel.11, the new scenarios show that SRS capacity issue is more serious. For eNBs to obtain accurate uplink channel state information (CSI) between the UE and multiple cells, certain SRS resources should be reserved for CoMP UEs in multiple cells to avoid being interfered by other UEs served by only one cell. In other words, a CoMP UE may occupy SRS resources of multiple cells. However, in CoMP scenario 4, multiple RRHs share the same cell ID. That means UEs in coverage of different RRHs generate SRS with the same cell ID. Hence the SRS resources for one cell have to be shared by UEs from all related RRHs. Consequently, solutions are needed to improve SRS capacity.
Aperiodic sounding introduced in Rel.10 can be enhanced for better utilization of current SRS resources. Note that aperiodic sounding cannot hop in frequency domain in Rel.10 design. So once the eNB wants the CSI of certain PRBs, it has to re-configure the bandwidth for aperiodic sounding, which incurs RRC signaling overhead and introduces a reconfiguration latency that is too large to enable accurate channel sounding. Currently, there are several independently configured sets for aperiodic configurations, corresponding to different PDCCH formats (format 0, 1a, 2b, 2c, 4). However, set usage relies on either uplink or downlink data scheduling. For example, when there is no downlink data, eNB cannot trigger UE to transmit aperiodic sounding on the bandwidths configured for PDCCH format 1a, 2b, 2c. When frequency hopping for aperiodic sounding is supported, sounding bandwidth can be different for each TTI, so that eNB can trigger UE to transmit sounding on the expected PRBs only if the triggering happens at a certain time [11-14]. Hence, the introduction of frequency hopping for aperiodic sounding can help achieve better utilization efficiency to compensate SRS capacity issue. The hopping pattern and hopping related signaling designed in Rel.8 can be reused to alleviate standard work. 
Proposal: 

· Introduce frequency hopping for aperiodic sounding for better utilization of available resources to achieve higher SRS capacity.

More resources can be exploited to extend SRS capacity. Additional resources can be, for example, unused DM RS resources for sounding [15], i.e. eNB can trigger a UE to transmit aperiodic sounding in the 4-th and the 11-th symbols with unallocated DM RS resources. OCC can provide the orthogonality with DM RS from other UEs. It may be argued that such a design could results in increased inter-cell interference (ICI) on DM RS. This, however, can be avoided with a correctly configured eNB that enables this function for cell-center UEs. Alternatively, the unused DM RS resources can also be utilized in the form of in-band sounding, which was proposed in [16-18]. That is to say, a UE transmits non-precoded DM RSs to provide the eNB with MIMO channel information for the scheduled PRBs. The interference to other UEs will not be larger if the total power is the same as current precoded DM RS. 
Proposal: 

· Study sounding with unused DM RS resources and aperiodic sounding based on non-precoded DM RS to provide additional resources to achieve higher SRS capacity.

4 Conclusions
This contribution discusses issues related to uplink DM RS and SRS. It is proposed to:
· The performance of UL CoMP should be evaluated in the study on inter-cell DM RS orthogonality.

· Introduce subframe-level SGH to improve inter-cell interference mitigation.

· Introduce frequency hopping for aperiodic sounding for better utilization of available resources to achieve higher SRS capacity.

· Study sounding with unused DM RS resources and aperiodic sounding based on non-precoded DM RS to provide additional resources to achieve higher SRS capacity.
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